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Foreword 


HIS volume of the TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL 

ENGINEERS is of the same form and size as volumes 49 and 50. It complies with the 
publication policy of the Society consummated is; 1928 under which the TRANSACTIONS 
are issued in pamphlet form in order that they nay become more quickly available to 
members. 

The pamphlets, forming sections of the TRANSACTIONS, are issued periodically at 
the rate of about three a month, and each section is sponsored by one of the Society’s 
professional divisions. A member of the Society may register in any three professional 
divisions and may receive, without cost, the sections of the Transactions which are 
sponsored by these divisions. The periodical publication of these sections in maga- 
zine form has a feature of timeliness which justifies the inclusion of papers of specific 
interest to a single group of members without the cost of distribution to all. This 
policy, combined with increased activity on the part of the professional divisions, has 
made available a much greater number of engineering papers. 


COMPLETE TRANSACTIONS BOUND FOR PERMANENT RECORD 


For permanent record and for reference use in depositories and libraries a number 
of sets comprising all of the sections of the Transactions have been bound, and are 
issued in two books which form parts I and II of volume 51. The division into two 
books is for convenience in binding and handling, and together these comprise volume 
51 (1929). 


NUMBERING AND ARRANGEMENT OF PAPERS IN COMPLETE TRANSACTIONS 


In this volume the papers of each section are grouped together and are numbered 
serially. The different sections follow each other alphabetically. Each paper is desig- 
nated by a symbol composed of key letters followed by the volume number and paper 
number. The letters refer to the section of the Transactions to which the paper is 
assigned. Thus AER refers to the Aeronautic section, IS is the Iron and Steel section, 
etc. Each of the two books forming parts I and II of volume 51 contains a complete 
index of subjects, authors, and discussers to both parts of the volume so that either 
may be consulted. The arrangement of the index and designations for locating ma- 
terial are explained at the beginning of the index. 


CONCERNING BLANK PaGEs 

The papers in each section of the Transactions are printed separately so that they 
may be available as reprints. This makes it necessary to print each paper so that the 
number of pages is a multiple of four. Because of this blank pages will be found at 
the ends of papers which do not completely fill the printer’s form. This is the reason 
for the blank pages which will be found scattered throughout the volume. 


THE PUBLICATIONS COMMITTEE. 
Ill 
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Progress in Iron and Steel 


Contributed by the Iron and Steel Division 


Executive Committee: G. T. Snyder, Chairman, F. C. Biggert, Jr., C. Snelling Robinson, 
W. W. Macon, and W. Trinks 


ONTINUATION of production of pig iron forthe remainder 
( _ of the year at the average which has prevailed for the 
past eleven months of 1928 will bring the total for the year 
to about 38,000,000 gross tons, exceeding productions for 1926 
and 1927, and less by about 1,400,000 tons than the corresponding 
figure for 1926. The steel-ingot production for the year points 
to a most satisfactory output by comparison, as the first eleven 
months of 1928 show a total production of more than 3,000,000 
tons in excess of the best previous record for a similar period, 
made in 1926. These figures, if one has in mind the percentages 
of operation in the industry as reported from time to time for 
various districts, indicate a considerable capacity to produce these 
commodities above average requirements. It would seem, 
paradoxically, the steel plants are running full when operating 
at 75 to 80 per cent of capacity. 


Iron ORE 


An industry which creates a lake movement alone for 1927 of 
more than 51 million tons, a record yearly production shipped by 
water of 62 million tons, and an estimated tonnage for 1928 of 
53 to 54 million tons, must point to considerable mechanical 
equipment at mines and at shipping and receiving docks. The 
extent of the mechanical equipment used to mine and load in 
cars and vessels this vast tonnage of iron ore is indicated by 
A. Tancig in his paper presented at the Summer Meeting of the 
Society. The equipment now used, as described and illustrated 
in Mr. Tancig’s paper, makes it difficult to believe that the ore at 
one time was handled by picks, hand shovels, and wheelbarrows. 
The importance of mechanical engineering in this particular phase 
of the iron and steel industry is strongly brought out when one 
considers the use of an electric shovel with a 50-ft. dipper handle, 
70-ft. boom, and 10-cu. yd. (30,000 Ib.) dipper, the complete 
machine weighing 1,250,000 lb. and being capable of dumping 
55 ft. above grade. 

The importance of this branch of engineering is further em- 
phasized in the use of large-capacity power-dump railroad cars, 
air-compressor plants, track shifters, crushing and screening 
plants, washing plants with capacities up to several thousand 
tons per hour, crushing and screening machinery, and the in- 
cidental maintenance and emergency upkeep equipment. The 
future probably points to great increases in machinery for bene- 
ficiation of much of the ore that is mined, and is a problem de- 
manding additional serious consideration at this time. 

In connection with this subject of iron ore, encouragement 
should be given to the presentation of a paper during 1929 de- 
voted exclusively to ore- and coal-handling bridges. The paper 
might be prepared either for the Materials Handling or for the 
Iron and Steel Division and would be of great value, especially 
as it would necessarily devote a great deal of consideration to the 
safety features of these structures and to records of the actual 
functioning of the safety equipments in regular service. 


OpEeN-HEARTH FURNACES 


The development in open-hearth practice has not shown any 
radical departure in general design of furnaces or equipment. It 
is rather along the line of refinements, such as preheating air, 
insulating walls of chambers, sloping back walls, greater recovery 


from waste heat in gases, and, of course, continued efforts to 
improve quality. As one writer puts it, “future trends will be 
toward larger furnaces aiming at greater tonnages and lower 
costs, efforts to secure more refractory linings, better utilization 
of present sources of heat, and better control of atmospheric 
conditions.” The mention of fuel brings up again the question 
of mixing blast-furnace and coke-oven gas to secure enormous 
volumes of a gas sufficiently rich to serve the open-hearth as 
well as other metallurgical furnaces. 

Multiple pouring of ingots is being used to a greater extent, 
and advantages are claimed. The equipment for multiple 
pouring requires careful mechanical designing in order to be 
safe and effective. It is sometimes difficult to accomplish in 
existing plants for lack of headroom or other clearances. Tilting 
open-hearth furnaces are preferred in many cases and are being 
advocated for the well-known advantages of slag control, tapping, 
control of steel quality, and ability to patch bottoms. The 
mechanical equipment controlling the tilting of these furnaces 
seems to be entirely satisfactory. The insulation of checker 
chamber walls, already mentioned, has been the subject of a 
great deal of discussion, and there are many advocates. It is 
to be hoped that the proposed uses of insulation of these chamber 
walls, where applied to old furnaces, will be analyzed in all cases 
by careful tests prior and subsequent to the installation. The 
use of fans at each end of the furnaces to secure better com- 
bustion control is being tried, and satisfactory results are claimed 
for this innovation. 

In England at the Merchant Iron Works Company at Middles- 
brough-on-Tees, Beujamin Talbot of the Talbot process fame 
installed an auxiliary hearth to an open-hearth furnace. This 
device is used to preheat the metal, be it scrap or hot iron, before 
it is discharged into the main hearth. It is claimed that a 
material increase in the output of the open-hearth furnace is 
thereby obtained. 


BESSEMER 
Dr. G. B. Waterhouse, of the Massachusetts Institute of Tech- 


; nology, has written an encouraging article in regard to making 


steel in bessemer converters. His tabulation of tonnages shows 
that the rate of diminishing percentages of steel made by the 
process is slowing up. The total yearly tonnages of this steel, 
proved so satisfactory for very many purposes, has held up very 
well compared with six out of the past seven years. 

Many mechanical improvements are possible in a new bessemer 
plant, such as electric tipping, scrap charging, provision for 
double pouring, delayed teeming, and incidental equipment 
needed to reduce loss. A small amount of study and attention 
compared with that given the open-hearth plants might turn the 
tide and possibly increase the proportion of steel made in con- 
verters. That there are many uses for this kind of steel is very 
well known, and improvements in the practice might readily 
extend these uses. 


DupLex PLANTS 


While satisfactory steels are being made in duplex plants there 
does not seem to be much development in the way of additional 
plants. The large tonnages possible make this manner of making 
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steel attractive, although it is pointed out there are numerous 
difficulties to be encountered and that great care must be taken 
in the selection of metal fuel, the temperature control, and pre- 
liminary blowing. 


Sueet SHEET-BarR MILLs 


Continued interest is shown in the new mills which have been 
built during the past two or three years. Youngstown Sheet and 
Tube Company’s 21-in. continuous sheet-bar mill at Indiana 
Harbor takes billets direct from the blooming mill into the new 
mill, ten horizontal and three edging stands rolling 6'/,-to 16°/,-in. 
skelp and the general run of sheet bar. A noticeable feature is 
the use of roller bearings on the off side and of bronze bushing on 
the drive side of the feed table. Table gears are cut and run in 
oil. An interesting description of this mill was given in the 
March 22 number of Jron Age. F. C. Biggert, Jr., authority 
on sheet mills, says in a general way: “If present indications are 
borne out by actual experience, we may expect to see sheet steel 
selling at prices sufficiently reduced to make possible its use for 
a multitude of new purposes. It should be noted, however, that 
this has not yet been accomplished. The new mills represent 
large investments and require large tonnages and large individual 
orders to make their operation profitable.” 

From an operating standpoint they are still in an experimental 
stage, and it is doubtful if any of them has yet shown costs lower 
than can be made by established methods. The following 
pertinent statement was made by an unnamed writer: ‘Another 
phase of interest in this portion of the steel industry is that most 
of the inventions and discoveries necessary for the successful 
operation of the new method have been covered by patents, 
possibly to a greater extent than any single industry save perhaps 
that of wire. The rolling process and machinery and the sub- 
sequent processing, annealing, pickling, etc., all come within the 
scope of this protection. It would be unfortunate indeed if the 
situation were handled in any but the broadest, fairest manner, 
for which the leaders of the American steel industry are eminently 
fitted.” 

Of passing interest is the rolling in one of the American Sheet 
and Tin Plate plants of 48-gage tin plate which ‘‘can be torn 
easily between thumb and forefinger.”’ The field for the use of 
this very thin material is said to be limited, but its availability 
may develop additional uses. 

The importance of progress in the art of rolling sheets is shown 
by the progressive development made by Weirton Steel Company 
in the three periods, 1916-1920, 1920-1925, and 1925-1927, in 
which horsepowers progressed 4900 hp., 6300 hp., and 8500 hp., 
respectively, and monthly tonnages, also respectively, 8365 tons, 
11,386 tons, and 13,658 tons, rolling 18-gage 5 to 6!/2 in. to 1l-gage 
5to22in. For this information we are indebted to Mr. Badlam, 
consulting engineer, Pittsburgh (The Blast Furnace and Steel 
Plant, February, 1928). 

At the American Rolling Mill Company’s plant at Ashland, Ky., 
a tandem-type mill for sheet rolling has been installed. The most 
significant feature of interest is that the roughed sheet is pre- 
heated in a 140-ft. continuous furnace before going into the first 
stand of the finishing mills, and short furnaces for reheating the 
sheet are provided between second and third, third and fourth, 
and fourth and fifth stands. 


Coxe PLANTS 


The dry quenching of coke has not, we believe, made much 
headway in this country during 1928. The claim of a saving of 
5 per cent or over 2,000,000 tons of coke per year should encourage 
further investigation and, if established, promote this project 
of cooling by continuous passage of inert gases through the coke 
and reclaiming the heat so absorbed by producing steam. 


MILts 


Additional items of interest in regard to the new mills at the 
Homestead Steel Works of the Carnegie Steel Company are 
available. It has been pointed out that the construction of these 
large and modern mills on sites occupied by old mills that con- 
tinued to operate called for what may be termed “emergency 
engineering”’ and for great resourcefulness upon the part of all 
who had anything to do with this great project. 

There is a dual set of mills running parallel with an electric 
motor room between and soaking pits at the end arranged so 
that ingots can, when required, be fed to either mill. The 
buildings covering these mills are said to weigh nearly 27,000 tons 
and cover more than a million square feet. The weight per 
square foot of floor space covered seems to figure out over 47 lb., 
which denotes very substantial construction for buildings of this 
type. There is one group of mills composed of 44-in. blooming 
mill, 36-in. roughing mill, and 28 in./32 in. structural mill for 
standard sections. On the other side of the motor building are 
the huge 54-in. blooming mill and three 52-in. mills, roughing, 
intermediate, and finishing, for rolling the H-sections in depths 
from 8 to 30 in., direct from ingots. 

While this group of mills was designed for 26,000 tons per 
month, it is expected this will be greatly exceeded, which is not 
surprising since designed tonnages in all kinds of rolling mills 
seem always to be exceeded, and sometimes soon after they are 
placed in operation. Flange widths vary from 6 to 15 in. and 
weights from 21 to 425 lb. per ft. The motors driving these 
mills range in horsepower from the 8000 hp. motor (peak rating 
14,400 hp.) driving the blooming mill to the smaller motor driving 
screwdowns, manipulators, tables, etc., there being two 7000-hp. 
motors driving the roughing and intermediate set of rolls. Out- 
standing features are the various electric controls, and an inno- 
vation is the dual interlocked control from the ground and the 
crane cage of soaking-pit covers and the control of the ingot 
buggy by the crane operator. The distance from the center 
line of the 54in. blooming mill to the hot saws is 907 ft. 6 in. 
One hot bed is 100 by 250 ft. Special crane equipment is pro- 
vided to stock and handle the product. This entire construction 
program, designing, fabricating, and then erecting in the midst 
of old mills continuing in operation, reflects great credit on the 
organization effecting it. 


SEAMLESS AND WELDED TuBE MILLS 


Development of this branch of the iron and steel industry has 
been rapid, and competition is keen. Whether to build pilger 
mills or some other kind seems still to be a question, and advocates 
of both types of mills can undoubtedly point to finished produc- 
tion that satisfies their customers. The combination of piercing 
and expanding mills followed by the usual equipment points to 
still larger diameters than are now being made. The enticing 
features of pilger mills, while calling for some elaboration in the 
open-hearth plants, will continue to attract attention and proba- 
bly promote more mills of this type. 

By-passing soaking pits, a blooming mill, and a bar mill for 
rolling rounds is an attractive idea that will continue to be allur- 
ing. Mr. Stiefel, however, who should be an authority in the 
whole field of seamless-tube making, says in his paper: (1) Out- 
put in tons with plug mill is two or three times greater; (2) cost 
of installation about the same; (3) tool cost for pilger mills 
two or three times greater; (4) rolls and mandrels for the pilger 
mills call for special steels; (5) maintenance and tool equipment 
less costly for plug mills; (6) plug-mill product is of better 
quality; (7) pilger mills can roll longer lengths; and finally, 
(8) plug mills will probably be built that can produce tubes 
24-in. in diameter. The controversy, if there is one, must resolve 
itself into the question of cost to produce from start to finish, 
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since the product, whether pilger or plug mill, is being sold. 
An important addition to the seamless-tube industry is the new 
mill at Ambridge built by the Standard Seamless Tube Company. 
What is claimed as one of the largest piercing mills so far built is 
the 5l-in. mill at this plant. Designed by the Mesta Machine 
Company in collaboration with the owners and built by the 
former, the equipment is of massive construction, and the piercing 
mill may be, as hinted in the description given in the trade papers 
early this year, the largest of its kind anywhere. The range of 
tubes to be made runs up to 15-in. outside diameter. 

The piercing mill is driven by a 5000-hp., synchronous, 240- 
r.p.m. motor with peak power of 12,500 hp., through helical 
reduction gears that revolve the rolls at approximately 60 r.p.m., 
or about 800 ft. at the surface. The gear-drive unit stands 17 
ft. high and weighs 500,000 lb. The driving spindles with uni- 
versal couplings are approximately 20 ft. long. The design of 
guides for the mill is notable, affording quick changing. The 
thrust-block bearing has a rated capacity of nearly 600,000 lb., 
weighs 16,000 lb., and has a travel of 38 ft. Another feature 
that would be more notable if not now quite common practice in 
designing modern mill machinery is the careful attention given to 
lubrication throughout the mill, using forced-feed oil or grease 
under pressure. 

Another seamless mill placed in operation by a leading interest 
this year has a range from 6 in. to 13*/,; in. and makes tubes up 
to 47 ft. long on hot bed. Rounds charged in three furnaces are 
5'/, to 9°/, in. outside diameter and up to 16 ft. long. There is 
a piercing mill and expanding mill, each driven by 3000-hp., 
300 per cent overload, synchronous motor. The piece is re- 
heated after being expanded, then rolled, reeled, and sized. With 
about the equivalent of three months’ operation, this mill has 
finished and shipped a tonnage about 50 per cent greater than 
that for which it was normally designed. 

A. M. Byers Company, which controls the Aston process for 
manufacturing wrought iron without a conventional hand pud- 
dling, has made an arrangement with the Standard Seamless Tube 
Company under which the former is supplied wrought-iron billets 
and the latter converts them into seamless tubing by processes 
similar to those used in the manufacture of seamless-steel tubing. 
The Standard Seamless Tube Company was previously allied 
with Spang, Chalfant & Co., a large manufacturer of welded- 
steel pipe, which has generally been understood as indicating 
the possibility of seamless pipe capturing at least in part the 
welded-pipe market. 

Bethlehem Steel Company has completed its very large welded- 
pipe mill. 


FURNACES 


The large furnace up to about 25 ft. diameter hearth is con- 
sidered good practice, and satisfactory operation of these stacks, 
as large or nearly as large as this, at about 850 to 900 tons of 
iron per day (average), is not unusual. No important improve- 
ments to stack, skip, or stoves have been noted, the changes, if 
any, being in details. A very considerable attention has been 
given by blast-furnace operators and designers to the matter of 
gas cleaning. This matter and the ever-present problem of 
flue-dust production and disposition are sufficient to occupy the 
minds of furnace operators between casts and deserve a great 
deal of thought and study. While of low heat value, the blast 
furnace gas is available in such enormous quantities (especially 
when stove equipment is efficient) that it continues to attract 
the attention of both engineers and operators, and it is so closely 
related to the dust problem that it is not to be wondered at that 
so many ways and means for cleaning the gas have been and are 
continually being proposed. 

Difficulties and aunoyances in the use of gas not thoroughly 
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cleaned and the production of dust at from a few pounds per ton 
of iron made, to at times as much as 800 Ib. per ton, justify con- 
centration on these two matters. Huge piles of flue dust, con- 
taining as much iron as many of the ores, call attention to the 
loss occurring from this seemingly necessary evil in operating 
blast furnaces. Some recovery is made by sintering, but the 
practice is by no means general. Large tonnages of dust are 
being wasted beyond chance of recovery. Several years ago a 
well-known blast furnace operator urged that the most important 
factor in future furnace operation should be and would be along 
the lines of selected burden. Proper sizing and quality of coke, 
stone, and ores was urged. 

Blast furnace practice must improve, according to various 
authorities, through the use of better burdens, large furnaces to 
secure low costs, better gas cleaning to secure good results at 
consuming units, and the recovery of the iron content now lost 
in wasted flue dust. Improvements in equipment for the re- 
covery of the iron content in blast-furnace flue dust, either by 
sintering or by some other method, point to the possibility of 
large blast-furnace operators facing a penalty, in addition to the 
yield loss, for all dust wasted beyond the amount known to be 
recoverable. 


MISCELLANEOUS 


Attention was called early in the year to the German achieve- 
ment of operating a blast furnace at 1000 tons per day, largely 
through selected burdens. They have used sintered fines from 
the ores, a practice which may show results in this country far 
beyond present conjecture. Quoting from an article printed in 
February this year: ‘Large American furnaces, if supplied with 
rich sintered ores, would produce far more than anything yet 
achieved here or abroad.’”’ The same writer, speaking of boiler- 
house equipment in steel plants, mentions present efficiencies of 
60 per cent, which does not reflect credit on operators. The 
possibility of steam plants of 70 per cent efficiency and 150 per 
cent rating, fired with blast-furnace gas, was mentioned. Ex- 
periences already obtained set the goal at at least 80 per cent 
efficiency and 200 per cent of rating. 

Recovery from blast-furnace slags in the shape of concrete 
materials, etc., is largely a question of educating communities in 
their use, since plants are operating which make a very satis- 
factory return on the investment. As to the utility of the 
crushed and screened slag for concrete, an instance occurred 
where a contractor for a concrete coaling station objected to the 
use of slag aggregates specified by the customer, but later found 
on investigation that the results would provide a stronger con- 
crete than any other aggregate available for the structure. 

“Sponge Iron as a Melting Base” was the subject of N. K. 
G. Tholand’s contribution in May to Iron Age. The production 
of Swedish sponge iron started about 20 years ago. As shipped 
to this country for steel making, it is in the form of 2 to 2'/2 in. 
thick disks, 10 to 11 in. in diameter, very light and porous, with 
a specific gravity of 2, of bluish tinge, and the iron content is as 
large as 97 per cent. The unwelcome impurities in this material 
are said to be low, since phosphorus is reported as maximum 0.013 
per cent and sulphur as CaS as maximum 0.025 per cent. Claim 
is made that the resultant steels produced in electric furnaces 
show marked superiority. Increase in certain wire product from 
200,000 Ib. ultimate to 255,000 lb. ultimate is claimed, where no 
change was made in practice except the substitution of sponge 
iron for a portion of the former charge. This subject calls 
attentioa to the fact no news has yet come out in regard to the 
leading interest’s extensive research work along somewhat 
similar lines so far as the raw material (sponge iron) is con- 
cerned. 

The subject of the use of powdered coal in metallurgical 
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furnaces continues to be of interest to mechanical engineers for 
the reason that the mechanical equipment requires careful se- 
lection and design. The Eastern Steel Company, at its Potts- 
ville, Pa., plant, in 50-ton and 80-ton basic open-hearth furnaces 
reports 500 to 600 Ib. of coal per ton of steel ingots and 200 heats 
to one roof. These figures are of course not record ones by any 
means, but apply to furnaces fired with powdered coal. Bin 
capacity is provided above each end of thefurnace. The prepara- 
tion plant is at one end of the open-hearth plant. The aim is 
to deliver the coal to the furnaces to pass 80 per cent through 
200 mesh. Coal desired for the purpose has an average analysis: 
Volatile, 36 per cent; fixed carbon, 52 per cent; moisture, under 


1.25 per cent; ash, 6 to 8 per cent; sulphur, under 1.25 per cent. 

While there have been some explosions, one only was serious, 
and thirteen years’ experience does not point to extra-hazardous 
conditions. Development of anti-friction bearings for mill use 
continues on a large scale. No doubt many mill engineers have 
been prejudiced against this refinement in mill machinery, but 
experience in the use of these bearings in places where it was 
considered they could not possibly stand up under rough and 
heavy service has overcome these prejudices, so that it is no 
longer a question of service but of comparative installation and 
maintenance costs. 


G. T. Snyper, Chairman. 
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Heavy-Duty Anti-Friction Bearings 


By SIDNEY G. KOON,! NEW YORK, N. Y. 


Advantages of ball or roller bearings on almost all types of operat- 
ing mechanisms are stressed in this paper. There are not only the 
savings in power consumption, which frequently run from 25 
to as much as 60 per cent, but also collateral advantages of varying 
description. Frequently the bearings permit operations which 
without them would be exceedingly difficult or expensive. 

Some of the limitations to the use of the bearings are taken up, 
particularly those dealing with space limitations on equipment of 
old design. The concurrent development of heavy-duty bearings 
for steel-rolling-mill work along with backed-up types of rolling 
mills is traced at some length. Many features of operating con- 
ditions found in steel mills are discussed ir: their relation to the 
use of bearings of this type. Lubrication and care of the bearings 
are also given consideration. 

How much load the roller bearing will carry and how long it will 
carry that load satisfactorily are not yet known. The whole field 
of roller-bearing uses on a large scale is in process of development, 
and ideas have not yet crystallized on many features of the work. 
In the present state of development they operate successfully under 
many varying conditions, but it is essential that they be adapted 
particularly to the work which they are called upon to do. The fact 
that wear is practically negligible permits maintenance of constant 
operating conditions for a much longer period than with plain bear- 
ings, and makes a strong point in favor of the anti-friction type. 
It seems to be generally accepted that in a great many cases, their 
greater initial expense is fully justified by the results to be expected 
from their use. 


HERE are few machines, the running of which may not be 

improved by anti-friction bearings. The action of articu- 

lations and of mechanical movements of any kind is 
improved by proper bearings, and the highest type of these is 
the anti-friction. 

Even for bearings occupying a very minor part in the ma- 
chine, some form of anti-friction bearings may be said to be 
better and cheaper in the end. Our automobile development 
is largely predicated on ball or roller bearings. 

In most cases the initial cost of an anti-friction main bearing 
may well be less than that of the plain bearings when everything 
is considered. The plain bearing requires expensive white metal 
or brass; there is much scraping labor at high cost; and then in 
the installation in the machine the bearing has to be run in at 
further skilled-labor cost. With the anti-friction bearing, on the 
other hand, none of this cost is entailed; the bearing is finished in 
the plant where it is made, and it is then put into the machine 
ready to operate. 

Roller bearings are designed with the expectation that they 
will last as long as the machine. While it cannot be claimed 
that they are free from trouble and occasional breakage, in gen- 
eral they are so much more dependable than the plain bearing 
that the maintenance cost of the latter is almost wholly an un- 
balanced charge when the two are compared. Maintenance is 
the largest item with regard to a plain bearing. When such a 
bearing or a part which it serves becomes too hot, it may cause 
the shutting down of a whole train of equipment, with interrup- 
tion of service, and involve a heavy loss of revenue. As inter- 
changeability of wearing parts is more to be desired than their re- 
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Contributed by the Iron and Steel Division and presented at the 
Annual Meeting, New York, December 3 to 7, 1928, of THe AMERI- 
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pair, properly adapted ball or roller bearings naturally are pref- 
erable to solid bearings. 

As an instance of the importance of the maintenance factor for 
plain bearings, there are sheet mills that are running with as 
high maintenance as 22 cents to a ton of finished products and 
an additional 20 cents for lubrication, making a total of 42 cents 
on each ton. 

In 1913 it was proposed to put roller bearings on sheet mills for 
cold rolling, to get away from the unduly heavy friction losses. 
For various reasons, however, these mills were not fitted with 
anti-friction bearings until fourteen years later. The power 
saved was then found to be about 70 per cent of that previously 
used. Only three-tenths of the power originally employed was 
required for rolling the product and overcoming what friction 
remained in the new bearings. 

Even this great economy in power, however, was not a com- 
pelling element in dictating the use of anti-friction bearings in 
sheet mills. The one item which did effect it was the fact that 
it was found extremely expensive to obtain uniform thickness 
to close limits across the width of sheets rolled on mills with 
plain bearings. And lengthwise of the sheet the uniformity 
often was so poor that measurements taken in fractions of one- 
thousandth of an inch showed that the material could not be used 
for certain exacting purposes. 

This illustrates something which has been observed time and 
again in the installation of anti-friction bearings, namely, that 
the major economy or improvement is almost always not the 
one which is anticipated to have major value. 

An installation in a tube mill operating on the Mannesmann 
principle is a case in point. A tailstock holding a mandrel bar 
was fitted with a multiple-collar bearing of the marine type 
similar in appearance to the thrust bearing on a propeller shaft. 
The mill was producing about three tubes a minute. Some- 
times this bearing was run only half an hour before renewal of 
the lining was necessary. The loss on the mill due to lack of 
production, expensive equipment idle, and ingots getting over- 
heated became a very serious proposition. 

Roller bearings were put in to replace the multiple-collar 
bearings. These are grease-lubricated and have been standing 
up for six months at a time, or longer, between adjustments. 

A great economy here, however, in addition to overcoming the 
difficulties mentioned previously, was in the prolongation of the 
life of the piercer point. This point wore away very rapidly 
under the original conditions, because of the retardation to ro- 
tation, caused by friction. With the roller bearings the mandrel 
quickly rotates up to full speed, and saves wear on the point. 
The whole cost of this change-over was defrayed by the savings of 


‘a few weeks of operation. 


Benefits to be expected from the use of roller bearings in mills 
are fourfold. They may be classified as (1) power savings; 
(2) reduction in maintenance; (3) practical elimination of 
repair costs; and (4) continuity of operation of the mills. 

Saving in power is the one question which is brought up with 
such increasing regularity and persistency that, while the bearing 
manufacturer today may be only a producer of bearings, he may 
shortly be called upon to assume the role of consultant. Because 
of the close relations he has with both mill builders and mill 
operators, he may be required to be able to fix accurately upon 
the size of bearings which can be recommended safely for the 
service the mill is to perform. 

If a comparably water-tight sleeve bearing of ample capacity, 
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properly lubricated, could be used on the backing-up rolls of 
four-high rolling mills, it would probably do good work also. 
If such a sleeve bearing could be developed, one steel-mill engineer 
who was consulted believes it would operate on about the same 
power as a roller bearing, except in starting. But such a sleeve 
bearing would inevitably necessitate a much longer roll neck, 
which is to be avoided if possible. The relatively short axial 
length for a roller bearing of given capacity, compared with a 
sleeve bearing, is one of its strong points when applied to rolling- 
mill design. 

As a large sleeve bearing should be lubricated by oil, it would 
be difficult to keep water out. Grease can accomplish this satis- 
factorily and is a good lubricant for roller bearings. This fur- 
nishes another reason for adopting the roller bearing, even if an 
adequate sleeve bearing should later be developed. 

For these reasons it might prove impossible to design a sleeve 
or plain bearing which, without constant attention and adjust- 
ment, would enable a mill to maintain the closeness of gage 
accuracy now being obtained with roller bearings. Minutely 
accurate operation is of far greater moment to steel-mill execu- 
tives than the saving of 30, or 40, or even 50 per cent in power, 
welcome though that always is. But roller bearings are found 
to procure both these results simultaneously, together with 
corresponding savings in fixed charges on investment in electrical 
machinery, both at the mill and in the power plant. 

Much, heat is generated in the journals when plain slide bear- 
ings ar d. A considerable portion of this heat travels from 
the roll aeck into the body of the roll and tends to swell it or 
otherwise to distort its shape. This makes it difficult to main- 
tain exact sections or thickness in rolling. Roller bearings 
completely eliminate this source of trouble. While the working 
surface of the rolls becomes slightly heated by friction against the 
material being rolled, the influence of this heat can be readily 
controlled. In any case, it occurs equally whether the bearings 
be solid or anti-friction. 


CONSIDERATIONS REGARDING DESIGN 


In designing bearings for a given equipment, it is necessary to 
consider the life of the machine to be fitted. This does not 
mean merely physical life, but has to do equally with obsolescence. 
Elevators, for instance, are usually figured for about 15 years. 
By the end of that time they may either be taken out to make 
room for later designs, or the building may be torn down to make 
way for a bigger one. Hence, in the designing of elevator equip- 
ment, everything is figured to last at least 15 years, except the 
cable, which, because of wear, is renewed every two years or so. 

Many formulas have been developed by manufacturers engaged 
in designing and producing roller bearings for various purposes. 
Other formulas have been developed by theorists in dealing with 
the forces involved. But inasmuch as material such as steel 
distorts in use under heavy loads, the mathematical theory 
cannot apply directly to the specific case. Consequently, al- 


though a manufacturer may use the formulas in the preliminary ° 


stages of his design, he generally checks them against his accumu- 
lated experience, and almost always departs from them to suit 
varying conditions to be met. Any ball or roller bearing can 
carry a greater load than the theoretical formula provides. 

As an instance of this may be cited the design of a roller bearing 
for a 400-ton revolving crane for pier use, in which the outreach 
over the edge of the pier was 50 ft. or more. Tests made with 
the bearings designed for this crane, under a load somewhat 
greater than that to which they would be subjected in practice, 
showed the surface of contact developed between the cylindrical 
roll and a flat surface plate to be no less than 5/,. in. in width. 
Of course, neither roll nor plate—hardened tool steel as they were 
—was stressed to its elastic limit, both resuming their original 


shapes when the load was removed. Careful microscopic ex- 
amination failed to show any remaining deformation in either 
element. But elastic compression in the material had provided 
adequate bearing area. 

Because of this great width of contact line, in contrast with the 
hair-line of the theoretical formula, it became possible to load 
this particular set of rollers to as great as 19,000 Ib. for each 
inch of length. 

In designing an engine bearing, the flexural stress is first figured, 
in combination with the torsional stress. Ongthe basis of this 
combination the designer will try to get the lst diameter pos- 
sible for his bearing. But other considerayions enter: The 
journal loads may be such, and frequently are, that both the 
length and the diameter of the journal have to be increased, to 
provide enough horizontal projected area to be within safe limits 
for plain bearings. Increasing the length of the journal magni- 
fies the bending moment and the flexural stress. 

With the roller bearing, however, this is not the case. As 
soon as the designer has satisfied the strength requirements for 
torsion and shear, the shaft diameter thus obtained is suitable 
for receiving a roller bearing of adequate capacity. The roller 
bearing is comparatively narrow in width, so that the bending 
moment on account of the journal load, acting through the middle 
of the roller bearing, will be found on reinvestigation to produce 
a safe flexural stress. The shaft diameter does not have to 
be increased as in the case of the plain bearing. The narrow 
roller bearings make possible the use of small-diameter and short 
shafts. 

Due to the great strength of the specially hardened steels used 
for anti-friction bearings, with their elastic limit as high as 
300,000 or 400,000 Ib. per sq. in., a very great specific load can 
be carried by such bearings. This goes beyond anything possible 
in a plain bearing depending upon brass or babbitt. Because of 
this it is frequently possible to save tons of metal in the machine 
when properly designed for the use of anti-friction bearings. 
This results in a heavy saving in the initial cost of the machine— 
enough usually to pay for the roller bearings several times over. 

In designing a roller-bearing mill, the first idea is simply to put 
roller bearings on the necks of existing or conventional rolls. 
Where the problem has not been thought out more carefully than 
this, there have been many cases of failure. Study of the failures 
has shown either too high a pressure or too great a speed, or that 
the neck of the roll was too weak. This latter condition resulted 
from reducing neck diameters to permit the bearings to go into 
the limited space available. 

Investigation has determined that the pressure encountered in 
rolling metals varies somewhat in proportion to the diameter of 
the roll. In one case examined, a 35 per cent reduction was 
taken with a 12-in. roll, with a pressure of 44,000 lb. for each inch 
of width. This same reduction under similar conditions with 
16-in. rolls showed a pressure of 52,000 Ib., and 55,000 lb. was 
found to exist with 20-in. rolls. Builders of rolling mills know 
approximately what pressures may be expected from rolling 
many different metals. Pressure apparently does not vary with 
the speed of rolling. 

Given a stated load and a stated number of revolutions a 
minute, a bearing manufacturer can design a bearing to carry 
the load at the required speed for a certain length of time. In 
designing to fit standard conditions, however, it has frequently 
happened that either the inside diameter of the bearing was so 
small that the corresponding roll neck was too weak, or the 
outside diameter was larger than the body of the roll and hence 
could not be put in place. This situation led to the adoption of 
the backed-up mill for roller bearings, which made it possible to 
retain a roll neck as large as the work required, while at the same 
time permitting the bearing designer to develop bearings suited 


i 
- 


IRON AND STEEL 


particularly to the load and the speed. There is ample space for 
both these conditions in the backed-up type of mill. 

High speed introduces serious complications in roller bearings 
as well asin other types. Small thrust bearings made some years 
ago for a machine which was to operate at 3600 r.p.m., and which 
were made at a tolerance of only 0.0001 in., gave a peculiar sort 
of musical note when up to speed. It happened that the rotative 
speed of the machine corresponded with the natural harmonic- 
vibration cycle of the bearing, with the result that at that exact 
speed the sound was caused. Several of these harmonic points 
may be reached by such a machine in getting up to speed, whereas 
a slight variation in some of the parts may remove any cause of 
trouble resulting from harmonic vibration at the designed speed. 

Roller bearings of short roller length, used on some equipment 
in which the balancing of the machine left comparatively little 
thrust on the bearing, developed in one instance a most peculiar 
situation. The rotative speed of the bearing was such, in relation 
to the rotative speed of the individual rollers, as to produce a 
gyroscopic action. This tended to up-end the rollers, which, 
under the light load they were carrying, became slightly dis- 
placed. As a consequence, both ends of each roller were worn in 
conical form, with one end bearing on the upper race and the 
other end on the lower race. This condition was corrected by 
putting more load on the bearings. 

A large hydraulic turbine, with a load of 400,000 Ib. on the 
roller thrust bearing, began to emit a musical note at 30 r.p.m. 
This increased in pitch all the way up to the designed speed of 
94'/, r.p.m. Investigation showed that this note was produced 
by the rapidly alternating tension and compression of the rollers 
setting up molecular vibration. 

Rapidly alternating tension and compression in the material 
of roller bearings constitute more severe usage than is customarily 
experienced in the working parts of other machinery in which the 
alternate application and relieving of only one kind of stress is 
encountered, either tension or compression. It is well known 
that the extremely rapid repetition of stress alternating from ten- 
sion to compression produces early fatigue. On account of this 
severe nature of stressing, the loading of roller bearings is fre- 
quently limited to only 1 per cent of the static load which could 
produce rupture of the parts. 

Usually an exceptionally heavy load in a machine is only of 
intermittent occurrence. There is a short period of rest between 
each application of the heaviest load and the next. Under these 
conditions a heavier load may be imposed upon a roller bearing 
than when the maximum load persists continuously, as in the 
case of the hydraulic turbine, where the deadweight of the 
rotating elements does not change. 

Hydraulic turbines mounted on roller thrust bearings show 
such low resistance to rotation that even minute leakage of water 
through the closed guide vanes which surround the runner is 
sufficient to operate the turbine at considerable speed. In- 
variably it is necessary to provide means for holding the turbine 
rotor against rotation. This is accomplished sometimes by 
exciting the field of the generator, which may be coupled to the 
turbine, or the rotor may be held by some form of mechanical 
brake. This is in striking contrast to a friction disk bearing 
which has a very high coefficient of friction at the moment of 
starting. Water turbines equipped with such friction bearings 
often require 90 per cent of full gate opening to set the turbine 
in motion. 

Simplicity and massiveness are the most modern features of 
machinery design. They are characteristic of all that is best 
practice, both being required for heavy loads and for high speeds. 

Some of the most trivial matters from the design standpoint 
must receive careful attention if an anti-friction bearing is to 
be successful. Ordinarily the big things have an uncanny way 
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of looking after themselves, much on the order of Benjamin 
Franklin’s dollars when his pennies were watched. If a ball 
bearing has one ball as much as one-ten-thousandth of an inch 
larger than its mates, the bearing will fail to give satisfaction. 

Three essentials characterize the building of roller bearings 
today: The first is steel of proper composition and properly 
manufactured for both rollers and races. The second is accurate 
temperature in the heat treatment of the finished parts, which 
customarily must be kept within plus or minus 8 deg. of the 
specified temperature, and should be kept within 3 deg. The 
third is the extreme precision of the final finishing on the grinding 
machine. 

For speeds as high as 400 or 500 r.p.m., it is strongly felt that 
the inner races should be locked in position on the roll neck. 
This may be done by clamping, by a shrink, press, or tapered fit, 
or by a combination of these methods. If this is not done, wear 
and scoring may result between inner race and journal. But 
with any type of bearing requiring endwise adjustment, the race 
must be free to slide on the neck. 

Both tapered and straight cylindrical roller bearings are likely 
to find a place in rolling-mill work, for each presents certain 
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advantages. But the results so far are not in sufficient detail, and 
particularly not yet in definite enough contrast to make possible 
intelligent selection of the one rather than the other. 

In either case it probably will pay to install over-capacity 
anti-friction bearings for this service. Though they are costly, 
mill delays are far more so. And it is much better to face a high 
initial investment in bearings which will stand up for a long 
period than to have expensive mill delays and the more frequent 
replacements which might naturally follow the installation of 
bearings of smaller capacity. 

Centrifugal casting machines in use in the United States Ar- 
senal at Watertown, Mass., operate at from 1000 to 1500 r.p.m. 
These are mounted on roller bearings of special design and are 
subjected to heavy loads. The rollers supporting the rotating 
barrels are mounted on heavy-duty self-alining bearings. On 
the larger of the two machines the rotor alone weighs 24,000 lb. 
Adding the weight of the chill mold, the refractory, the molten 
metal, the weight of the top rollers, and the force on the top 
rollers exerted by springs, the total load on the four lower rollers 
becomes 50,000 lb. In this case a good deal of experimentation 
was necessary to determine the proper size of bearing and best 
method of lubrication. 

Anti-friction bearings have been introduced widely into the 
mechanism of gun carriages. The lower pintle thrust bearing 
for the United States 14-in. railroad mount—by far the most 
powerful gun used by either side on any front during the World 
War—has 34 balls 4 in. in diameter in hardened steel races having 
a diameter of 51!/, in. at the center of the balls. The traveling 
weight of this mount is 730,000 lb. The races and balls are made 
of chrome-bearing steel, hardened and ground, with a Shore 
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scleroscope hardness of 90 or above. The races are capable of 
carrying a sustained load of 100,000 lb. on one ball, applied at any 
point in the circumference of the groove. Each ball will stand 
a load of 100,000 Ib. when placed between the finished races 
without showing any permanent deformation or surface cracks. 
Tests on these balls by the three-ball method showed that a 
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Fie. 2 Section oF Lower PINTLE Turust BEARING oF 14-IN. 
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(Diameter at center of balls = 51'/s in.) 


4-in. ball would crush at a load of about 1,024,000 Ib., giving a 
factor of safety of above 10. 

On this same railroad mount for a 14-in. gun it is necessary to 
raise the entire mount so as to obtain clearance, in transit, be- 
tween the rails and the lower base plate. This again must be 
lowered to permit firing on a permanent emplacement or for 
removal of the trucks. Raising and lowering are accomplished 
by means of four screws of high-grade steel, operating in bronze 
nuts. The thrust is taken up by four conical roller thrust bear- 
ings on which the total load is 672,000 lb., or 168,000 lb. on each 
bearing. 

These bearings were tested for the designed load in pairs on a 
specially devised fixture. The coefficient of friction was found to 


be 0.004 for the two bearings, or 0.002 for one. These bearings: 


had to be made with almost mathematical precision. The 
scleroscope hardness specified for rings and races is from 80 to 
90, and for rollers, from 78 to 80. The steel used has about 1 per 
cent carbon and from 1.20 to 1.50 per cent chromium. 

The heavy roller thrust bearings of the 16-in. barbette gun car- 
riages in the United States coast defense carry a load during firing 
amounting to 2,380,000 lb. This is the weight of the rotating 
parts plus the component of the firing load (from recoil) at a 
gun elevation of 65 deg. In this case the mean diameter of the 
lower race is about 28 ft. Complete success of the bearings 
under these enormous loads is reported. A great many rounds 
have been fired at all angles of elevation without trouble arising 
from the bearings. 

Perhaps the most severe stresses to which roller bearings have 
been subjected in ordnance design are those in the trunnions of 
cradles in which the gun slides in recoiling. Anti-friction bear- 
ings in these trunnions have been applied for heavy duty in gun 
carriages for guns from 3 in. up to 16 in. bore. The object has 
been to accomplish elevation or depression of the gun’s axis in 
the shortest possible time. 

By the introduction of levers and fulcrums with springs, in 


conjunction with roller or other anti-friction bearings, it is 
possible to manipulate the tipping parts with perfect ease and in 
a minute interval of time. These parts consist of the gun, the 
cradle, the recoil cylinders, and other details which rotate around 
the trunnions of the cradle. In the case of the 16-in. gun on a 
barbette carriage, the deadweight of these parts amounts to 
500,000 Ib., distributed half on each trunnion. The roller bearing 
for this use measures 13 in. in outside diameter and has an axial 
length of 7in. There are 16 rollers 1!/, in. in diameter and 5 in. 
long between the two races. The trunnion is 7 in. in diameter, 
while the roller centers are on a circle of 10 in. diameter. 

Somewhat similar in general arrangement and applied in 
duplicate are the roller bearings at the lower end of the raising 
screw for the 14-in. railroad mount. The two sets of bearings 
are located either side of the elevating screw, which is hinged at 
the bottom. During the process of raising or lowering the gun 
by means of two such screws, one either side of the breech, a 
slight movement is created around the center of the hinge. Plain 
bearings were provided originally for this purpose. Friction in 
operation was so great, however, that it finally became necessary 
to introduce roller bearings so as to prevent bending of the screw. 

As the space for the introduction of anti-friction bearings here 
was very limited, it was necessary to crowd in as many rollers as 
possible without using a cage. The rollers are practically in 
contact with each other all the way around. The movement is 
very slight, amounting to only a few degrees at most, and tests 
have demonstrated that the trouble originally experienced with 
plain bearings has been entirely eliminated. Each of these 
bearings is subjected to a load of 70,000 lb. 

Aside from the few tests which have been made by bearing 
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(Outside diam., 59%/;in.; inside diam., 27 in. Rollers are 4 in. in diameter 
and take a thrust of 3,000,000 Ib. at a speed of 50 r.p.m.) 


manufacturers, some of which are summarized in this paper, the 
mill operator is almost without definite knowledge of the actial 
pressures involved in rolling steel of various kinds and under 
various drafts and sections. Before we can, with safety, assuine 
the responsibility of fixing the size of a bearing to be used in a 
mill designed to roll a definite section at a determined draft aud 
speed, tests of endless variety may be required. Only one labo- 
ratory exists in which such tests can be made—the existing steel 
mills. 

This problem of knowing accurately what loads anti-friction 
bearings must be prepared to take is of greater importance to 
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the designer and the manufacturer of the bearings than is any 
question of power saving. Sixty-nine pressure tests made by one 
bearing maker indicate clearly that far greater loads are imposed 
upon roll necks than have been assumed on the basis of empirical 
determinations. 

Some of the pressure tests on bearings have shown the maxi- 
mum loads to which the roll neck may be subjected in operation. 
As the maximum load may occur only at long intervals, and, 
further, as it may be only momentary in application, it does not 
furnish a wholly satisfactory figure for the designer to use. 
Neither, in fact, does the average load, for the bearing must be 
fully capable of taking an overload which may in some cases be 
severe. Just where, between the maximum and the average, lies 
the load proper to use for designing is for future experiments and 
experience to determine. 

While the necks and brasses in mills with plain bearings are 
undoubtedly taking greater loads than they were designed for, 
merely an extra brass upkeep cost, added to the overall rolling 
charge, results. Neck breakage is probably not increased, or very 
slightly at most, because the material in the rolls can ordinarily 
take far greater loads than those which it was originally calcu- 
lated would come upon them. 

But it would spell disaster to subject a roller bearing to an 
overload of 100 or 150 per cent above that for which it was de- 
signed. This makes it increasingly important for the bearing 
designer to know what the roll-neck loads will be, and of far 
greater moment than a guarantee of power savings. Such a 
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possibility of exact knowledge is still far away—perhaps several 
years—but it is an essential to rational design. 

Tests and theoretical calculations tell us approximately what 
the operating loads on roll-neck bearings are. In selecting a 
bearing for a particular service it is important to note that there 
will be a definite relation between the average working load and 
the life of the bearing, as expressed in revolutions. Establish- 
ment of this relation is of great value in problems of design. It 
will in many cases determine the desirability, from the economic 
standpoint, of making the application. 

For maximum load-carrying capacity in a given space, one 
manufacturer found best a bearing which is full of short rollers 
and without a retainer. Such a bearing is limited to fairly low 
speeds, perhaps not over 300 r.p.m. But heavy-duty appli- 
cations seldom exceed that speed. This maker finds it more 
practicable to use two rows of short rollers, side by side, than 
a single row of rollers with length about twice their diameter. 
The two-row arrangement gives a little more flexibility and pre- 
vents rollers from breaking at the ends through their axes be- 
coming slightly out of parallel with the axis of the shaft. 

As journal roller bearings (cylindrical) will not hold a shaft 
endways, some other means must be provided for end location. 
Where there is no thrust and the speed is low, this may be done 
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with plain faces or by hardened steel buttons let into the end of 
the shaft and the end covers of the housings. In other cases 
a location bearing of the annular ball type may be used. For 
continuous thrust, a double ball thrust bearing must be employed. 
Protection from dust and moisture is essential. Angular-con- 
tact bearings, either ball or tapered roller, can of course take care 
of axial stabilization as well as of the radial loads. 

Loads which may safely be put on these roller bearings vary 
considerably with the conditions under which they are required 
to operate. It seems safe to assume that a roller bearing will 


Router BEARING FOR NEcK oF Back-Up Ro ut oF Four- 


HicH 


(Bearing is 35'/: in. O.D., 16 in. wide, and has rollers 3'/2 in. in diameter. 
Net weight of bearing, 3200 1b. Load imposed at speed of 40 r.p.m., 
4,000,000 Ib.) 


Fic. 5 


Fic. 6 CaGe anp EvLemMent or 4,000,000 Ls. Capacity FoR 
JouRNAL BEARING oF Four-Hien 


carry at least 50 per cent more load than a ball bearing of similar 
dimensions. In spite of all load tables, however, the capacity 
of a bearing cannot be definitely reduced to a formula, for no 
formula can take into account adequately the effect of varying 
conditions. Experience with plain bearings does not help, for 
the substitution of rolling for sliding friction changes the problem 
completely. 

For certain classes of work it is desirable to have a bearing with 
a spherical seat which will adjust itself to any slight want of 
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alinement in the supports in which it is mounted. Such a bearing 
should be simple in design, and the provision for self-alinement 
must not in any way diminish its load-carrying capacity. 

Vital factors in designing bearings stated recently in connection 
with bronze bearings for heavy duty, will apply also for the most 
part to roller bearings. These include the following: 


Horsepower to be transmitted 

Revolutions per minute 

Load per square inch of bearing area 

Character of workmanship in machining parts 

Type of material used and its hardness 

Whether grinding to accurate measurement is to follow 
hardening 

Proper allowance for oil film - 

Kind of lubrication to be used 

Lubricating device (if any) to be employed 

Type of service—intermittent or continuous 

Consideration of the heat to be developed by friction, and 
its proper radiation and control. 


Variation in pressure between rolls, for different diameters of 
rolls, indicates the desirability of minimum diameters for working 
rolls on backed-up rolling mills, either cluster or four-high. The 
limitation in this direction is the strength of the neck or wabbler 
end, which must be of sufficient size and strength to transmit the 
power required. This diameter established, the load on the 
bearings of the backing-up rolls is a direct function of the pressure 
between the rolls. Assuming roller bearings on the backing-up 
rolls, which bearings are almost frictionless, no account need be 
taken of their friction load in determining the torsional strength 
of the driven working-roll necks. 
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On the other hand, assuming plain bearings on the backing-up 
rolls, some 40 per cent of the input power goes into the friction 
of these bearings. Aside from the extra power requirement—an 
economy item—there result necessarily larger working-roll necks 
to transmit this added frictional power. This means proportion- 
ally larger-diameter working rolls and less efficient rolling effort. 
Larger working rolls mean heavier bearing loads (for those rolls), 
which in turn cause more bearing frictional power losses. 

Thus the desirability of the roller bearing arises in no small 
degree from the fact that its use permits smaller working rolls, 
reduces actual bearing loads, and eliminates bearing brasses. 


OPERATING CONDITIONS AND REQUIREMENTS 


Continuity of manufacturing operation is today one of the 
most important elements in our industrial fabric. Continuous 
processes, particularly where operating with a long train of equip- 
ment, give economies not possible under the old conditions. 
Interruption to this continuity is bound to be exceedingly ex- 
pensive. A large plate mill installed in Eastern Pennsylvania, 
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for instance, has a charge of $90 an hour for interest, etc. against 
every operating delay. It is evident that even a 15- or 30-minute 
shutdown to replace a brass on a $3,000,000 mill, if recurring 
frequently, is something which industry cannot permit. 

Some things can be done with roller bearings which cannot t 
done to anything like the same degree and at the same cost o 
machines equipped with plain bearings. This is particularly tru 
under present exacting specifications for accuracy and qualit: 
Not so long ago automobile body sheets were permitted a tole: 
ance in thickness of 0.005 in.; this has now been reduced to 0.001 
in. Such accuracy can be obtained only with the greatest diffi- 
culty and high cost with the old equipment. Many units cannot 
produce it at all, but the requirement is easily met on modern 
units having roller bearings. 

One fine feature of cylindrical roller bearings lies in the fact 
that, although occasionally a roller will break, usually it is not 
known that any breakage has occurred. The mill may be tied 
up an hour with a serious cobble and the bearings so strained in 
producing this cobble as to break one or more rollers. But the 
mill will run after the cobble just about as well as before, and, 
unless some other incident requires opening up the bearing, the 
breakage is not likely to be discovered until the annual or semi- 
annual overhauling of the machine. 

This is a most invaluable characteristic. Other types of 
bearing will get hot under these conditions, will burn or crack and 
go out of commission, making a shutdown compulsory. But 


. 
ay . 
: 


IRON AND STEEL 


in a well-designed cylindrical roller bearing the cages are suffi- 
ciently rugged to hold thy parts together and thus prevent any- 
thing from dropping out: 

This is not so with ball . earings or with tapered roller bearings. 
A tiny piece may chip off the race. Each ball as it travels past 
will drop into the hole, gerhaps enlarging it, and presently the 
balls themselves will beg... to disintegrate. It may be only half 
an hour before the bearing is out of commission. The cylindrical 
roller, however, which ngakes what is theoretically a line con- 
tact in place of the point contact of the ball, bridges across the 
injured portion into which the balls would drop. However, if 
the cage is made in a flimsy manner, the roller bearing will give 
trouble under such conditions. If anything breaks, the whole 
thing collapses, production stops, and deliveries are delayed. 

Quick delivery of goods has come of late years to have an im- 
portance analogous to that of price. A steady flow in and out 
makes it unnecessary to maintain large inventories, and has 
made possible the present manufacturing practice of running on 
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very short supplies of parts in process. Right here is where 
continuity in the production of these parts assumes its supreme 
importance. 

Sometimes anti-friction bearings have been reported as over- 
doing the work required of them. This has been observed when 
they have been placed on the trucks of overhead electric traveling 
cranes. An operator accustomed to depending largely upon the 
friction in the truck in stopping his crane at the desired point, 
finds the crane equipped with roller bearings running far past 
that point, because insufficient braking effect is applied. This, 
however, is a matter of training of cranesman and can easily be 
overcome. 

What is of more importance, especially where the traveling 
motor is at one end of the shafting, is the great torsional de- 
flection in that shafting when there is a considerable amount of 
friction to be overcome. In cranes of long span that deflection 
has sometimes exceeded 180 deg. and in extreme cases has reached 
360 deg., or a complete revolution. This means that the wheels 
at one end of the bridge have a large start over those at the other 
end, with corresponding racking of the bridge structure and 
generally bad operating conditions. 
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In rolling sheets or strips any change in the shape of the roll 
due to heat is important. Heat is conveyed to the roll from the 
material being rolled, and from the heat generated in brass or 
babbitt bearings. By the use of anti-friction bearings on sup- 
porting rolls, the heat in the necks is reduced to a more or less 
fixed quantity and the operator has only to shape his rolls so that 
they will adjust themselves to the accumulated heat derived from 
the material being rolled. This tends to make it easier for the 
operator to maintain the shape of his mill. Because of the thin- 
ness of the product, this matter is of a greater importance than 
when rolling heavier sections. 

Large-diameter backing rolls on cluster mills and four-high 
mills are depended upon to stiffen the working rolls and to limit 
their deflection, so as to produce a rolled strip or sheet with a 
minimum amount of variation between center and edge. When 
the supporting rolls are equipped with roller bearings, less adjust- 
ment is required to maintain the gage of the strip, as the operator 
has only to watch the wear on the roll surfaces, and does not have 
to make allowance for wear on the neck bearings. With this 
equipment, properly designed, it is possible to roll strip or sheet 
steel practically without a “high center” and without crowning 
the rolls. The great diameter of the backing-up roll in relation 
to its length minimizes deflection of the working roll and enables 
the mill to produce the desired result. Roller bearings on the 
backing-up rolls make possible a high uniformity of gage, longi- 
tudinally, on many pieces rolled in succession, because the wear 
in the bearings is negligible. 

There seems to be no question that a sleeve bearing, when 
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first installed, will turn out material equally close in tolerance 
to that made when anti-friction bearings are employed. But 
the wear on the plain bearings is so much more rapid than on the 
anti-friction type that its tolerance changes more rapidly. Un- 
der these conditions the mill with the sleeve bearing demands a 
great deal more attention and adjustment. Plain bearings, of 
course, do not wear down equally, and some retain their forms 
longer than others. Nevertheless the general statement that they 
wear much faster than roller bearings probably will not be dis- 
puted. 

Owing to the fact that working rolls of small diameter effect 
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like reductions with less pressure than rolls of large diameter, 
as there is a smaller arc of the circumference in contact with the 
material being rolled, they have found great favor among pro- 
gressive engineers and are fast being adopted for rolling many 
classes of materials. As these small-diameter rolls are not of 
sufficient stiffness in themselves, they must be supported by rolls 
of larger diameter. 

Mills of the backed-up type operating with brass or babbitt 
bearings are in successful operation today, producing material in 
wide widths and of great accuracy. They have, however, two 
disadvantages—large power consumption, from the high bearing 
pressures, and the fact that in some instances it is advisable to 
rotate the supporting rolls by means of friction gears to prevent 
any possible tendency for the rotating rolls to stop when the 
mill is running idle, that is, when there is no material being 
rolled. 

It would be impossible, in the opinion of some rolling-mill 


ucts which can be rolled satisfactorily on the older type of two- 
high mill without undue power drafts. In such cases, particularly 
under present steel-mill operating conditions of frequent roll 
changes, brought about by the “short orders” of ‘“hand-to- 
mouth” buying, the installation of roller bearings might not be 
justified. Against their manifest advantages must be set the 
higher cost of roll changes in sets where they are employed. If 
analysis shows that the latter is likely to exceed the savings 
expected from their use, the lower initial cost of present equip- 
ment may well be decisive. 

Three pairs of roller bearings of special design are used in a 
large steel mill for as many sets of vertical rolls. In addition, 
duplicate sets are kept on hand to be inserted in the mill when 
the rolls in use require dressing, thus avoiding excessive delays. 
In this case each roll has the roller bearings incorporated with it, 
and, together with the roll, the bearing revolves about a fixed 
shaft. The rolls are not positively driven but derive their rota- 

tion from the metal passing 
s* through. In this mill the space 
available for these rolls was very 
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engineers, to roll material up to 42 or 48 in. wide in the thin 
gages and to the close tolerances now required without the 
combination of small-diameter working rolls backed up by large- 
diameter supporting rolls, except by accepting prohibitive horse- 
power loads. It would be necessary to use, for the wide, thin 
material, rolls of extremely large diameter to prevent excessive 
springing of the rolls. The power required to drive these big 
rolls, because of the increased radius from the roll axis to the work 
and the enlarged are of contact with the material, resulting in a 
much greater area of contact with steel being compressed and 
elongated by the rolling action, would increase beyond practical 
limits. 

Thus the small-diameter working roll, backed up by one or 
more larger rolls, has been adopted for rolling wide, thin mate- 
rials. By their very design and construction mills thus built 
avoid the space limitations around roll necks existing in regular 
two-high and three-high mills. It was quickly recognized by 
mill builders and roller-bearing manufacturers that here was an 
ideal opportunity for them to cooperate in applying roller bear- 
ings. And thus the activity of the bearing manufacturers in 
applying roller bearings to mill necks coincided with the reintro- 
duction of backed-up rolls for mills rolling sheets and strip steel. 

These advantages derived from the use of roller bearings be- 
come, in extreme cases, real necessities. Without them the 
rolling of certain products to established tolerances becomes 
virtually impracticable. But there still is a wide range of prod- 


them having served in the rolling 
of 155,000 tons of steel. Afte 
twenty months of operatio: 
there is no suggestion for th 
betterment of this particular 
equipment. No time has been lost in the mill from roller-bear- 
ing trouble. 

Great care must be exercised, however, in keeping the bearings 
in perfect order. This involves proper alinement, accurate 
clearances, suitable lubricants, and the prevention of foreign 
particles from getting into the bearings. It is considered most 
important that these bearings should be kept filled with grease 
at all times. To insure this, a small portion should be wasted 
by overflow, which automatically eliminates any foreign particles 
that may have gone in with the grease. 

One objection to the use of roller bearings from the operating 
standpoint lies in the fact that they cannot be built of the split 
type. Instead of lifting out the upper half of the bearing, as 
with sleeve bearings, the mill coupling must be pulled off and the 
whole bearing removed whenever a change is required. This 
involves a great deal of time and expensive labor, and is an item 
which must be set against the definite advantages which anti- 
friction bearings have. 

In the four-high mills the backing-up-roll diameters may be 
established without regard to any factor except the space re- 
quirements of the roller bearing. In fact, the greater this di- 
ameter the better suited is the big roll to hold the working roll 
from deformation. It was the perfection of this combination 
which started the recent and remarkable change from the long- 
established practice for producing wide, thin metal products. 

Freedom from shutdowns for repairs is one of the chief ad- 
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vantages derived from the use of heavy-duty roller bearings. 
On some mills it has been found necessary to re-babbitt bearings 
as often as every 8 hours, while properly applied roller bearings 
frequently do not have to be replaced more than once a year. 
When rolling continuously it is essential that the bearings stand 
up to their work to avoid having to shut down the whole mill 
for replacements. 

Decided advantages in maintaining accurate gage in finished 
stock without frequent adjustment of the screwdowns, are 
obtained by reason of the lack of wear in properly designed 
roller bearings. It is believed that when a sufficient time has 
elapsed to permit quantitative comparisons in maintenance costs, 
a material saving will be shown here also. 

Failures of anti-friction bearings are due in 99 cases out of 100 
to gross abuse. This is usually neglect, although it may involve 
a certain element of ignorance as well. 

It has been the experience of those who have designed and in- 
stalled numerous mills of the backed-up type in the past five 
years that trouble with backing-up rolls and their roller bearings 
is practically nil. The selection of bearings, as to loads imposed, 
was guided by exhaustive tests and research. Nevertheless the 
application of roller bearings to mills of great size was a venture 
on the part of both the mill builder and the roller-bearing maker. 
But even the pioneer mills so fitted have found that the appli- 
cation provided a substantially correct solution of the design 
problems involved, and later experience has placed the mills on 
the high efficiency plane they now occupy. 

In the final analysis, most of the trouble which has been ex- 
perienced with roller bearings that have proved unsatisfactory— 
mainly in hot-mill applications—has been the result of trying to 
apply bearings which were not really suited to the loads involved. 
Much of this has, in turn, come from the difficulty and expense of 
changing existing equipment to permit the installation of bearings 
of more ample capacity. Inertia on the part of management, or 
a desire to avoid a portion of the necessary expense attending an 
adequate installation, may be the source of responsibility here. 


SAVINGS IN PowER CoNSUMPTION 


Power costs in the great majority of cases are not a considerable 
item. Power is relatively cheap, and a small individual draft of 
power by a given machine is not noticeable in the month’s balance 
sheet. But in some cases power is a considerable factor. Ina 
rolling mill, for instance, where power costs $80 to $100 a year 
for each kilowatt, a saving of 10,000,000 kw-hr. annually means a 
great deal. Such a saving would pay for anti-friction bearings 
very quickly. 

One of the largest sheet mills in this country has six sets of 
continuous mills with sheets running through at a rapid rate. 
It is believed that the power saving in a year in that mill due to 
the use of anti-friction bearings is of the order of $1,000,000. 
Yet even here the most important advantage is the ability which 
the bearings give the mill to roll with economy an accurate prod- 
uct, for that is what it has to sell. Thus anti-friction bearings 
in certain cases change an expensive operation involving a dozen 
or more passes into an easy task involving but one or two. 

Power saving may approximate 50 per cent in a cold mill and 
at the finishing end of a hot mill, where the power requirement is 
greatest. That is, equal tonnages of like sizes, rolled from like 
slabs, require only about half as much power in a roller-bearing 
mill of the backed-up type as in a two-high mill with ordinary 
bearings. At the roughing end of the hot mill, where the metal 
is much thicker, this high ratio probably does not apply, but a 
substantial saving is made there also. 

Comparative power-consumption tests on mills run alternately 
with anti-friction bearings and plain bearings have yielded val- 
uable data. Variations in temperature of the steel being rolled 
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have made the tests less directly comparable than might be 
wished, but the information available is being augmented from 
time to time by additional test data. The earliest, and possibly 
the most complete, of these tests were made on a three-high 
16-in. bar mill in Canton, Ohio. Records of the rolling of 279 
billets, in tests made two and a half years ago, showed average 
savings of about 48 per cent. 

In another case a two-high 10-in. rod mill was tested both with 
plain bearings and with roller bearings. With plain bearings 
the power needed without load was 95 hp., increasing to 170 hp. 
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while rolling steel. With roller bearings the no-load requirement 
was only 20 hp., and 95 hp. while rolling steel. Here the saving of 
75 hp. represents 44 per cent of the previous full load of 170 hp. 


LUBRICATION AND CARE OF BEARINGS 


The intensity of pressure at the line of contact between the 
roller and its race is so great that lubrication, in the general sense 
of the word, is impossible. No lubricating medium known will 
keep the surfaces apart. Nor is this necessary in a correctly 
designed bearing in which there is pure rolling, without rubbing 
or slipping of any kind, between the surfaces under load. It 
might almost be said that the rollers themselves take the place of 
a lubricant between the races. But this does not mean that an 
anti-friction bearing will run satisfactorily without lubrication. 
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Something of the kind is necessary to protect the surfaces from 
corrosion and to lubricate the cage containing the rollers. 

The finishing of the surfaces of the rollers and races requires 
the greatest care, and -the selection of the wheels for grinding 
and of the materials used in the final polishing is highly impor- 
tant. The result, in a high-class bearing, is a surface as free from 
indentations and scratches as it is possible to produce com- 
mercially. Such extreme care is the price paid for durability, 
low coefficient of friction, and silence in operation. 

Surfaces with such a high finish are peculiarly susceptible to 
corrosion. Hence the first requirement in a lubricant is that it 
shall be free from acid or alkali. Animal and vegetable greases 
are unsuitable, as they are likely to develop free acids. 

Pure mineral grease, chemically neutral, and of about the 
consistency of vaseline, is most suitable for roller bearings. It 
should not readily absorb moisture and should contain no solidi- 
fying matter likely to clog the bearing or to cause wear. Unless 
a good-quality grease is used, it will be found after a time that 
there is a tendency for the grease to break up, allowing its oil 
content to run out of the bearing and leaving a mass of gummy 
residue which may clog and finally break up the cage and thus 
destroy the bearing. 

If the housing be packed with grease when the bearing is first 
operated, the rollers will free themselves in the first few revolu- 
tions. But the grease will cling to all surfaces not actually in 
contact, and protect them from rusting. One such charge of lubri- 
cant will last for along time. An outstanding advantage of anti- 
friction bearings is that they are very economical of lubricant. 

Under exceptionally high speeds, oil lubrication may be pref- 
erable. In this event arrangements must be made to keep the 
bearings plentifully supplied with oil, and to prevent its rapid 
loss through leakage from the bearing. Choice of the proper 
lubricant will depend upon the-speed and operating conditions 
of the particular application. One roller-bearing maker finds 
that in most cases a heavy mineral cylinder oil is the best lubri- 
cant available for heavy-duty bearings. In any case the expense 
of lubrication is an important item, and one in which the roller 
bearing is likely to show a decided saving. 

Keeping grit, dust, and dirt out of a bearing working to such 
close limits as does the anti-friction type is a matter of extreme 
importance. Many, many devices have been used to this end. 
Two survivors in present favor are the piston-ring seal and the 
labyrinth groove. These are the simplest of the many contriv- 
ances of successful application, and they are cheap. They will 
go for long periods of time without attention, which is a most 
important consideration, because generally they will fail to get 
attention. 

Protecting the bearings against the intrusion of dirt and mois- 
ture is so necessary that, wherever possible, the bearing should be 
completely enclosed. If the shaft passes through the housing 
the end cover (which should be set into the housing to hold it 
concentric) should be kept as broad as possible where it ap- 
proaches the shaft. It should be bored to a fine running clear- 
ance of perhaps 0.01 in. Several small grooves turned in the 
bore of the cover, and filled with grease, will form a very effective 
dust seal. 

Grease has been found generally more satisfactory as a lubricant 
for these bearings than oil. It is easier to retain in the casings 
and it seems to keep water out of them better and to seal the 
closures more satisfactorily. Perhaps no closure will definitely 
retain oil and keep out water. But a felt-ring closure, or a com- 
bination of a felt ring with annular grooves, seems to work very 
well with grease. One reason why many piston-ring closures 
have been found unsatisfactory is that they seem to pump the 
lubricant out of the casing. This may be due to eccentricity in 
the groove in which the piston rings operate. 


RESEARCH AND MISCELLANEOUS MATTERS 


Determination of the loads which are imposed on bearings 
under operating conditions is naturally the starting point of any 
investigation into the suitability of anti-friction bearings for 
various purposes. Several methods of ascertaining these loads 
have been employed, some of which are ingenious. Three of 
the best known are the Brinell test, the hydraulic-cylinder method, 
and the use of a strain gage on a calibrated block. The first 
provides information regarding maximum loads, which may be 
only momentary; the second permits autographic records to be 
taken; the third gives easy readings of the loads. 

With the Brinell method, hardened steel plates and balls are 
used, the impressions of 50 or more balls on one plate being 
measured and checked later against equivalent impressions made 
on the same plate under known pressures in a testing machine. 
The assembled plates and balls being inserted in the roll housing, 
between the top roll necks and the holding-down screws, the 
record obtained from the two ends represents the total load im- 
posed by the rolling process. (The load on the lower roll necks is 
greater to the extent of the weight of the upper roll and of the 
piece being rolled.) But this method is criticized on the ground 
that each indentation represents the cumulative effect of several 
passes of the material through the mill. Unless the plates are 
removed and examined after each pass—an inadmissible pro- 
cedure—their records leave one much in doubt as to unit pres- 
sures. 

A complete record of the load variation at different points in 
the rolling operation may be had from the hydraulic-cylinder 
method of measurement. In this case a cylinder and plunger 
are used, specially designed to fit in the same position as was 
indicated above for the Brinell balls and plates. Glycerine or 
oil transmits the pressure from the space between the plunger and 
cylinder end to a recording pressure gage, where a line may be 
traced on an appropriately graduated chart. This is practically 
a laboratory method, as the equipment is cumbersome. 

Elastic compression in a mass of steel of known characteristics 
is depended on in the third method to tell something of the forces 
involyed. The block is placed under the holding-down screws as 
before. Its record is read by means of a strain gage or extensom- 
eter, giving a ready means of determining the loads in the mill. 
The test block can be calibrated readily in a testing machine, and 
the method, when carefully used, is very convenient and gives 
good gesults. 

Tes$i made on a bar mill equipped with plain bearings showed 
a pressure of from 85,000 to 105,000 Ib. on each neck in fourteen 
or fiftegn successive passes of steel through the mill. The record 
was of by the cylinder method, using fluid to transmit the 
press”. The initial screw-down pressure was found to be 
between 75,000 and 85,000 Ib. on each neck. The conclusion 
was regched that if the test had been made by means of Brinell 
balls, $e pressure thus established would have shown up as 
from 1c.,000 to 190,000 lb. on each neck. 

Experience indicates that the maximum load is not the criterion 
on which the bearings should be selected. It should be based on 
an intejligent understanding of the average load condition, with 
of course due allowance for the fact that temporary pressures 
may be,much greater than the average. 

Figures taken from records of tests on between 10,000 and 
15,000 smaller bearings which were run to destruction over a 
period of ten years have furnished information which has been 
plotted in the shape of life curves. These are analogous to the 
curves on human life which have been developed by insurance- 
company actuaries. With certain factors known, these curves 
may be applied to any type of anti-friction bearing. Certain 
bearings were found to have had very short life. This knowledge 
permitted investigation of the causes responsible for their loss, 
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and has resulted in improved methods of manufacture designed 
to prolong the period of service and thus increase the average 
range of life. 

Tests similar to these were made on a billet-piercing mill in 
a seamless-tube plant, to permit designing roller bearings which 
would eliminate the high replacement costs experienced with 
plain bearings. This cost, for bearing brass alone, was about 
$1000 a month, and much labor and maintenance cost in addition 
was demanded. The new bearings provided the remedy, and, 
after 10 months of service, are said to be still in excellent con- 
dition. Power savings in this case were less than are frequently 
found in mills of the more usual type, but still ran as high as 25 
per cent on certain sizes of tubes. 

Strip steel to close tolerances is being produced commercially 
30 in. wide by No. 16 gage. The width here is about 480 times 
the thickness. Some of the widest plates being rolled on an un- 
usually large plate mill (four-high) are as much as 192 in. wide 
and as little as */s; in. thick. This ratio is about 512 to 1. 
But some cluster mills are operating on nickel and monel metal, 
using plain babbitted bearings, to produce cold-rolled sheets of 
high quality. Sheets have been made on this mill 36 in. wide and 
0.025 in. thick, giving a ratio of 1440 to 1. It is said that these 
sheets will show no variation of over 0.001 in. 

The use of backed-up rolls of unusually small diameter, which 
easily penetrate into the metal being rolled, is believed by some 
engineers to constitute the real value of this type of equipment. 
They require considerably less power for rolling than do the 
larger-diameter rolls customarily used, and should be credited 
with their share of this result instead of assigning all the credit to 
the roller bearings. 

Another item to be considered is the fact that with the in- 
creasing use of anti-friction bearings in rolling-mill practice we 
are rapidly approaching the time when more accurate workman- 
ship will be required in preparing the rolls. Instead of using a 
two-foot rule, micrometers will come increasingly into play. 
Proper conditioning of the roll neck is an important matter. 


QUESTIONNAIRE 


Under the auspices of the Association of Iron and Steel Elec- 
trical Engineers a questionnaire was sent out last spring to de- 
termine the position of steel-mill engineers with regard to the 
application of anti-friction bearings to roll and pinion necks. 
Some of the results of that questionnaire are given in the following 
paragraphs. 

Roll necks, in general, can be reduced in size if anti-friction 
bearings are applied. The point of application of roller bearings 
is closer to the body of the roll than in the case of plain bearings. 
An exception was noted, however, in the case of hot plate and 
sheet and tin mills. Present neck diameters are large, often over- 
size, to minimize bearing pressures and, in some cases, to limit 
heating and cooling strains. The chief causes of neck breakage, 
in the order of their occurrence, are heat cracks, poor lubrication, 
bending, and defects in rolls. 

Backlash presents quite a problem because its elimination by 
means of drags would materially reduce the power savings 
afforded by anti-friction bearings. Ordinary coupling-box fits 
in many cases cause serious backlash. Better-fitted finish on 
coupling boxes and wabblers would help but not cure this 
condition. Such fits would have to have clearances estimated 
variously at from to in., with in. generally favored. 
Universal couplings would be preferable to finished boxes and 
wabblers, except perhaps for small bar mills. 

The prevention of dirt working its way into the bearings is one 
of the most serious problems. 

Proper lubrication of the bearings must be worked out in a 
simpler, yet reliable, manner. 
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That there is virtually no wear on roller bearings, either trans- 
verse or longitudinal, will, it was reported unanimously, elim- 
inate much trouble in mill operation and prove of great value. 
It will help the mills to roll more accurate products. That 
it will lengthen the time between roll dressings is doubted. 

The chief limitations to the installation of anti-friction bearings 
for this service were given as lack of necessary space on old 
mills, limits to roll dressing, high cost of equipment, and—mental 
inertia. 

Some of the disadvantages of such bearings were listed as the 
increase in time required for changing rolls, inability to take 
end thrust, and inability to obtain full life out of rolls on small 
three-high shape mills. 


GENERAL CONCLUSIONS 


The application of roller bearings to the backed-up strip mill 
is still too close to the experimental stage to permit drawing any 
definite conclusions as to what its final form will be. In one case, 
where the finishing stands are run at very high speed, certain 
things have been observed which might not apply equally or 
at all to a backed-up cold-rolling mill or to a hot mill of lower 
speed. 

Here the temperature of the material rolled seems to have very 
little effect on the temperature of the roller bearings of the back- 
ing-up rolls. The water used on the rolls to keep them from un- 
due heating is evidently enough to insulate the bearings from the 
heat of the bar. In any event these bearings, which operate at 
an average temperature of between 100 and 125 deg. fahr., are 
not bothered from this source of heat. No cooling water is 
used on the bearing casings. 

How much load a roller bearing will carry, and how long it will 
carry that load satisfactorily, are not yet known. It is com- 
paratively easy to determine the load which ordinarily comes on 
a roll neck. But there are excessive momentary loads far higher 
than this, and it is a very difficult matter to design a bearing which 
will carry these loads satisfactorily for a considerable time. The 
trend has been along the line of making bearings larger and 
larger with each new mill. That this is an empirical method of 
attacking the problem, no one can deny. But it has resulted in 
developing equipment better suited to long life and inexpensive 
maintenance than would have been obtained by less bold design. 
So far we have not been able to determine exactly what does fix 
the size of a roller bearing. 

Steel-mill engineers who have adopted roller bearings for rolls 
on backed-up mills, and who recognize their great utility for that 
purpose, do not favor their indiscriminate use elsewhere. As 
one such engineer puts it: “The present state of development 
in roller bearings for main mill rolls does not warrant our con- 
sideration of them except in cases beyond the limits of the two- 
high mill.” 

Wherever roller bearings have been installed on rolling mills, 
it is the gener | opinion that they have paid for themselves where 
they have operated successfully. Where they did not operate 
successfully, they created sufficient interest in their possibilities 
so that their application is being considered on new equipment so 
designed as to overcome space limitations and permit their satis- 
factory introduction. 

This paper has been put together mainly for the purpose of 
eliciting discussion of a subject which is relatively new. From a 
frank interchange of ideas all should benefit. The matter pre- 
sented has been compiled from a considerable variety of sources, 
and the experience of many men has been drawn upon. But it 
is recognized that the paper merely opens up a topic which is to 
have an immense future, and which it barely surveys, with in- 
adequate instruments and little of the detail which later analysis 
will provide. 


ag 
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Discussion 


C. W. Bennetr.? From the viewpoint of a sheet-rolling mill 
operation, the conclusion of the excellent paper appears partic- 
ularly apt wherein the author says, “The application of roller 
bearings to the backed-up strip mill is still too close to the ex- 
perimental stage to permit drawing any definite conclusions as 
to what its final form will be.”’ As a matter of fact, this appli- 
cation is still in the experimental stage, and it is too early to 
hazard a close estimate of ultimate advantages and economies. 
As stated in the last paragraph of the paper, the information and 
experience cited have been drawn from many sources. Some of 
the conclusions stated or inferred probably are applicable to 
certain types of bearing installations and quite inapplicable to 
others. 

The paper has included in its scope a field so broad that it would 
seem little of real worth can come from a generalized discussion 
of specific applications. It may be accepted, however, that the 
heavy-duty roller bearing as applied to rolling mills is a definite 
forward step in rolling-mill development and that in due course 
design will become adapted to requirement. The statement re- 
garding high sheet-mill cost appears out of line with ordinary 
practice for bearing maintenance and lubrication, since the 
combined cost of these two items should not exceed 8 cents per 
ton. The 42-cent cost referred to surely represents some ex- 
traordinary or abnormal condition, some isolated case where the 
high cost responsibility attaches to management rather than to 
faulty bearing design. 

The statement regarding expected fourfold benefits may be 
touched on briefly and rather broadly. 

1 There is probably in most cases a power saving from roller 
bearings, the amount of which varies with the installation. This 
saving for rolling mills is influenced by many variables including 
the type of mill, section rolled, size, capacity of rolls, character of 
heating, finishing temperatures, lineal speed of rolling, and 
whether the mill is continually or intermittently loaded. 

2 It has not yet been determined for wide-strip mills that 
roller-bearing maintenance plus power cost will be less in all in- 
stances than the corresponding figure for old style mills with 
plain bearings. It is probably established that the roller bearing 
permits a latitude in widths and gages not possible to the old 
type mill. 

3 Repair and maintenance charges to date on roller bearings 
for the new type backed-up mills represent in most instances 
some development expense chargeable to experience in the en- 
deavor to meet rolling conditions originally speculative. 

4 Continuity of operation of mills has necessarily suffered 
to some extent in the pioneering referred to, and this, in turn, 
adversely affects power costs. 

It does not seem established as stated in the paper that pressure 
does not vary with speed of rolling. This may be true in some 
instances of light drafts on given sections and probably is more 
applicable to cold-rolling operations. 

It has been found that roller bearings on four-high mills give 
rather prompt warning of internal troubles. A clean break 
radially of a roller or a clean break of an outer race does not 
apparently require immediate change. Shattered rollers usually 
destroy bronze keepers, and small pieces pit the rollers and inner 
and outer races. It is quite true that an ultimate failure may be 
due to cobble or other outside conditions that happened even 
weeks before. Generally, however, it is found that bearing units 
must be renewed from mill within one week of the time that any 
maximum overload occurs. Semi-annual inspection is entirely 
inadequate under these conditions for heavy-duty, four-high mills. 
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The bearings used on mills that are worked hard, say 1,500,000- 
lb. load on each bearing, must be thoroughly inspected and 
cleaned with every change of rolls or every three weeks or less. 

The statement that 99 failures of every 100 are due to gross 
abuse should be qualified in its application to four-high mills for 
hot rolling. The bearing manufacturer and the mill operator 
have a joint interest in developing a design of bearing having 
the overload capacity necessary to withstand the shocks incident 
to rolling-mill usage. It is probably within proper bounds to 
say that roller-bearing journals for rolling mills are now a neces- 
sity especially for rolling wide, thin strips and that they will cease 
to be an operating worry as soon as the facts are established re- 
garding needed capacities to function under the operating con- 
ditions that exist. Where proper capacity units are installed, 
large investments in spare bearings are unnecessary, but until 
the rolling-mill bearing is wholly dependable, continuity of mill 
operation must be protected by a considerable investment in 
spare equipment. The number of spare units is influenced by 
the distance of the mill from the bearing manufacturer and his 
complement of skilled workmen and special equipment for the 
repair of bearings. 

Granting that the heavy-duty anti-friction bearing for rolling 
mills has not yet emerged from the development stage, there is 
no reason to believe that the existing problems of design, lubri- 
cation, operation, and maintenance will not be promptly and 
satisfactorily solved. 


S. M. Weckstern.* The author has brought out a number of 
very interesting points on the operation and advantages of anti- 
friction bearings. I have personally had the privilege of making 
a thorough study of the application of anti-friction bearings in 
various industries. It is quite true that in a large number of 
cases the initial cost of an anti-friction bearing may be less than 
that of plain bearings. This is especially true in the case of pre- 
cision bearings required for the main spindles of precision ma- 
chine tools. The cost of manufacture of the bearings and the 
labor charges involved in the scraping required for the mainte- 
nance of the very fine oil film required for the proper operation of 
the bearings far exceeds the cost of the precision anti-friction 
bearings. This has also proved to be true in care of transmission 
bearings where manufacturers have tooled up to handle properly 
the machining and assembly operations. It is interesting to note 
that, in the case of a prominent machine builder who had stand- 
ardized on the use of anti-friction bearings in his product, it was 
found necessary to use a plain bearing in one position because of 
space limitation. A number of attempts were required by the 
skilled workers in the plant before the plain bearing could be 
made to function properly. 

The author brings out the point that the major economy or 
improvement obtained from the installation of anti-friction bear- 
ings is almost always not the one which is anticipated to have 
major value. The case in point illustrated is that of a Mannes- 
mann tube mill. It will be interesting to cite the advantages ob- 
tained in our own tube mill by the installation of Timken bearings 
on the necks of the main rolls of the Mannesmann piercing mill 
which we are operating. The cost of replacing bearings on these 
main rolls for the year of 1926 was $6059. This includes the 
cost of brass and labor required for replacement, but does not 
take into consideration the overhead charges due to delays be- 
cause of changing rolls and other time lost. In September, 1927, 
Timken bearings were installed at a cost of approximately $1000 
for bearings for a set of two rolls. The bearings have been in 
constant operation to date without any trouble. But even more 
important than the saving obtained due to elimination of bearing 
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replacements and delays is the fact that we are now producing a 
tube which is much more concentric than any we had been able 
to produce up to the time the anti-friction bearings were installed. 
As a result, a new and much larger tube mill, which is being built 
at present for our plant, is completely equipped with Timken 
bearings in all positions. 

In regard to the mounting of bearings on roll necks, it is stated 
that for speeds as high as 400 or 500 r.p.m. it is felt that the inner 
races should be locked in position on the roll neck to eliminate 
wear and scoring of necks. It has been our experience that this 
is a very important matter, and all our4ecommendations at the 
present time require that, regardless of the speed of operation, 
the inner races be locked on the necks. The design shown in Fig. 
10 of the paper is now obsolete. An added advantage of locking 
the inner races on the roll necks, in the case of the Timken bear- 
ings, is that the bearings are enabled to handle properly all thrust 
loads which may occur in the mill without requiring additional 
thrust bearings. Also in the case of rod or bar mills, proper aline- 
ment of passes can be more easily obtained and maintained. 

The author points out that one of the fine features of cylindrical 
roller bearings lies in the fact that, although occasionally a roller 
will break, usually it is not known that any breakage has occurred 
and will not be discovered until the annual or semi-annual over- 
hauling of the mill. In this connection I want to strongly point 
out that no bearing with a broken member, whether ball, cylindri- 
cal, or tapered roller, will operate for any length of time without 
giving trouble. It is not merely a case of strength of cage in the 
bearing. A bearing operating with a broken roller will in a short 
time destroy the inner and outer races due to the imbedding of 
chips from the broken roller. Also, because of that condition it 
is urged that mill operators do not depend upon an annual or 
semi-annual overhauling, but that they install a periodic bearing 
inspection in intervals of not over three months. Since mill 
bearings are rather expensive, this precaution will more than pay 
for itself in a short time. By doing this it may be possible to 
salvage bearings which have not been too badly damaged. These 
inspections can very easily be made when roll changes are made 
without requiring expensive shutdowns. 

With reference to power savings obtained on mills equipped 
with anti-friction bearings, we are making preparations to make 
a complete test on a three-high 35-in. blooming mill, two stands 
of three-high 28-in. bar mills, five stands of three-high 22-in. 
bar mills, and sixteen stands of two- and three-high 18-in. to 8-in. 
continuous rod mill. All of these mills are in operation at our 
plant and have been or shortly will be completely equipped with 
Timken bearings on the main roll necks. In addition to these 
power tests it is intended to make a complete study of the pres- 
sures required in rolling. It is further our intention to make com- 
parative pressure tests using the Brinell method, the hydraulic- 
cylinder method, and the calibrated-block method. At the 
present time it is quite often more convenient to use one method 
in preference to the other because of space limitations or other 
local conditions. By establishing the error in each case the use 
of any one of the methods will be permissible with the assurance 
that a good degree of accuracy will be obtained. 

One of the most important problems to be solved now is the 
lubrication of mill bearings and the maintenance of properly 
sealed bearing chocks. The closures used at the present time, 
consisting of piston rings, labyrinths, and felts, are inadequate 
since they will not completely keep water and grit out of the 
bearings. Grease has therefore been selected as the bearing lu- 
bricant. The grease is put in in excess amounts and forced 
through the closures. In this way the foreign matter is kept out. 
There is considerable objection to this constant grease leakage, 
both from the cost of grease and the poor appearance of the mills. 
However, it is much cheaper to waste the grease than to handicap 
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the bearings. We are at the present time completing tests on 
the use of a special air seal for use as a closure on mills. This has 
proved very satisfactory in keeping water out and keeping the 
grease in. With this seal it will be possible to use oil as the bear- 
ing lubricant, and in the case of hot-sheet mills will permit 
circulating cold oil through the bearings, and thus keeping both 
bearings and necks at the proper temperature. 

Considerable study has been made of the application of anti- 
friction bearings on existing mills. We have found that in most 
cases it is not possible due to space limitation. Where it is 
possible, the cost has been found to be quite high and almost as 
high as the cost of new equipment. In making the change over 
it is usually necessary to cut the diameter of the roll necks. This 
means that new rolls, chocks, bearings, couplings, and spindles 
are required. The housings are saved, but usually require chip- 
ping or remachining for the installation of the new chocks. 

It is impossible as yet to state how long a roller bearing will 
last in the mill. We have some bearings which have been in 
service about two years and have rolled as high as 200,000 tons 
of steel. How much longer they will last cannot be predicted. 
There is no doubt that the bearings have paid for themselves 
several times. 


H. A. S. Howartu.‘ I stand here with my back against the 
wall as a defender of the faith in the adequacy of the oil-film bear- 
ing. I am here, not because we are furnishing bearings for steel 
mills, but. because we represent a development of the oil-film 
bearing that is probably far beyond what is known by a majority 
of the steel-mill engineers. 

I gather that steel men are very conservative, that they do not 
seek much outside advice, and that they hesitate to try new de- 
vices. That conservatism has doubtless operated against them 
in their applications of the oil-film bearing, and it will probably 
operate to some extent against the extended use of roller bearings. 

It happens that at this convention there have been two papers 
on roller or ball bearings. We should not take exception to the 
praise of these bearings, but when they are compared with the 
plain bearing, and the authors say things about it that we cannot 
agree with, we feel it necessary to arise in defense of the plain 
bearing. 

The bearing we know most about is the pivoted-shoe thrust 
bearing, the Kingsbury thrust bearing. I will explain some of its 
attributes and then show that those attributes are inherent also 
in the oil-film journal bearing. 

The best types of plain bearing should be called oil-film bear- 
ings, because no one expects durability from a plain bearing with 
metal-to-metal contact. 

The oil!-film bearing, whether of thrust or journal type, when 
properly designed, built, and lubricated, runs without metallic 
That is easily demonstrable, although it is not realized 
by many people. I have a small model thrust bearing here that 
runs with air only as a lubricant. It shows that complete sepa- 
ration of bearing surfaces can be obtained with light loads by 
means of air as a lubricant. That fact has been known many 
years. Mr. Kingsbury built an air-lubricated journal bearing in 
1890 and ran some wonderful experiments that proved complete 
separation of surfaces and that illustrated the general laws of 
film lubrication. Separation of the bearing surfaces was proved 
by failure of electric current to flow across the film clearance 
space. 

The oil-film bearing therefore, by virtue of complete separation 
of the surfaces, is essentially durable. That is the foundation 
upon which our business was built. For nearly twenty years Mr. 
Kingsbury has been building thrust bearings that do not wear 
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out. We do an insignificant amount of business in the replace- 
ment of Kingsbury bearing parts. When we ship a new bearing 
we expect that it will never come back. 

It is an interesting fact that an application made in 1912, one 
of the earliest applications of the Kingsbury bearing, was brought 
about by the repeated failure of roller bearings of a type illus- 
trated in the paper. The power company was replaci<g some of 
their roller bearings every three months at very considerable 
expense. Hence they were looking for something better. Mr. 
Kingsbury put in one of his patented bearings. It is still in use 
after seventeen years’ continuous service. That hydroelectric 
company now has twelve Kingsbury bearings. Eight of them 
are 48 in. in diameter, two are 56 in., and two are 20 in. They 
took occasion to inspect one of them after three years of use and 
found the wear on it, which occurs at starting and stopping, so 
small that one of their engineers estimated that the bearing would 
last for 330 years. You will understand why I say that properly 
designed and constructed oil-film bearings are inherently durable. 
Durability is a quality they possess by virtue of the complete 
separation of the surfaces by the oil film. 

We believe that the oil-film journal bearing is not as well 
known as it should be. It can be made inherently durable just 
as is the Kingsbury thrust bearing. Hence we believe that steel- 
mill engineers should not discard the plain bearing without 
giving a full trial to its best form, the oil-film journal bearing. 

The matter of durability is very important. It is quite prob- 
able that concerns having to replace bearings every few weeks, 
every few months, or even every year or so, will eventually come 
around to oil-film bearings, because of their inherent durability. 
Comparing the characteristics of the two types of bearings, you 
will find that on the start the roller bearing and the ball bearing 
start much more easily than the oil-film bearing, because until 
it starts to run the usual oil-film bearing has not formed its film, 
and therefore its friction is high. When the importance of the 
application warrants it, the oil-film bearing can be built so as to 
start very easily. It can be made to start with less friction than 
with any other type of bearing. 

During the early stages of revolution, as soon as a complete 
film is formed, the friction coefficient falls very low in an oil-film 
bearing. It goes down below the friction that is inherent in ball 
and roller bearings. 

When the speed gets up to about 100 r.p.m. for a bearing with 
a 20-in. mean diameter, the friction of oil-film bearings and 
roller bearings may be about the same. As the speed increases 
above 100 r.p.m. the friction in an oil-film bearing may go up 
faster than that in a ball or roller bearing, but at the same time 
the oil-film bearing maintains or increases the thickness of its 
film and increases its factor of safety. That is why the carrying 
capacity of an oil-film bearing increases with the speed. 

If mills were faced with the necessity of vastly increasing their 
rate of rolling of steel or of any other metal, they can decide on 
the speeds they want to run and then design their mill accord- 
ingly, knowing that the carrying capacity of a bearing is not 
the limiting factor. 

We furnish bearings for hydroelectric units, and we have 
bearings in service carrying more than 1,000,000 lb. each and 
also carrying as low as 1000 lb. Speeds do not worry us much. 
Some Kingsbury bearings run at very low speeds; others run as 
high as 10,000 r.p.m. 

We furnish thrust bearings for slow-speed service. Years ago, 
in 1911, we put our first thrust bearingi n a grinder and polisher 
in a plate-glass mill. It runs from 18 up to 35 r.p.m., and has 
stood up wonderfully well. For that slow-speed service we use 
very high unit pressures, a thousand pounds or more per square 
inch. 

We are furnishing bearings for high-speed pumps, both vertical 


and horizontal. For some of these we furnish both the thrust 
and the journal bearings. If a builder finds that he does not 
get long enough life out of ball bearings, he comes to us for oil- 
film bearings. We meet his requirements and satisfy him. 

Oil-film bearings are inherently durable because of the separa- 
tion of bearing surfaces. Contrary to the belief of many people, 
oil does not break down through use in the film. Viscosity of the 
oil is the only characteristic that is of much importance to us. 
Hence we do not recommend any brand of oil. We simply send 
out with our product a name plate, on which we s),ecify the vis- 
cosity the oil should hav@ at a given temperature. The viscosity 
required depends on running conditions. If a bearing is to be 
air-cooled, we use a heavier oil than if it is to be w*ter-cooled. 

The overload capacity of a Kingsbury thrust bering is not a 
matter of 10, or 25, or even 100 per cent. The parts are designed 
with high mechanical strength. We have frequently run tests 
in our own factory on small bearings loaded to 30) per cent of 
normal capacity. We do not recommend overloading, because 
we want to preserve the maximum factor of safety. These same 
comments may apply to properly designed journal bearings. 
Hence it may be stated that high overload capacity ¢3 an inherent 
quality of the oil-film bearing. The films in an oi!-film bearing 
are very rigid. They are persistent and are not going to break 
down suddenly. If anything breaks it is apt to be the frame of 
the machine or some one of its parts. 

When talking about power consumption of plain pearings, you 
are not thinking of oil-film bearings as we understand them. 
Undoubtedly by improved methods and designs you could save 
enormous amounts of power over your average coefficients of 
friction. If you apply your present lubricants continuously, you 
will keep the friction away down. In defending the oil-film 
bearing I am defending a constant condition of lubrication that 
can be obtained, possibly with grease, but surely with oil. 

Suppose you have ample mechanical strength is, the parts of 
your oil-film bearing, and you find that it is not qhite up to the 
standard set for it. Put in a heavier oil, and a immediately 
increase the bearing capacity in accordance with ..1e increase in 
viscosity. If you design a bearing which you know is all right 
mechanically, and for some reason it is not meeting your overload 
conditions, you have merely to increase the thicki,ess of your oil 
film by using a heavier oil. It gives you a little more friction, 
but at the same time it gives you the added factor of safety. 

A constant condition of low friction is what we ire advocating, 
instead of the ups and downs of intermittent inad:quate lubrica- 
tion which is understood to be the general practice of steel mills 
today. 

With regard to dirt and water, we do not reco;nm nd dirt or 
water in our bearings any more than anyone els:: does. But if 
the particles of dirt that get in are one-thousandty of an inch in 
diameter, we could arrange the oil-film thicknesg so that the 
particles would pass through without touching the fhetal. 

I came across a process some time ago where #@liquid film is 
used to disrupt materials. Of course it would nc disrupt steel 
or anything like that, but it would take care of Jmething like 
carbon. If you grind up carbon and put it throug) a film that 
is being rapidly distorted, you have what is called colloid mill. 
The material is ruptured by the rapid shearing act -n in the film 
itself through which it passes. Hence oil-film bearings probably 
do have some dirt capacity, but we do not recommend that it be 
there. Occasionally a particle of grit goes througly the film and 
makes a mark, but you may never know it until yofj take out the 
parts after years of use and find the little scratches it ‘as produced. 


W. L. Barr.’ I don’t propose to speak to this group from an 


5 President, SKF Industries, Inc., New York, N. Y. Mem. 
A.S.M.E. 


IRON AND STEEL 


engineering point of view, but two or three points particularly 
were brought to my mind by Mr. Howarth’s very able contribu- 
tion, and I should like to mention them. 

I admit frankly, from a contact of 22 years with the anti- 
friction bearing business, that if the plain bearing had been de- 
veloped by specialists and always kept in the hands of its friends, 
our problem might not have been so easy as it has been. That, I 
think, is an excellent example of the axiom that what is every- 
body’s business is nobody’s business. Every one has assumed 
that he knew everything that was to be known about a plain 
bearing, and the result has been that there have been too many 
wrong principles in the design, manufacture, and application of 
plain bearings. 

The anti-friction bearing has been developed by its friends, 
and through that concentration of effort the sum total of all the 
information which has been available has been disseminated, I 
think usually wisely, for the benefit of the user. I think we are 
fortunate, in the early stages of the use of anti-friction bearings 
in the steel industry, to have a paper of the type of Mr. Koon’s, 
and the discussion of the kind which it is to be hoped wil! come 
out of it, to the end that the fullest possible cooperation may be 
had between the manufacturers and the users of anti-friction 
bearings in the steel industry. 

It is perhaps to be expected that when you steel mill operators 
approach the anti-friction bearing people and put us on the de- 
fensive, demand of us that we tell you at the outset exactly how 
many pounds an individual bearing is going to carry, or exactly 
how many years it is going to last, you do not bring out the most 
useful cooperation. Because it then puts us on the defensive and 
we sometimes are forced unwisely to commit ourselves much 
further than we ought to do. If the two interests, the producers 
and the users, would fairly approach this problem, each putting 
into it all he has on the subject, with an open mind and the 
hope that by the pooling of all the information available some- 
thing can be produced, then I can say, without fear of disap- 
pointment, that this problem can be solved. 

The anti-friction bearing manufacturers have aided in the ap- 
plication of their product to a great many new fields. I think it 
almost never fails that each of those fields believes that its prob- 
lem is a totally different one and perhaps more difficult than any 
other one which the anti-friction bearing companies have had 
to meet. They do differ in character and in kind. The steel 
mill has certain difficulties essentially its own, but I feel quite 
sure, from an observation of the things that have been done in 
other difficult fields, that if all of the data which are at the dis- 
posal of anti-friction bearing companies, plus all of the ex- 
perience which can be put on the table by the manufacturers of 
steel mill equipment and the users of it, are put together in a 
friendly, cooperative fashion, this problem can be definitely as- 
sured of solution. 


W. Trinks.° I do not find in the paper the relation between 
the size of mill which we use when we have sliding bearings and 
the size of mill which we use when we have anti-friction bearings. 
The difficulty which everybody experiences in putting roller 
bearings into an existing mill is that there is not enough room for 
the bearings between the roll necks. We can easily put new 
housings in, if necessary, and make the housing window wider, 
but we cannot increase the distance between the rollers. And 
there is the colored gentleman in the ligneous aggregation. 

And that fact leads to the reasoning we should do on an 18-in. 
roller-bearing mill, that which we do ordinarily on a 16-in. mill. 
That is to say, we should use a larger mill and not strain the mill, 
as we have done heretofore, to almost the breaking point of the 
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rollers. That method is of course quite contrary to the thought 
of the rolling-mill superintendent who, when he has a mill, wants 
to get all out of it that there isinit. It may hurt his conscience 
to feel that there is a mill that could be used for larger and bigger 
production. 

But why do we use as small a mill now as we possibly can? 
One reason for that fact is that the smaller the mill the smaller is 
the bearing friction, and therefore we consume less power with 
a small mill than with a large mill. That is, however, not true 
when we use anti-friction bearings. In anti-friction bearings 
the power consumption of a larger mill is not much greater than 
it is on the smaller mill. At any rate it is small compared to the 
power we use on a small mill with sliding bearings. The increase 
in power on a mill with sliding bearings is due to roll-neck friction 
and nothing else. That factor we must always keep in mind with 
the sliding bearings. If with sliding bearings we use a larger mill 
than is necessary, then we use more power, and that power comes 
solely from the friction in the bearing and from nowhere else, 
because the compression of the steel takes just as much power 
whether we compress it with a large or a small surface. 

We ought to be prepared to use a roll size which on small mills 
is 1 inch larger and on medium-sized mills is 2 in. larger in diam- 
eter, and on larger mills perhaps over 4 in. larger in diameter than 
with sliding bearings. 

When I was in Germany last summer I asked the foremost 
builders of rolling mills their opinion of roller bearings. Their 
answer was that the roller bearings cost more than the rest of the 
mill, which prohibits their use for the larger mills. For the 
smaller mills they use teakwood or lignum-vitae bearings, and 
they do much better than roller bearings, and can be lubricated 
with the water that is on the mill anyhow. 


AvTHOR’s CLOSURE 


One discussor called 42 cents an unusually high figure for 
maintenance and lubrication for each ton of product on a sheet 
mill. This is quite true. The mill was in bad shape, and that 
was one reason why it was changed over to the use of anti-fric- 
tion bearings. 

It is likewise true, as this discussor indicated, that semi- 
annual inspections of bearings are not sufficiently close together 
for ordinary purposes; they should be much more frequent. At 
the same time, it is a fact that anti-friction bearings often will 
run for much longer than that period without requiring adjust- 
ment. As a matter of routine, however, inspections should be 
made at intervals frequent enough so that the mill will avoid 
trouble. 

There seems to be a difference of opinion regarding the effect 
of a broken roller. Unquestionably this is due to differing ex- 
perience with different types of bearings. The immunity from 
trouble, mentioned in the paper, was predicated upon experience 
with bearings containing cylindrical rollers of fair length. Other 
types might not give similar results. 

Much satisfaction must result from the study which the Timken 
company is about to undertake on the question of power con- 
sumption and roll loads. Not only will this give us dependable 
data on the power which can be saved under varying conditions 
but also it should tell us much regarding the loads to be expected 
when rolling various sections with different drafts, and at steel 
temperatures which may vary considerably. Furthermore, 
the use of three methods for measuring pressures should furnish 
information as to which method is most applicable and why. 

The suggestion for having a “creeping fit’ as a means of shifting 
the loaded area around the circumference of a bearing, thereby 
prolonging its useful, accurate life, is interesting. If this ar- 
rangement is not made, it might be possible in some cases to 
shift the surface by enough of an angle, at regular intervals, so 


. 


iy 

: 
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that a new wearing spot would be obtained intermittently, and 
thus prolong the life of the bearing. 

Doubtless, a highly efficient oil-film bearing would give excel- 
lent results in steel mills if properly kept up. Comparisons in 
the paper necessarily have been confined to bearings of the type 
commonly used in the rough work of steel mills—bearings which 
in many cases were somewhat rough themselves, and in most cases 
were subjected to heavy shocks and much abuse. A steel mill 
is essentially a place where there is a great amount of dirt, a 
large amount of heat, and a considerable amount of hard usage 
placed upon all the equipment. It is under these conditions 
that bearings there must operate. 

Regarding the subject of increasing the size of rolls when in- 


stalling them with anti-friction bearings, this probably will have 
to be done (except on backed-up rolls) if the bearings are to be 
operated under the full-load conditions previously encountered. 

Few engineers recommend anti-friction bearings on two-high 
and three-high sets of rolls, unless the rolls are very short. That 
is, when narrow sections are going through and nothing else is to 
be accommodated, the anti-friction bearing may serve, even 
though the space around the roll neck be as limited as it neces- 
sarily is on these mills. For really heavy work, however, and par- 
ticularly for work on broad sections, such as sheets or wide strips, 
or with rolls having numerous passes, anti-friction bearings are 
not usually a satisfactory proposition on two-high or three-high 
mills. 


; 
nd 


The object of this paper is to announce a new era in cupola 
practice. Since prehistoric times there have been but few outstand- 
ing advances in the art of melting iron in shaft furnaces. The 
demand for cannon in the Middle Ages brought about a high degree 
of development in the foundrymen’s art, and the invention of the 
steam engine made possible the modern factory system. Aside 
from these two outstanding events but little has been done to improve 
the metallurgical or economic performance of the cupola. There 
is therefore an inviting field for research to develop the following: 


Control of melting conditions 

Control of the chemical elements of the iron 

Control of the temperature of the molten iron 

Relation of slag to melting conditions, oxidation, temperature 
of the iron, and economy in fuel 

Mastery of the far-reaching effect of heat treatment 

Knowledge of the effect produced by various alloys 

Ability to produce steel, malleable iron, or cast iron at pleasure 

A decided improvement in physical properties of all grades of 
iron that can be melted in the cupola 

A radical improvement in fuel economy. 


When these improvements are established, and there is no reason 
why they should not be, there will be introduced a decidedly new 
era in the cast-iron industry that will entirely overshadow all previous 
developments. 


HERE have been but few outstanding epochs in the evo- 

I lution of cupola practice. The first epoch, extending from 

prehistoric times to the Middle Ages, was brought about by 
the discovery of a practical means of smelting iron ore. 

The earliest record in literature concerning the iron industry 
is contained in the fourth chapter of Genesis, which mentions 
Tubal-Cain as an instructor of all artisans in bronze and iron 
work. We have thus at the very dawn of the history of the human 
family a professor of metallurgy with a well-organized research 
group in developing that great asset to the human race, the iron, 
steel, and brass industries. This was accomplished by the con 
struction of a short stack of masonry six or eight feet high in 
which charcoal and iron ore were deposited alternately. The com- 
bustion of the charcoal by natural draft was sufficient to reduce 
the iron ore into a spongy mass in the hearth, weighing from 
30 to 60 pounds, which could be removed easily and wrought 
into the desired form. During this early period the skill of 
the operator was demonstrated by his ability to produce the 
iron sponge without melting any of the iron. To melt the iron 
was evidence of lack of skill. This epoch extended several 
thousand years without any special change in methods. 


The second epoch, extending from the thirteenth century to - 


the close of the eighteenth century, was introduced by melting 
iron with natural or forced draft and pouring it into molds of the 
desired form. This art was developed during the Middle Ages. 
It was not until the invention of gunpowder, which brought 
about a large demand for cannon, that the foundry industry was 
thoroughly established. During this period the skilled manu- 
facture of cannon was by far the most important product. 

The third epoch was introduced by the invention of the steam 
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The Hot-Blast Cupola 


By F. K. VIAL,! CHICAGO, ILL. 


engine about 1780 and extends to the present time. At that 
time there was a great industrial depression in England. The 
forests had been denuded for the manufacture of charcoal to 
supply the blast furnaces and cupolas, as well as for domestic 
purposes; the coal mines were flooded, with no known means for 
pumping; and embargo had been placed upon the exportation 
of cannon, which caused the annual foundry output to drop from 
180,000 tons to 18,000 tons; the American Colonies had just 
seceded—all of which made the future very gloomy. Just at 
that time, however, steam was successfully applied to the pro- 
duction of mechanical motion. 

The first use of the steam engine for industrial purposes was 
for pumping water from coal mines and to furnish the necessary 
power for blowing the cupolas and blast furnaces. The steam 
engine, therefore, not only supplied the mechanical power for any 
desired purpose, but it made available unlimited quantities 
of fuel for the manufacture of coke and for the production of 
steam. This introduced a new epoch in the art of melting iron 
in large quantities which entirely changed industrial relation- 
ships. 

At the close of the eighteenth century each mechanic had his 
own shop and made up such articles as were adapted to his 
facilities, and as each order was completed the material was 
delivered and more business was solicited. It is obvious that 
these small shops could not afford to purchase an engine and 
boiler plant to operate their small requirements, hence a group 
forming a partnership purchased an engine and jointly operated 
an enlarged shop. This brought about the factory system, which 
in general compelled mechanics to give up their small shops 
and work in the factory. The result of this system gave England 
her industrial supremacy for more than a century, and in Amer- 
ica at the present time large numbers of factories are grouped 
under one management, bringing about an era of mass pro- 
duction heretofore unknown, which accounts for the present era 
of American industrial prosperity. 


PRESENT Status OF CupoLa PRACTICE 


The cupola at present represents the most economical furnace 
for melting iron, as shown by the following table taken from 
Richard's “‘Metallurgical Calculations:” 


Thermal 

efficiency, 

Type of furnace per cent 
Crucible. ... 2to 3 
Reverberatory 10 to 15 
Regenerative open hearth 20 to 30 
Cupolas... 30 to 50 
Steam-boiler and hot-blast stoves 50 to 75 


The cupola, however, is limited in several control features 
such as regulation of temperature of the molten iron, regulation 
of chemical composition, and -maintenance of uniform conditions 
in the melting zone. The principal cause of inability to control 
these features is that the metal and fuel are mixed and are 
hidden from the view of the operator. It is quite evident that 
there is much to be desired in removing the limitations that 
exist in cupola practice. Several recent developments indicate a 
rapid evolution in this direction. 

Temperature of Molten Iron. When the iron in the cupola 
reaches the very lowest melting temperature, the molten iron 
collects on the surface of the various pieces in the form of drops, 
which separate and fall through the combustion zone. It is 
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only during this period of time, when the rain of iron is 
passing through the combustion zone, that there is any op- 
portunity of raising the temperature above the lowest melt- 
ing point. There are three elements that enter into the 
control of temperature as follows: 


1 Rate of melting 
2 Depth of the combustion zone 
3 Temperature of the combustion zone. 


Economy 


Because of its cheapness of construction and relatively 
high thermal efficiency as compared with the expensive 
regenerative open-hearth process used in the steel industry, 
the cupola has received very little attention from the stand- 
point of economy in fuel, for it already stands at the head of 
the list in this respect. The waste heat, however, amount- 
ing to from 30 to 50 per cent, represents an enormous 
economic loss. To show how this heat may largely be con- 
served is the main object of this paper. 

Attempts at economy in fuel consumption have been 
mde by suggesting very shallow or very deep cupolas. 
Tuyeres have been made in every conceivable manner and 
sh:pe, in single rows and double rows, with all kinds of 
claims for economy, only to find that they all operate 
about alike, with no special difference in economy of fuel. 
Unsuccessful attempts have been made to preheat the blast. 
Ingapproaching the subject of stopping some of the waste 
in’ uel consumption, it is essential that the amount of waste 
heat and the form in which it exists should be known. 
There are certain heat losses which cannot be avoided, 
such as the heat required for the formation of slag, for the 
disintegration of limestone, for the dissociation of moisture, 
and for radiation, which includes the heat taken up by 
the cupola lining, all of which constitutes a fairly constant 
amount which does not give promise of any great possibility 
in saving. 

The three important and obvious forms of heat loss which 
are recoverable are the sensible heat of the gases as they 
leave the cupola, the loss from incomplete combustion, and 
the potential heat in the combustible gases as they emerge 
from the charges at the charging door. It is important that 
the amount of these losses and the form in which they 
exist should be well understood before any successful scheme 
can be applied for their elimination. With this in mind a 
heat balance has been prepared showing approximately the 
condition of present cupola practice and also what has 
been obtained by the successful application of hot blast to 
cupola practice. 


Heat Losses CupoLa OPERATION 


In establishing a heat balance it is necessary to consider 
the heat losses within the cupola which arise from radiation, 
formation of slag, liberating carbon dioxide from limestone, 
dissociating moisture in the blast and the coke, the sensible 
heat contained in the gases as they leave the cupola, in- 
complete combustion, etc. 

Radiation. Radiation represents the heat absorbed by 
the brick lining and the heat which passes through the shell 
of the cupolas, amounting to from 6 per cent to 10 per cent 
of the heat generated by the combustion of carbon. 

Slag. The amount of slag for each pound of carbon will 
vary slightly according to the number of pounds of iron 
melted for each pound of coke consumed. It may be as- 
sumed in ordinary practice that about one-third of a pound 
of slag is formed for each pound of coke consumed. One 
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IRON AND STEEL 


pound of slag requires approximately 900 B.t.u. for its formation. 

Liberating Carbon Diozide. It is assumed that the amount 
of limestone required for each pound of coke will contain from 
two-fifths to two-thirds of a pound of carbon dioxide. To 
liberate 1 lb. of carbon dioxide from limestone requires about 
840 B.t.u. On this basis the approximate amount of heat 
required for breaking up limestone and liberating the carbon 
dioxide can be calculated and placed among the losses in the 
heat balance. 

Moisture. The heat loss on account of moisture in the blast 
is an uncertain quantity and varies through a wide range. On 
hot days with high humidity the loss is an important factor 
in cupola operation, whereas in the winter months, with low 
humidity, this factor is negligible. 

The total of these four items amounts to from 1600 to 2200 
B.t.u. for each pound of coke consumed. 

Waste Gases. The loss represented by the sensible heat in the 
gases as they emerge at the charging door depends upon their 
temperature, which varies over a wide range at different cupolas 
and at different locations in the same cupola. The gases are 
invariably of higher temperature next to the lining than at the 
center of the charge. The difference is usually 50 per cent or 
more of the temperature at the center. In case the temperature 
at the lining is 1200 deg. fahr., the temperature at the center of 
the charge may be expected to be 900 deg., whereas if the tem- 
perature at the lining is 900 deg., the temperature at the center 
will be 600 degrees, and if the temperature at the lining is as 
low as 600 deg., the temperature at the center will be about 
400 deg. 

For the purpose of analyses of heat losses, we have taken the 
temperature of the gases leaving the cupola at 800 deg. above 
the atmospheric temperature as representing ordinary practice 
in cold-blast cupolas. 


Heat AVAILABLE FOR MELTING AFTER MakinG Degpvucrions 


After making these deductions from the heat generated we 
have the remainder available for melting iron, and for easy 
calculation we have used 500 B.t.u. as the heat necessary to 
raise the temperature of iron, containing 3.50 per cent total 
carbon and 1 per cent silicon, from the cold stock to the melting 
point, to supply the latent heat of fusion, and to raise the tem- 
perature of the molten iron to 2600 or 2700 deg. fahr. 

It is assumed that the carbon content of the coke is 87 per cent 
and that the difference between theoretical consideration and 
practical performance is 5 per cent; in other words, we have 
assumed 95 per cent efficiency in combustion. This information 
is given in Table 1, representing a heat balance for the various 
stages of combustion within the range of cupola practice, each 
stage being represented by a variation of 1 per cent of carbon 
dioxide gas in the gases of combustion as they emerge at the 
charging door. Table 1 shows the heat balance for various stages 
of combustion. The limits for ordinary cupola practice are 
from stage No. 7 to stage No. 14 inclusive. The coke per ton 
melted, exclusive of the bed, is shown to be 298 lb. for stage No. 
7 and 188 lb. for stage No. 14. 

The only conditions which can vary these quantities are the 
quality of coke and the temperature of the escaping gases. Occa- 
sionally a coke is produced which has a calorific value superior 
to the ordinary run of foundry coke. Our analysis all the way 
through is for ordinary conditions. 

A variation of 300 deg. in the temperature of the escaping gases 
represents the amount of heat required for melting 1 Ib. of iron, 
or approximately 10 per cent of the net melting result in a 
cupola. The bed coke per ton of iron melted is a variable 
quantity, depending largely upon the tonnage melted in each 
heat, but for the purpose of making up a table, 35 lb. is used, 
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bringing the total coke per ton melted for the extremes to 333 
Ib. and 223 lb., respectively. 

There are other sources of heat than those arising from the 
combustion of carbon, such as the oxidation of silicon, man- 
ganese, sulphur, iron, etc., which require oxygen for the chemical 
reaction which is represented by the excess air above the re- 
quirements for the combustion of coke. This accounts for the 
excess nitrogen present in the gases of combustion. The heat 
from these sources is shown in Table 2. This table shows the 
amount of heat developed in B.t.u. by the oxidation of silicon 
at the various stages of combustion, and also the pounds of iron 
melted by this available heat, which is to be added to the pounds 
of iron melted by the heat developed from the combustion of 
earbon, as shown in Table 1. 


TABLE 2 HEAT GENERATED BY THE OXIDATION OF SILICON 


Silicon -~————Stages of combustion ——— 
content, 3 to to 9 to 1l5to I18to 
per cent Add to Table 1 5 s 11 14 17 20 
1.0 B.t.u ; 58 117 175 232 290 350 

Standard pounds 

of iron melted 00 000 000 000 000 000 
1.5 B.t.u es 87 175 260 350 435 520 
Pounds of iron 0.05 0.12 0.17 0.23 0.29 0.35 
2.0 Sk oe 116 232 350 464 580 700 
Pounds of iron 0.11 0.23 0.35 0.47 0.58 0.70 
2.5 B.t.u 145 290 435 580 725 870 
Pounds of iron 0.17 0.35 0.52 0.70 0.87 1.05 
3.0 Btu 174 348 525 696 870 1050 
Pounds of iron 0.21 0.46 0.70 0.93 1 16 1.40 
3.5 B.t.u 205 410 615 820 1025 1230 
Pounds of iron 0.29 0.59 0.88 1.16 1.47 1.75 
4.0 B.t.u 232 464 700 928 1160 1400 
Pounds of iron 0.34 0.70 1.05 1.40 1.74 2.10 


It is also evident that Table 1 does not apply to melting irons 
varying in carbon. An adjustment can be made for irons of 
varying carbon content by increasing the amount of coke re- 
quired for melting one ton of iron, as shown by Table 1, by the 
following percentages: 


Carbon content, 


per cent 
0.00. . Add 25 per cent 
1.00 Add 17 per cent 
2.00 Add 10 per cent 
3.00 Add 5 per cent 
3.50 Add 0 per cent 
4.00... Cut 5 per cent 


Heat Lost 1x Cotp-Biast Because or LARGE AMOUNT 
or CaRBON MONOXIDE Propucep 


The wide variation in results at different times in the same 
cupola and in different cupolas is caused primarily by the irregu- 
larity with which the fuel is placed in the cupola and the rate at 
which the air is introduced into the combustion zone. The 
number of charges in the cupola and the heat gradient of the 
gases while preheating the charges may have a decided effect on 
the ultimate combustion by reducing the carbon dioxide originally 
formed into carbon monoxide as the gases of combustion pass 
through layers of incandescent coke, thereby absorbing 10,200 
B.t.u. for each pound of carbon represented in the reduction. 

In ordinary cupola practice there is an excess of coke on the 
first charge, resulting in a low stage of combustion, during which 
period the coke is consumed at a faster rate than indicated by 
the air input. In other words, the law of combustion is such 
that when carbon is in excess it combines with the oxygen of 
the air at a higher ratio than when conditions are normal. On 
the other hand, when the carbon in the coke is deficient it unites 
with the oxygen of the air at a lower rate than normal. 

As the excess coke in the bed charge is burned away the per- 
centage of carbon dioxide gradually increases from 6 or 7 per cent 
until a balance is reached at 10 to 12 per cent. During this 
period the carbon monoxide drops from approximately 22 per 
cent to 15 percent. This refers to the larger cupolas melting from 
15 to 20 tons per hour and continuing in blast for 6 to 8 hours 
per day. 
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TABLE 3 HEAT BALANCE OF GRIFFIN HOT-BLAST CUPOLA, FOR VARIOUS DEGREES OF 
COMBUSTION OF 1 LB. OF COKE (0.87% CARBON) 


Required for combustion 
Aas, 98.2 101.5 104.8 108.1 
7.9 8.2 8.4 8.7 
Gases of combustion: 
COs: by volume, per cent............. 10.0 11.0 12.0 13.0 
CO by volume, per cent...... aval 16.8 15.1 13.4 11.8 
Nitrogen, etc., by volume, per ‘cent... 73.2 73.9 74.6 75.2 
Total.. 100.0 100.0 100.0 100.0 
Total gases, ‘cubic feet....... ere 106.4 109.0 111.5 
Total gases, pounds..... Pa ee 8.7 9.0 9.2 9.5 
Temperature at combustion zone, deg 2,800 2,860 2,920 2,980 
Temperature leaving cupola, deg....... 600 600 600 600 
B.t.u. from coke (theoretical). ad che 8,230 8,674 9,117 9,561 
Assume 95 per cent efficiency... ; 7,819 8,241 8,662 9,084 
B.t.u. in hot blast at 600 deg 1,185 1,224 1,263 1,302 
Total heat in cupola, B.t.u... 9,004 9,465 9,925 10,386 
Heat losses, B.t.u.: 
Radiation, 6 per cent... 469 494 520 545 
1/3 Ib. to 1 Ib. of slag. 600 630 660 690 
Liberating COs: (lime). 360 378 396 414 
Dissociating moisture. ae 450 465 480 495 
In gases leaving cupola hava 784 7 830 854 
In gases to recuperator at 1500 deg ; 1,305 1,344 1,383 1,422 
Total loss, B.t.u. : 3,968 4,118 4,269 4,420 
Available for melting... . 5,036 5.347 5,656 5,966 
Lb. iron melted (500 B.t.u.) 10.07 10.69 11.31 11.93 
Lb. coke per ton melted : 200 188 177 168 
Add bed coke (variable) ; 35 35 35 35 
Total coke per ton melted. j 235 223 212 203 
Cu. ft. air per lb. melted. .. 9.8 9.5 9.2 9.1 
Cu. ft. air per ton melted 19,600 19,000 18,600 18,200 
Lb. air per ton melted. 1,568 1,520 1,472 1,456 
Recoverable losses: 
Sensible heat of gases 784 7 830 854 
Potential heat, CO. 4,215 3,793 3,372 2,950 
Total 4,999 4,600 4,202 3,804 
Waste heat compared ‘with heat used for 
melting, per cent..... vide ee 100 86 75 64 
Thermal efficiency, per cent... 40.0 42.0 44.5 7.0 


It is necessary to have some carbon monoxide in the gases of 
combustion to prevent oxidation of the metal, which is the 
most active agent in lowering the quality of the product. 

The balanced condition of combustion in cupolas of various 
sizes is indicated in a paper delivered in 1904 before the American 
Foundrymen’s Association by W. H. Cameron, in which the per- 
centage of carbon dioxide in the gas from a 44-in. cupola is given 
as 11 to 13 per cent and from a 66-in. cupola 10'/, to 12'/, per 
cent. Bradley Stoughton in his work on “Metallurgy of Iron 
and Steel” gives the following average analysis for several dif- 


ferent cases: 
Average percentage of 


Number of Carbon Carbon 

Time elapsed samples dioxide monoxide 
4 8.3 19.4 
1 to 3 hr 3 7.3 19.0 
3 hr.. a 1 5.4 14.3 
3 hr. 10 min. 1 10.3 
1 hr. 40 min. to 4 hr. 43 min. + 8.1 18.2 
1 mh. 53 min. to 4 hr. 45 min.... 4 8.1 18.0 

Another cupola: 

1 hr. 30 min. to 3 hr. 20 min 3 12.6 11.0 


It is quite evident that in average cupola practice scarcely 
more than one-half of the coke is burned to CO, gas and that the 
range of the percentage of CO, gas in the gases of combustion is 
from 7 to 13, and in general 11 per cent of CO, is considered very 
satisfactory. Table 1 indicates that under this condition 9 lb. 
of iron are melted for each pound of coke consumed, representing 
a thermal efficiency of 35.4 per cent. The potential heat of the 
coke is accounted for as follows: 


Percentage 
For melting iron........... DES 35.4 
Loss in cupola, radiation, formation ‘of slag, etc. 15.5 
Loss in sensible heat in gases of combustion........... 14.2 (a) 
Loss in incomplete combustion. 
Loss in excess of air... .. 5. 
100.0 


(a) Recoverable. 


The recoverable losses are plainly in the items of sensible heat 
and low combustion, amounting in this instance to 44.1 per cent 
of the potential heat, or 25 per cent more than the amount of 
heat used for melting the iron. The cupola efficiency is so low 
that a small saving in the heat wasted represents a large increase 
in efficiency. 
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In considering methods of re- 


14 15 16 17 covering at least a part of this 
111.3 114.6 117.9 121.2 obvious waste the precedent of 
8.9 9.2 9.5 7 the blast furnace naturally turns 
5 our attention to preheating the 
10.1 8.4 6 5.1 
339 766 #77:3 «77:9 blast as a valid solution. Not- 
withstanding the fact that the 
2 6.! 9.; 
97 100 103  °#&2©1105 _ hot blast is now 100 years old 
3,120 3,180 3,240 3,300 
600 600 $00 600 «and indispensable to blast-fur- 
10,005 10,449 10,892 11,336 nace practice from the standpoint 
9,505 9,927 10,348 10,770 
1341 1380 1.419 21.458 of fuel economy and high out- 
207 767 2 298 
10,3846 11,307 11,767 12,228 hut, authorities on cupola prac- 
570 595 621 646 ~~ tice quite uniformly discredit the 
720 750 780 810 Fe 
432 450 468 486 —_- possibilities of securing any econ- 
937 omy through its use in melting 
1461 1,500 1,539 1,578 furnaces where the bottom is 
4.570 4.720 4.872 5,022 
6.276 6.587 6.895 7.206 dropped daily. In view of this 
9 55 ¢ 3.79 
12590 expert opinion it was necessary 
35 35 35 35 to prepare a heat bi ce, as- 
8.9 8.7 8.5 8.4 suming the blast to be preheated 
7,800 400 17,000 16,700 
1360 1344 DY a recuperator to insure the 
Cc > 
are certainty of a high return for the 
2.484 2,107 1,686 1,264 investment in the adaptation of 
54 46 38 30 fore an appropriation could be se- 


54.5 57.0 
cured to demonstrate the new idea. 


Hort-Buiast Heat BALANCE 


In preparing the hot-blast heat balance a condition was 
assumed that is consistent with a recuperator and well within 
the possibilities of the gases from the cupola to maintain. The 
temperature of the air for combustion was assumed to be 600 deg. 
fahr. This was to be accomplished by withdrawing a portion of 
the gases of combustion from the zone in the cupola two or 
three charges above the melting zone. 

Practically the same amount of air will be required to combine 
with the carbon of the fuel regardless of the temperature of the 
blast. The only effect of the hot blast is to carry a certain 
amount of sensible heat to the zone of combustion which will 
result in an additional quantity of heat at the combustion zone, 
which in turn will result in an increased temperature, and on 
account of the increased temperature throughout the entire 
process, the combustion will be more perfect, or, in other words, 
a greater percentage of CO, gas will be formed. 

The temperature of gases after passing two charges of iron will 
be about 1500 deg. fahr. At this point it was assumed that 
approximately 40 per cent of the gases of combustion are drawn 
from the cupola to supply the necessary heat in the recuperator, 
leaving 60 per cent to pass upward through the remaining charges. 
On account of the reduction in the amount of gases passing 
through the remaining charges the velocity will be 60 per cent 
of that in ordinary practice; hence, as the time element is in- 
creased 40 per cent, the temperature of the gases will be reduced 
to a point considerably lower than in the ordinary practice. 
For the purpose of the heat balance it was assumed that 60 
per cent of the initial gases of combustion escaped from the 
uppermost charges of the cupola at a temperature of 600 deg. 
fahr. 

Heat Losses. The introduction of the hot blast produces no 
perceptible difference in the loss by radiation, the formation of 
slag, the liberation of CO, from limestone, or moisture disso- 
ciation. These may therefore be taken in total from Table 3. 
The only difference in the table is the increased quantity of 
heat due to the hot blast and the changed condition in sensible 
heat of the gases of combustion. Owing to the improved com- 
bustion at a higher temperature, it is assumed that there will 


be no occasion ever to use a greater quantity of coke than repre- heater. The upper wind box connects with the interior of the 
sented by stage 10 of combustion, and for this same reason we cupola through a series of ports or tuyeres. The circulation 
may expect an economy represented by stage 16 of combustion. of the gases of combustion from the cupola through its 
The table is therefore calculated between the limits of stages 10 connections to the blast heater is maintained by the suction 


and 17. 


A careful study of Table 3 does not disclose any valid reason around the cast-iron tubes between the tube sheets, and is 
why the large heat waste should continue in cupola practice. supplied by the ordinary cupola blower. This detail is clearly 
The solution seemed so certain to the Griffin Wheel Company — shown in Fig. 2. An actual installation is shown in Fig. 3, which 


that it decided to make a suit- 
able installation for a large unit 
to prove that preheating the 
blast is thoroughly practical 
with resultant economy ap- 
proaching that secured in the 
blast furnace. 

The experimental cupola had 
an inside diameter of 78 in. 
and was capable of melting 20 
tons of iron per hour, with a 
daily capacity of 150 tons of 
molten iron, suitable for the 
manufacture of car wheels. 
Any one having had experience 
in operating a cupola for this 
purpose will understand the 
very delicate requirement for 
maintaining the chill on the test 
piece uniformly constant 
throughout the heat. There is 
probably no other industry re- 
quiring as close a regulation of 
melting conditions as in the 
chilled car-wheel industry, rep- 
resenting an annual output of 
2,000,000 tons of chilled iron of 
exact analysis. Because of this 
extremely delicate requirement 
the research was necessarily re- 
stricted to conditions producing 
perfect results, otherwise large 
losses would have occurred, which 
would have interfered seriously 
with the development of the 
hot-blast theory. 

After patiently trying out a 
variety of details, the combina- 
tion shown in Fig. 1 was found 
to be the most satisfactory, 
which consists of the ordinary 
cupola connected to a_ blast 
heater. The blast heater is com- 
posed of (1) a combustion cham- 
ber for burning the combustible 
gases withdrawn from the cupola; 


(2) a series of cast-iron pipes which are joined at the top and _ is a photograph of a hot-blast cupola in operation at the Mary- 
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fan. The air of combustion passes through the heater and 


Stack Gases 
60 per Cent 


Exhaust Fan 


Charging Doors ry 


600 Fahr. 
| 
Charging Room Floor - Lie 


Wind Box. Ld wind Box 
Lower 
\ t Wind Box 
Oistributin 1 
Chambér 3 
Cupola 
Combustion 
= Chamber 
1/800 Deg. fahr- 
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Fic. 1 Orprnary CupoLta CONNECTED TO A Buiast HEATER 


bottom with tube sheets for the transfer of heat received from land Car Wheel Company, Baltimore. 


the combustion chamber to the blast used in the cupola; (3) an The results obtained in the experimental cupola are given in 
upper chamber for collecting the spent gases of combustion the following summary of a comparison between ordinary cupola 


ready for delivery to the atmosphere; (4) a suction fan for practice and the Griffin hot-blast cupola practice: 


drawing the gases of combustion through the heater and dis- Cold Hot 
charging them into the atmosphere. Bed coke per ton melted, pounds. . aaah a a 

The blast heater is connected to the cupola by a hot-blast pipe Coke, regular charge per ton melted, pounds....... 225 163 
which conducts the preheated air of combustion from the tube MK wy 4 pay regular charge, pounds. 5500 4700 
chamber of the heater to the ordinary wind box of the cupola, 


also by a flue conveying the gases of combustion from the upper Temperature of gases escaping cupola: 
wind box of the cupola to the combustion chamber of the blast At center of the cupola, deg. fahr............... 562 310 


At the lining, average deg. fahr. 856 580 


4 
aye 
| 
! 
3 
ite 
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A comparison of the gas analysis from cold-blast and hot-blast 
cupolas of the same diameter and melting at the same rate per 
hour, using the respective amounts of coke shown in the fore- 
going summary, is as follows: 


Cold-blast cupola 


COs, O2, Co, N, 
Time per cent per cent per cent per cent 
eee 9.8 1.4 16.6 72.2 
ee 0.4 16.8 72.6 
0.2 17.0 72.4 
10.8 0.2 15.4 73.6 
10.8 0.2 16.0 73.0 
12.6 ).2 13.0 74.2 
1:30 p.m...... » Bs 0.2 14.0 73.4 
4 15.6 73.2 
Hot-blast cupola 
9:00 a.m..... 12.6 0.4 12.4 74.6 
9:45 a.m... 15.0 0.6 9.4 75.0 
10:15 a.m. 12.0 0.8 10.4 76.8 
10:45 a.m.. 15.0 0.4 9.8 74.8 
12:40 a.m... 14.2 0.4 10.2 75.2 
15.6 0.6 8.4 75.4 
14.1 0.5 10.1 75.3 


These results were sufficient to obtain a process United States 
letters patent No. 1,627,536, issued May 3, 1927, based upon 
the application of the old idea of hot blast and the old idea of 
melting iron in a cupola, producing an entirely new result. The 
broad claim covers the introduction of the air of combustion 
into the cupola at a temperature above that of the atmosphere. 


CoMPARISON OF CoLp-BLastT AND Hot-Buiast 


The foregoing analyses of the gases of combustion taken from 
the cold-blast and hot-blast cupolas of the same diameter and 


Fic. 2. Test INSTALLATION oF A Hot-Biast HEATER 


(A, cupola; B, blast heater; C, regular wind box of cupola; D, upper 
circular duct for withdrawing gases of combustion from cupola; £, duct 
for conveying gases of combustion from cupola to heater; F, blast pipe 
delivering air for cupola blast to blast heater; G, pipe conveying preheated 
blast from heater to cupola; H, emergency pipe for conveying air of com- 
bustion direct to cupola when heater is disconnected.) 


operating at the same time at the same plant indicate that a 
large part of the saving in fuel in the case of the hot blast arises 
from more complete combustion, and also furnishes a key to 
the use of heat-balance tables for hot and cold blast. When the 
blast is preheated we may expect at least three stages of improve- 
ment in combustion, each stage representing 1 per cent increase 
in CO. 

If the only saving was the amount of heat obtained in the hot 
blast, we could not expect more than 15 to 20 per cent reduction 
of fuel. However, the improved combustion adds another 10 


or 15 per cent to the economy, making a total for average con- 
ditions approximately 30 per cent. 

In comparing Tables 1 and 3 the saving in pounds of coke 
required for melting 1 lb. of iron under various conditions of 
combustion is obtained as follows: 


Cold blast...... 9% 255 COz, 237 11% 223 
Hot blast...... 12% COs, 177 13% COs, 168 14% COz, 159 
eer 78 69 64 


The foregoing summaries are taken under conditions of actual 
production on a large scale and in nowise are they to be con- 
sidered as special tests. There of course may be a small varia- 
tion from the tables, depending upon the quality of the coke and 
the character of the iron melted. All the tables have been 
calculated on the basis of sound working practice and will be 
found to be absolutely reliable. 


MELTING CAPACITIES OF AND ATR REQUIREMENTS FOR CUPOLAS 
oF Various CAPACITIES 


The data contained in the gas analysis furnishes the founda- 
tion for standardizing the capacity of cold-blast and hot-blast 


Fie. 3) INSTALLATION AT MARYLAND Carn WHEEL CoMPANY 


(A, cupola; J, exhaust fan.) 


cupolas of various diameters, showing the rate of combustion, 
the volume of air required, and the tons of iron melted at various 
blast pressures per unit of time. This information is of value 
in determining the full economy resulting from a preheated 
blast. 

In cupola practice the time required for the transfer of heat 
of combustion to the iron is a very important element. Or- 
dinarily the maximum rate of transfer is represented by the 
amount required to melt 20 lb. of iron per minute per square foot 
of melting zone. There is scarcely a limit to the rate of com- 
bustion if sufficient air is supplied, but there is a decided limit 
to the rate at which heat can be taken up by the iron when in 
large pieces. 

Low-carbon iron requires a higher temperature for melting than 
high-carbon iron, and hence the rate of melting is slower, also 
less time is required to transmit heat through a small section 
of iron than through a large section; hence there is a considerable 
variation in the maximum melting rate, dependent upon the 
character of the iron in the charge. The 20 lb. per minute per 
square foot of cupola area is assumed for iron of comparatively 
large pieces and rather heavy section, weighing 200 or 300 lb. 
to the piece, such as broken car wheels, heavy machinery scrap, 


wre... 
. 


and heavy melting steel. Pig iron will absorb the heat 10 
to 15 per cent more rapidly. If the heat of combustion is 
developed more rapidly than it can be absorbed by the 
iron, there will be a lag in the time in which the succeeding 
charges of coke reach the combustion zone, and hence the 
protective layer of coke will be encroached upon, develop- 
ing still more heat that cannot be fully utilized in the melt- 
ing zone, resulting in an increase in the oxidation of the 
metals and more heat to pass through the succeeding charges 
of coke and iron, increasing the temperature of the gases 
escaping to the atmosphere. 

The excess oxidation in the melting zone will require 
extra coke to “build up the bed.”” The increased heat gradi- 
ent through the melting zone to the charging door will con- 
vert more CO, to CO, using up much of the surplus heat, 
which, with the extra coke to delay burning through the 
protective layer of coke, sets up an entirely new balance to 
accommodate the maximum rate of heat transfer to the 
melting stock. In general there is a tendency to attempt 
too large a production per square foot of cupola area, 
which accounts for the quite frequent practice of using ex- 
tra coke at regular intervals throughout the heat, determined 
by previous experience. The maximum rate of economical 
melting is a little greater in cupolas of large diameter than 
in cupolas of small diameter, but this refinement is neglected 
in standardized cupolas from the standpoint of capacity. 
Since the rate of heat transfer is the item most fundamental 
in melting capacity, it is evident that a cupola supplied 
with preheated blast cannot increase the melting rate of the 
cupola beyond its economical rating. Inasmuch as the 
rate of melting is the same for hot-blast and cold-blast 
cupolas, it is evident from the heat balance that 25 per cent 
less air is used per unit of time when preheated than when 
at the atmospheric temperature. The following relation- 
ships for fixing melting capacities of cupolas of various diam- 
eters is developed from the foregoing discussion: 


Cold Hot 
Quantities developed per minute blast blast 
fron melted, pounds 20 20 
Air, cubic feet 250 187.5 
Air, pounds 20 15 
Coke consumed, pounds. 2.22 1 67 
B.t.u. developed. 18,000 18,000 
B.t.u. loss 8,000 7,600 
B.t.u. available. — 10,000 10,400 
Ratio of velocity of gases per second. , 1 to 0.75 
Ratio of time of gases passing through various 


It is evident from the foregoing tabulation that the ad- 
vantage of the hot-blast cupola over the cold-blast arises 
from slower velocity of the air of combustion through the 
combustion zone and protective layer of coke, therefore the 
layers of coke are not as thick as in cold-blast practice. 
Furthermore, the same amount of heat developed per unit 
of time with a smaller quantity of gas means higher tem- 
peratures, and since the flow of the gases through the melt- 
ing zone and succeeding charges is one-third slower, the 
efficiency of heat absorption is decidedly in favor of the 
hot-blast cupola. 

To determine the variations in the rate of flow of gases 
in the cupola, it is necessary to establish the effect of blast 
pressure. 


Buast PRESSURE 


Cold-Blast Cupola. The amount of pressure required 
to drive 250 cu. ft. of air through 1 sq. ft. of area, through 
cupolas of liberal height, is found by experience to be ap- 
proximately 13 oz. in a 78-in. cupola, and 4 oz. for a cupola 
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24 in. in diameter. Using these pressures as a basis, the rule be- 
comes: blast pressure in ounces equals one-sixth the inside diam- 
eter of the cupola in inches, or in the form of an equation in which 
P is the blast pressure and D is the inside diameter in inches, 
P = D/6. 

The rate of flow of air through any orifice varies as the square 
root of the pressure; hence, to find the amount of air that will 
flow through a cupola at a pressure above or below the standard, 
it is only necessary to divide the standard amount of air by the 
square root of the standard pressure and multiply the result 
by the square root of the desired pressure. The established 
relationship between blast pressure and the quantity of air 
required per minute for each square foot of cupola area forms the 
basis for the preparation of a table showing the flow of air 
through cupolas of various diameters under various blast pres- 
sures (see Table 4). 

Hot-Blast Cupola. In considering the flow of air in hot-blast 
cupolas the fact that the air is heated to several hundred degrees 
temperature does not change its relationship to the blast pressure 
required to drive a given amount of air through the cupola. 
The increased temperature of the blast and also of the gases of 
combustion in the combustion zone increases their volume several 
fold; however, their density is correspondingly decreased, and 
hence the pressure required for driving the gases through the 
cupola has not materially changed. 

Inasmuch as the quantity of air which passes a given resis- 
tance is proportional to the square root of the blast pressure and 
since the quantity of air per unit of time in the hot blast is 25 
per cent less than in the ordinary cupolas, the blast pressure for 
this condition is indicated in the following formula, in which P» 
is the hot-blast pressure and P. is the cold-blast pressure: 


P, — (0.75 P.)? = 56 per cent of the pressure required in or- 
dinary cupolas for the same rate of melting. 

In other words, the reduction of 25 per cent in the air require- 
ments will reduce the blast pressure 44 per cent. There is a 
further reduction in blast pressure on account of tapping the 
cupola above the combustion zone and using an exhaust fan to 
relieve the pressure at this point, leaving only 60 per cent of the 


TABLE 5 GRIFFIN HOT-BLAST CUPOLA, CUBIC FEET OF AIR PER MINUTE PASSING THROUGH 
CUPOLAS OF VARIOUS DIAMETERS AT VARIOUS BLAST PRESSURES AND THE CORRESPOND- 
ING TONS OF IRON MELTED PER HOUR 


(Three-fourths of one pound of air is required to melt one pound of iron) 


Cubic feet of 
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gases of combustion to pass through the cupola above the point 
at which the gases are extracted. 

As compared with ordinary cupola practice, the amount of 
gas per minute passing through the upper part of the cupola is 
60 per cent of 75 per cent, or 45 per cent of the amount in the 
cold-blast cupola. The reduction in pressure by reducing the 
gases to 45 per cent of the amount in ordinary cupolas, when 
added to the reduction for driving the blast through the com- 
bustion zone, brings the net pressure to less than 50 per cent of 
that required in ordinary cupolas. 

In preparing a table for air requirement per minute in cupolas 
of all diameters and under various blast pressures the normal 
pressure for hot-blast cupolas will be considered at one-half the 
pressure used in present standard cupolas. In this case the 
pounds of iron melted per minute per square foot of area is 
one-third more than the weight of the air required for combustion. 
Tables 4 and 5 show the flow of air per minute for various blast 
pressures, through cupolas of various diameters, and the corre- 
sponding tons of iron melted per hour. The zigzag lines indi- 
cate the approximate limits for ordinary cupola practice, and the 
underscored quantities represent normal rating. 

Having determined heat balances for hot- and cold-blast 
practice and prepared tables showing the amount of air that will 
flow through cupolas of various diameters at various pressures, 
it becomes possible to prepare a table for normal practice for 
cupolas of all diameters showing the bed and after-charges of 
coke, the iron charge, the rate of melting per hour, blast pres- 
sure, etc. The following is a short description of the basis for 
determining these items: 

Bed Charges. The bed coke is composed of three parts: (1) 
The supporting coke, which in general extends from the bottom 
of the tuyeres to the sand bottom and is not consumed. (2) The 
coke in the combustion zone, which lies immediately in front of 
and above the tuyeres for a distance not to exceed 1 foot; the 
amount of coke in this zone is the equivalent of one regular 
coke charge. (3) A protective layer of coke between the com- 
bustion zone and the melting zone which is not consumed. 

Practically speaking, the bed coke is not consumed and there- 
fore should only include the sup- 
porting coke and the protective 
layer. To this is added one 
regular charge of coke for melting 
the first charge of iron. By fol- 


cupola, Area, pressure, iron melted Square root of blast pressure (equals relative rate of flow of gases)—~ : , is divi j 
in. sq. ft. oz. per hour 1.000 1.414 1.732 2 000 000 COKE used divided into 
24 3.140 2 Air, cu. ft......... 417 590 720 834 930 1,020 1.100 1.180 1,250 ‘two parts: (1) The bed coke 
Iron, tons......... 1.33 1.88 2.30 2.66 2.9713.26 3.52 3.77 4.0 which is not used for the pro- 
30 4.908 2.5 Air, cu. ft......... 582 ~ 820 1,000 1,160 1,300 ]1,420 1,530 1,640 1,740 . ‘ ‘ 
Iron, tons......... | 1.86 2.62 3.22 3.72 4.16] 4.56 4.92 5.27 5.58 duction of heat; (2) the coke used 
36 67.068 3 20 1,530 1.700 1,860 2,020 2.160 2,290 for melting, and in this case the 
42 9.621 3.5 Air, cu. ft........ 926 1.360 1,670 1,920 2,150 2,360 |2.550 2.720 2.880 number of charges of coke is the 
Iron, tons...... .. [3.08 4.36 5.35 6.18 6.90 7.56]8.18 8.74 9.26 same as the number of iron 
48 12.566 4 Air, cu. ft......... 1,180 ]1,660 2,030 2,350 2,640 2,900 3.120 ] 3.360 3,540 
Iron, tons......... 3.77 15.33 6.52 7.54 8.41 9.25 9.96]10.70 11.3 charges. The amount of bed 
54 15.904 4.5 Air, cu. ft......... 1,402 ]1,982 2,428 3.135 3.433 3.708] 3.965 4,206 Coke, plus the first coke charge, 
Prem, 4.501 6.34 7.76 9.00 10.0 12.7 13.5 ig fixed by the necessity of the 
60 19.635 5 cu. ft......... 1,650 2,310 ]2,830 3,280 3.680 4,040 4,350 4.660 | 4.940 
Iron, tons......... 5.26 7.42]9.10 10.5 11.78 i2.9 i3.9 14.9] i5.8  COke rising to a certain distance 
66 23.758 5.5 Air, a ae 1,880 2-650 3,280 3,790 4,220 4,630 5.000 5,350]5,660 above the top of the tuyeres 
ron, tons......... 10.5 12.1 14.8 16.0 17.1] 18.1 
72 28.274 6 Air, cu. ft......... 2,050 3,060 3.730 14,320 290 5.730 6,130 6.470 before the first = is charged. 
Iron, tons......... 6.90 9.72 11.9] 13.8 16.9 18.3 19.6 20.7 In good practice this distance is 
78 33.183 6.5 Air, cu. ft......... 2,430 3,440 4,220 [4,880 5,980 6,480 6.880 7,324 -thi i 
Iron, tons......... 7.80 11.0 13.5] 15.6 i9.1 207 22.0 33.9 One third the diameter of the 
84 38.485 7  Air,cu.ft......... 2,700 3,780 4,700 5.4 6,660 7,200 7,630 8,139 Cupola, plus 16 inches. 
BOOM, COMB: 66.2 55. 8.67 12.2 15.0 17.3 21.3 23.0 24. 26.0 The following shows a satis- 
90 44.178 7.5 Air, cu. ft......... 3,020 4,300 5,260 6,060 7,440 8.030 8,560 9,070 
Iron, tons......... 9.70 13.7 16.8 19.4 | 33.8 25.7 27.4 29.9 factory arrangement of tuyeres 
96 50.264 8 Air, cu. 4.730 5,800 6.700 8,200 8,850 9.450 10,000 in termsof cupola diameter: Sand 
ron, tons......... 18.5 21.4 26.2 28.3 30.2 32.0 
102 56.745 8.5 Air, cu.ft......... 3,660 5,200 6,350 7.360 8,200 |9,000 9,730 10-400" 11,002 Pottom to bottom of tuyeres, 
Iron, tons......... 11.7 16.6 20.3 23.5 28.8 31.1 33.2 35.0 one-fifth of cupola diameter. 


In determining the volume of a blower for any given condition add 25 per cent to the foregoing figures. 


Height of tuyeres, one-eighth 


; 
t 
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cupola diameter. Combined width of tuyeres (minimum), gain by reducing the temperature of the gases of combustion. 
one-half cupola diameter. With these dimensions for the lo- In ordinary cupolas the height of stack from bed to charging 
cation of tuyeres, the height of the first charge of coke above door should be about twice the diameter in feet, plus 5 ft., or 
the sand bottom becomes two-thirds of the cupola diameter, 2D + 5. The height of stack for hot-blast cupolas should be 
plus 16 inches, and the distance above top of tuyeres is one- 2'/,D + 5. 
third of the cupola diameter, plus 16 inches. The foregoing data furnish complete information for deter- 
Coke Charges. The most important factor for uniform and mining safe practices for cupolas of all diameters, as shown in 
satisfactory melting is that the coke charges shall be maintained Table 6 
uniformly level. It is at once evident that if there is more coke 
over one portion of the area than another the thin portions burn 
out first and allow the uncombined oxygen to come in contact The present practice in regard to the amount of coke required 
: with the iron charge, causing a rapid and disastrous oxidation. for melting a ton of iron in cupolas of various diameters is given 
® This can best be prevented, especially in larger cupolas, by by an authority on cupola practice,” as follows: 


ADVANTAGE OF Hor B In CupoLa PRACTICE 


maintaining a comparatively thick charge of coke s« ’ , 
I f » that the Inside diameter Pounds of iron melted Pounds of coke 
: irregularity in the iron charge will not greatly disturb the uni- of cupola, in. for each pound of coke per ton melted 
& formity of the coke over each square foot of the combustion zone. A + 4 
4 do. 266 
: Following this idea, the depth of coke per charge should be deeper 42. 7.6 263 
in larger cupolas than in small cupolas. It is found for a 78-in. aa 69 290 
cupola that from 10 to 12 in. is a satisfactory depth for the coke ae ‘ 8'3 aa 
charge, or 25 to 30 lb. for each square foot of area, and that for 58. 6.8 294 
60. . 7.5 267 
each change of 3 in. in diameter of the cupola a corresponding 60.. 76 263 
change of 1 lb. of coke per square foot will preserve an adequate 72.. 10.0 200 
4 relationship. On this basis the coke charges are established @ Solvay coke. 
E by multiplying the weight per square foot by the area of the com- , ; 
i ; , In another series of tests he records the following: 
i bustion zone in square feet. 
F, Iron Charges. Having fixed the quantity of coke for each _ Inside diameter Pounds of iron melted Pounds of coke 
; “: ‘ . of cupola, in. for each pound of coke per ton melted 
° charge following the bed, the iron charge for standard cupola 32 6.4 313 
Fi practice becomes nine times the weight of the coke for cold- 42.. 6.2 322 
44.. 7.2 278 
4 blast and twelve and one-half times the weight of the coke for  epibaabia 78 256 
hot-blast practice. Average... 7.3 4 
=| The weight of coke per cubic foot is approximately 30 Ib. 
x & I approximately 30 Ib The foregoing is evidently considered fair average practice in 


weight — 135 the gray-iron foundry where a large percentage of the charge is 
oot, according to the character of the material. it therelore ¢ pig iron, which can be melted with 10 or 15 per cent less coke 
follows that the thickness of the iron charge is from one and 

one-half to two times greater than the coke charge in cold- 2 Bradley Stoughton, “Metallurgy of Iron and Steel,” pp. 266- 
blast cupola practice and from two and one-quarter to three 269. 


times greater in hot-blast prac- 
There is an advantage TABLE 6 COKE AND IRON CHARGES, CUBIC FEET OF AIR PER MINUTE, AND TONS OF IRON 


tice. 
in h a t hay MELTED PER HOUR, FOR CUPOLAS OF VARIOUS DIAMETERS AT STANDARD BLAST PRESSURES 
in heavy iron larges in laving FOR HOT AND COLD BLAST 
as much possible charges-— Air per minute, Normal blast melted 
the melting zone to develop Diameter of Circum- ——After—— __ Iron charges, Ib. cubic feet pressure, oz. per 
h cupola, in. Height fer- Area, Bed, Lb. per Cold Hot Cold Hot Cold Hot hour, 
the efficiency of heat transfer  Shetl Inside (a), ft. ence, ft. sq.ft. Ib. sq.ft. Lb. blast blast blast blast blast blast tons 
to a Maximum. 36 24 9 6.28 3.14 230 19 60 540 720 700 500 4 2.0 1.8 
sal C le The effi 42 30 10 7.85 4.91 500 (20 100 g 1,200 1,160 845 5 2.5 3.0 
Height of Cupola. eefl- 50 36 11 942 7.07 1,000 2 150 1,350 1800 1665 1245 6 3.0 4.0 
“meNncY : oa > , 60 42 12 11.00 9.62 1,500) 22 210 1,900 2,533 2,310 1,735 7 3.5 5.5 
ciency of melting is not greatly 66 48 13 12.57 12.57 2/000 2; 200 21610 3.480 3.080 2312 8 4.0 7.5 
affected by the height of the 72 «454 14 14.14 15.90 2,500 24 380 3,420 «4,560 3975 2975 9 45 9.5 
« l f bint 78 60 15 15.71 19.64 3,000 25 490 4,410 5,880 5,000 3,756 10 5.0 11.75 
cupola. Cupolas 30 ft. high 84 1617.28 23.76 «3,500 26 $38 5,580 7 4.6 5 5.5 14.0 
re hee i a] rerv |i » 90 72 17 18.85 28.27 4 27 76 6,84 9,126 7,496 625 2 6.0 7.0 
have been built with very little 9 78 18 20.42 33.18 4.500 28 930 8.370 11.160 8960 6705 13 65 200 
melting advantage so far as 102 84 19 21.99 38.49 5,000 29 1,120 10,080 13,440 10,580 7,915 14 7.0 23.0 
108 90 20 23.5 44.18 5,500 30 1,320 11,880 15,840 12,310 9,280 26.5 
economy in fuel is concerned 114 96 21 «25.13 50.26 6.000 31 1,560 14,040 18,720 14320 10758 16 8.0 30.0 
over the opposite extreme of 120 102 22 26.7 56.75 6,500 32 1,800 16,200 21,600 16,460 12,370 17 8.5 34.0 
Iti » chares at a time (a) These are the relationships in terms of cupola diameter (represented by D): 
ing Base plate to charging door, cold blast 2D + Sft 
in which case the melting can Base plate to charging door, hot blast. P eaunepeacs Pope . sD 5 ft 
be observed from the charging Sand bottom to base of tuyere. z 
door. This is because with a ; D 
Height of tuyere........... 
higher cupola the charges be- D 
come intensely preheated and Combined width of tuyeres (minimum). . > 
the CO, gas of combustion in Ares of tuyeres (minieuum).. 7%" 
the lowermost charge Is changed Ratio tuyere area to area 1 to 5 
to CO as it passes through suc- Tons melted per hour........ ves °.« 1D? = 0.6 (sq. ft. area) 
cessive layers of incandescent Top of first charge of coke above top of tuyere... . 37 16 in 
coke, thereby losing 10,000 heat Top of first charge of coke above sand bottom. . . wea 16 in. 
units for each unit of carbon : D (in inches) 
that is represented in the re- Blast pressure in ounces, cold blast.......-. - 6 
action. This absorption of Blast pressure in ounces, hot blast..........-.- 
30 in. 


heat more than offsets all the Distance between tuyeres should not 
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than the low carbon, low silicon, and car-wheel iron, which is 
charged in large pieces. 

Griffin hot-blast cupolas have been in continuous operation on 
a production basis since March, 1925, and are now melting 2,000 
tons per day, which is poured into car wheels, enameled plumb- 
ing ware, soil pipe, malleable castings, ete. A comparison of 
the relative fuel economy secured by hot-blast cupolas can readily 
be shown by tabulating the results obtained by the installations 
now in daily operation. 

In the car-wheel industry a direct comparison is shown by 
the results from ten different plants, melting as high as 600,000 
tons of iron per annum under similar conditions, in cupolas of 
the same diameter, melting approximately the same tonnage of 
the same kind of material. Two of these plants were operated 
with the first experimental hot-blast installations. 


TABLE 7 COKE CONSUMED PER TON OF IRON MELTED 


(Determined by dividing the invoice weight of the coke used by the 
number of tons melted over a period of 30 days) 


Tons Bed Bed Regular Total 

melted charges coke’ charge coke 
per of coke per of coke per 
day minus one ton per ton ton 
per regular melted, melted, melted, 

Plant cupola charge Ib. Ib. Ib. Remarks 
Bs 139 4,396 36 163 199 Hot blast 
Bus 143 5,100 36 222 258 Cold blast 
2 158 4,350 28 163 191 Hot blast 
3 132 4,128 31 245 276 Cold blast 
4 176 7,112 40 220 260 Cold blast 
5(a) 228 10,918 48 229 277 Cold blast 
6. 125 4,086 33 221 254 Cold blast 
7(a) 272 10,400 38 226 264 Cold blast 
8 178 »,100 29 209 238 Cold blast 
iix's . 109 4,000 37 227 264 Cold blast 

ae 140 5,100 36 226 262 Cold blast 

32 163 195 Hot blast 
Average of 10 plants......... (37 225 261 Cold blast 


(a) Two cupolas. 

The coke ratio is as follows: Cold blast—exclusive of bed, 1 to 9.0 
(thermal efficiency, 35.5 per cent); including bed, 1 to 7.6 (thermal effi- 
ciency, 30.0 per cent). Hot blast—exclusive of bed, 1 to 12.4 (thermal 
efficiency, 49.0 per cent); including bed, 1 to 10.2 (thermal efficiency, 
40.3 per cent). 


Table 7 gives the record for the hot-blast cupolas made by the 
first two installations. Since that time nine additional installa- 
tions have been made in the chilled-iron industry and three in 
other specialized industries, with economies in fuel as follows: 


Saving 
in coke, 
per cent 

Griffin Wheel Co., Detroit...... 
Griffin Wheel Co., Denver 
Griffin Wheel Co., St. Paul ; 
Griffin Wheel Co., Kansas City 
Griffin Wheel Co., Salt Lake City 
New Orleans Car ‘Wheel Co., New Orleans..... 
Maryland Car Wheel Co., Baltimore 
Kohler & Kohler, Kohler, Wis. (two cupolas). 
National Malleable & Steel Castings Co.................... 25 


So far as economy in fuel is concerned, the foregoing installa- 
tions indicate that an average saving of 27 per cent of the fuel, 
or 60 lb. of coke per ton of iron melted, can be saved in cupolas 
in which the blast is preheated. The price of coke per ton 
ranges from $10 to $15, or from '/2 cent to */, cent per pound. 
A minimum saving of 60 Ib. of coke per ton of iron melted there- 


fore represents a saving in fuel of from 30 to 45 cents. The 
present consumption of coke in the foundry industry is upward 
of one and one-half million tons per annum, which, including 
the cost of handling, represents an expense of $20,000,000, 25 
per cent of which, or $5,000,000, can be saved annually by the 
use of the hot-blast cupola. 


OTHER ECONOMIES 


In addition to the fuel economy, the air requirement is 25 per 
cent less per ton of iron melted than in present cupola practice, 
and the blast pressure is reduced 50 per cent, which makes a 
total reduction in power requirement of 50 per cent. This is no 
small item in the first cost, as well as subsequent depreciation 
charges for motors, blowers, etc. 

One of the installations melting 23 tons per hour reported a 
saving of 20 per cent in the maximum current demand for the 
entire plant, which, in connection with the reduced current 
consumption, goes a long way toward the interest charge on the 
cost of the new installation. 

The reduced amount of coke means a reduction in fluxes, and 
hence less slag is produced, which not only is a saving in itself, 
but is an element in the economy of fuel, assists in increasing 
the temperature of the iron, and is less destructive to the brick 
lining. A saving of 20 per cent of the cost of cupola lining is 
reported, which represents another decided economy. 

Another feature of importance is the added control of cupola 
operations. The temperature and volume of the blast, and in 
fact the entire condition of combustion, are under the complete 
control of the operator. This is of special importance in the 
chilled-iron industry where delicate control is absolutely neces- 
sary. A variation of 0.05 of 1 per cent either way from the 
predetermined analysis is disastrous to the product. A test 
piece is taken at 10-minute intervals, and any variation in the 
depth of chill can be immediately corrected by the added con- 
trol afforded by the preheated blast. 

It has been assumed by writers on cupola practice that cast-iron 
tubes are not satisfactory for preheating the blast. In contrast 
to this assumption, an inspection of blast heaters which have 
been in continuous use for over three years shows no sign of 
deterioration in any respect, and there is no sign of oxidation or 
scale of any sort. Not a tube has been replaced in any of the 
hot-blast installations, and from present indications the tubes 
and the heater will last many years without replacement. It 
has, however, been found necessary to swab out the tubes every 
week or two at an expense of $5 where the work is performed 
on a piecework basis. 

The advantages of the preheated blast are demonstrated by 
the daily performance of each installation now in service. The 
process has passed the experimental stage, and we are therefore 
assured that the application of preheated blast to cupolas, in 
connection with a more thorough understanding of the use of 
alloys, heat treatment, etc., is introducing a new era in the foun- 
dry industry which will develop an ever-enlarging field for cast. 
iron in competition with malleable iron and steel. 
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Fig. 1 Tyrer 


By ALEXANDER ©. 


In this profusely illustrated paper the author, after briefly re- 
ferring to the cable tramway first used for handling ore, takes up 
the development of the bridge type of tramway. The invention of 
the automatic grab bucket and the adoption of electric power, he 
points out, made possible the modern methods used in unloading and 
rehandling ore. He then discusses various methods which have been 
proposed to secure stability and safety in ore bridges in order to 
withstand wind storms of high velocity. Types of wind bracing are 
then dealt with, as well as skewing bridges for avoiding twisting 
stresses when one end of bridge travels faster than the other. The 
four travel mechanisms which have been largely used are described, 
following which tracks and track wheels are considered. The paper 
concludes with a brief discussion of improvements which have taken 
place in trolley design as distinguished from design of the bridge 
structure. 


ORTY-SIX years ago The Engineering and Mining Jour- 
nal printed an editorial (under date of September 29, 1883), 
part of which reads as follows: 

“During the visit of The American Society of Mechanical 
Kngineers to Cleveland, they had occasion to inspect the working 
of an improved method of handling material at the ore docks in 
that city. The apparatus there used was employed in hoisting 
iron ore from ships and conveying it to the dumping ground on 
the docks. It worked with such precision and such speed that, 
although the party was fatigued after a hard day’s work, it ex- 
cited a great deal of interest and was commented on most favor- 
ably. We are now pleased to be able to give the necessary il- 
lustrations which place us in a position to describe in detail the 
working of the Brown Hoisting and Conveying Machine, the 
invention of Mr. Alexander E. Brown, of Cleveland.” 

With this invention (Fig. 1) originated the idea from which all 
modern bridge cranes have been developed. 


Earty Tramways Loapinc MetuHops 
‘These first cable tramways consisted of a front and back pier 


1 President, Industrial Brownhoist Corporation. Mem. A.38.M.E. 

Presented at the Third National Meeting of the A.S.M.E. Lron and 
Steel Division, Cleveland, Ohio, September 11 to 13, 1929. 

Nore: Statements and opinions advanced in papers ure to be 
understood as individual expressions of their authors, and not those 
of the Society. 


Ore-Handling Bridges 


BROWN,! CLEVELAND, OHIO 


or CarpLe-TRAMWAY SYSTEM 


placed several hundred feet apart, with a heavy cable connecting 
them. This cable formed a track on which a trolley carrying a 
1-ton-capacity ore tub bucket traveled back and forth. The 
tubes were hoisted, traveled to any predetermined point on the 
tramway, and dumped. Empties were returned to the vessel 
by gravity, the back pier being built considerably higher than 
the front one in order to accomplish this purpose. 

The rigs were steam operated, and could be traveled along the 
tracks on which they were mounted so that a boat could be un- 
loaded without the necessity of its being moved. As a rule, 
three or four automatic dumping tubes were used in each hatch. 
The shovel gang in the ship’s hold filled these continuously, for 
the tramway was capable of taking out a loaded tub and bringing 
it back empty at the rate of two or three a minute. When an 
empty came back it was disengaged, and a full one hooked on. 

In the early eighties the bessemer process was being widely 
adopted in this country, and the demand for steel was growing by 
leaps and bounds. New blast furnaces and mills were being 
built, and where two and a quarter million tons of ore were 
handled on the Great Lakes in 1883, this figure was doubled in 
1887 and tripled four years later. In 1928 the shipment of ore 
by boat amounted to 53,446,000 tons. 

The greatly increased demand for steel in the early nineties 
naturally created a corresponding increase in ore production at 
the mines, and the demand for greater speed in transportation 
and unloading facilities was incessant. Out of this need came 
larger vessels and larger freight cars, and the cable tramway was 
superseded by the bridge tramway which utilized a steel and wood 
run way for the tub buckets instead of wire cable (Fig. 2). 

Like their predecessors, these bridge tramways were steam 
operated, but the clear span of the bridges was reduced to 180 
ft. The height of the rear pier was 45 ft., while that of the front 
pier was 30 ft., and the empty tubs were returned by gravity 
to the boat for refilling just as on the cable tramway. 

The next advance in unloading methods was the addition of 
the cantilever extension to the bridge tramway (Fig. 3). This 
was made in order to increase the ore-storage area under the 
bridge. The adoption of double bridges (Fig. 4) operated by one 
steam plant had the advantage of the unloading speed of two 
bridges with the economy of one power plant divided between 
them. 
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During this entire development the old type of tub, which had 
to be filled by hand, was still in use, and presented a serious draw- 
back to'the efficiency of the bridge unloader. The constant 
demand for more tonnage at lower labor costs drew the attention 
of engineers to the problem of developing a self-filling bucket 


grab buckets were of one or two tons capacity, and while some- 
what crude according to present-day standards, they made pos- 
sible the modern methods of unloading and rehandling ore. 

The fact that the operator of a bridge was stationed at one 
point and could not at all times see his bucket, seriously retarded 


Fie. Earty Type or TRAMWAY 


Fic. 3 Earity Type or Bringk Tramway CANTILEVER EXTENSION 


and as a result a shovel bucket (Fig. 5) was developed. This 
bucket filled itself on the scraper principle, but was used only for 
reclaiming coal and ore from storage, the old hand-filled tub 
still being retained for unloading boats. 


INTRODUCTION OF AUTOMATIC GRAB BuckET AND MAN TROLLEY 


The inability of the shovel bucket to unload vessels led to the 
invention of the automatic grab bucket (Fig. 6). These first 


operating speeds. The increasing use of electric power enabled 
this objection to be overcome by the use of the electric man trol- 
ley (Fig. 7). On this new man-trolley bridge crane the operator 
traveled back and forth with the load, and had the great advan- 
tage of being over the bucket at all times. The first man-trolley 
bridge was equipped with tub and scraper buckets, but later 
bridges were constructed to operate grab buckets. 

Since the invention of the grab bucket, developments in bridge- 


A 
| | i | 


IRON AND STEEL 


Vy v 
Mie 


Fic. 4 Dovsite Brinces OreraTED From ONE STEAM PLANT 


crane construction have constantly increased the size of the 
buckets used (Fig. 8). Modern ore bridges, when designed to 
unload vessels direct into storage, are now usually equipped with 
10-ton buckets, and when designed for storage, only with 15-ton 
buckets. 

A reduction of the number of men in the hold of the vessel dur- 
ing the cleaning-up period has been accomplished by means of the 
clean-up bucket (Fig. 9). Thuis is designed with very wide spades 
and with a spread, when open, of about 25 ft. When closed, its 
dimensions come within the clearances of the hatches so that it 
may be lowered into the boat while closed, and opened in the 
hold with spades opening lengthwise of the vessel, cleaning up 
between the hatches as well as directly under them. 

In presenting some of the problems of present-day bridge-crane 
design (Fig. 10), it should be noted that different manufacturers 
have developed different ways of solving them, and various 
methods with considerable diversity in design have proved ef- 
fective and satisfactory. 


STABILITY AND SAFETY OF OrE BripGes TO WITHSTAND 
WInp Storms 


Stability and safety of an ore bridge to withstand wind storms 
of exceedingly high velocity which are particularly prevalent 
during certain seasons of the year at ore docks bordering the Great 
Lakes, have become requirements of primary importance. It is 
a present-day fact that in considering the installation of a new 
ore bridge, purchasers give more time and study to these condi- 
tions of stability and safety than they do to questions of speed 
and economy in the handling of the required tonnages of ore. 

Bridge cranes should not be operated under conditions of wind 


Fie. 5 Scraper Bucket For REHANDLING ORE 
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velocity in excess of 35 to 40 m.p.h. It is customary to provide 
an anemometer arranged to cut off power to the bridge when the 
wind velocity approximates these figures. It is wise for the oper- 
ator to shut down his bridge, and see that it is properly clamped 
to the rails before a wind velocity of this amount is attained. 
Bridge cranes are ordinarily figured to withstand, under working 


Fie. 6 Earty Tyre or Gras Bucket 


Fic. 7 Brivce Crane Equiprpep Witn Earty Tyre or MAn 


TROLLEY 


conditions, a wind velocity of from 40 to 50 m.p.h. When 
clamped to the rails they are figured to be safe in a 100-m.p.h. 
wind. 

The holding power of a bridge crane on its runway is the first 
essential for safety in wind storms. Proper holding brakes for 
the truck wheels provide the most important safety factor, with- 


out which all other devices are inadequate. Accordingly, modern 
practice requires that all wheels should be driven and capable of 
being locked with suitable holding brakes. Without the use of 
other safety devices the bridge crane should be able to withstand 
an 80-m.p.h. wind when all wheels are locked by the travel 
brakes. 

Rail clamps, either electric automatic, electric semi-automatic, 
or hand operated, have now become an essential safety require- 
ment. They should be designed to hold in an 80-m.p.h. wind 
without having the traveling brakes set. The combined effect 
of braking all the wheels and setting the rail clamps should there- 
fore be adequate to withstand a higher-velocity wind than that 
for which the bridge structure is figured to be safe. 


Fic. 9 Mopern CLean-Up Bucker 


An additional safety factor is a spud on the bridge trucks. 
When this is used there are anchored in the concrete runway at 
intervals of about 100 ft., cast-steel sockets having openings about 
1 ft. longer than the width of the spuds. When the bridge is to 
be shut down it is traveled to the point where the spud will 
register with one of these sockets, and the spud is lowered into the 
socket at about its center. This allows about 6 in. travel of the 
bridge before the spud comes up against the side of the socket. 
This spud is ordinarily used in connection with a type of rail 
clamp that requires a certain small movement of the bridge along 
its runway before the full clamping effect results. The spud and 
rail clamps should be so arranged that no power can be delivered 
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Fic. 10 


Two Mopern 10-Ton Ore BripGes 


Fra. 11 


Fic. 12 Brincge Tramway Truss LonG 


CANTILEVERS 


to the bridge-travel motor until the spuds are lifted and all 


clamps are fully released. If power should fail during the opera- 
tion of the bridge, the solenoid brakes on the moving gear and 
all rail clamps should be set automatically. 


Fic. 13° Ore Bringer, Mystic Iron Co., Mystic Wuarr, Mass. 


“4 


Fie. 14 Ore Brivce, THe Nationa, Tuse Co., Lorarn, Onto. 


With the use of this type of clamp, in conjunction with holding 
brakes for all wheels and a spud, the bridge is permitted a slight 
movement along its runway with the wind to take up the back- 
lash in the moving gear, by which time the cam action of the rail 
clamps has taken full effect, supplying maximum pressure, and 
the spud is brought up against the side of the socket, bringing 
all three holding devices into simultaneous and maximum ef- 
fectiveness. 

Of course, in the case of a bridge equipped with rack-and- 
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pinion drive for the travel mechanism, described later on, no 
further holding devices are ordinarily required than the locking 
of the travel pinions in the racks. A modified type of spud may 
be used in connection with the rack-and-pinion drive, but it has 
not usually been found necessary. 


Fic. 15 Ore Brince, Unitrep Furnace Co., Canton, Onio 


Fig 16 Ore Brince, WerrtTon STEEL Co., Werrton, W. Va. 


Fig. 17 Ore Brinces, Corrigan, McKinney STEEL Co., 
CLEVELAND, OHIO 


Desiens Repucine Sait AREA OF BRIDGE CRANES 


All of the foregoing obviously emphasizes the desirability of 
keeping the sail area of bridge cranes down to a minimum. It is 
a matter of engineering judgment to balance the desirability, 
from a safety standpoint, of increasing the strength of the bridge 
to withstand wind velocities greater than ordinary, against the 
undesirable feature of thereby increasing the sail area of the 


bridge, increasing its weight—and therefore the load on the foun- 
dation rails—and materially adding to its first cost. 

The parabolic truss (Fig. 11) is lighter and presents a smaller 
sail area than other types. Accordingly for many years more 
bridge cranes were built with this type of truss than with any 
other. In the case of bridge cranes requiring long cantilevers 
(Fig. 12), however, the same economy in weight is not accom- 
plished by the parabolic type due to the back sgays required for 
the cantilevers. In recent years the Howe trvss (Fig. 13) has 
been in most general use, both of the single-panel and the sub- 
panel types. 

Most bridge cranes today have riveted trus.es, whereas in 
earlier years the pin-connected type was in more general use. 


Fig. 18 Ore Brincge, CampBria Steet Co., JOHNSTOWN, Pa. 


Fic. 19 Ore Reeusiic IRON AND STEEL Co., YOUNGSTOWN, 
Ou10 


The pin-connected bridge (Fig. 14) is lighter, has a smaller sail 
area, and is easier to erect. If its maintenance is somewhat 
neglected, however, the pinholes wear and replacements become 
necessary. But if the rods are adjusted at reasonable intervals 
of time, so that the bridge is kept properly lined up, no such 
trouble will be experienced. Many users now feel that the struc- 
ture of a riveted bridge (Fig. 15) can be maintained more easily 
than is the case with a pin-connected bridge. 


Types oF WIND BRACING 


Intimately involved in the problem of bridge-crane design as 
affected by wind loads is the question of the type of wind bracing 
that should be selected. There are three types of wind bracing 
commonly used. Provided all conditions of loading and stress 
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IRON AND STEEL 


are taken into consideration in each case, satisfactory results are 
obtained with all three types of bracing. Bridges are in success- 
ful operation having only the top chords braced, only the bottom 
chords braced, and both top and bottom chords braced. 

In the case of bridges having only the top chords braced (Fig. 
16), wind stresses must be transmitted through the bridge truss 
to the top bracing. The resulting twist to the bridge structure 
must be taken care of by heavier trusses than would otherwise 
be required, and the top bracing alone must be heavy enough to 
take care of the transmitted stresses. 

When the man trolley is suspended from the bottom chord of 
such an open-type bridge having top bracing only, the twisting 


Fic. 20 Ore STEEL Co., Sparrows Pont, 
Mp. 
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Fie. 21 Ore BrinGe, YouNGsToOwWN & Tuse Co., 
On10 


effect is accentuated and must be provided for by additional 
weight in the members. To reduce these latter strains in a bridge 
with an open bottom chord (Fig. 17), the trolley track is some- 
times suspended as neag the upper chords as possible, reducing to 
a minimum the distance between the trolley runway and the top 
bracing. 

The second type of wind bracing (Fig. 18) is provided between 
the bottom chords only. Loading conditions are similar in the 
case of this type of structure, with the necessity of providing 
for the twisting strain mentioned above, except that the trolley 
is of course always suspended on its runway close to the lower 
chord bracing, reducing these strains accordingly. 
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The third type of wind bracing (Fig. 19), which includes bracing 
between the top cords as well as the bottom chords, has the 
merit of transmitting wind stresses directly through the bracing 
at both top and bottom chords, eliminating the twist due to wind 
loads and thereby making possible the design of a lighter structure 
for a given factor of safety. 


to 


2 Ore Brince, New York CENTRAL RAILROAD, ASHTABULA, 
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Fig. 23 Ore BrinGe, CARNEGIE STEEL Co., EpGAR THOMSON Works, 
Brappock, Pa. 


Fic. 24 Ore Bringe, Furnace Co., WARREN, 
On10 


Earlier bridges made use of the portal pier (Fig. 20), whereas 
more recently the general use of the inverted pier has further in- 
creased safety. The stability of a bridge equipped with a portal 
pier to withstand end wind or trolley thrust is simply measured 
by the weight of the bridge on the pier. The use of an inverted 
pier (Fig. 21) not only saves storage room in many cases, but 
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provides such resistance against end thrust or end-wind loads 
that before the bridge can tip over endwise the bridge structure 
itself must collapse. 


SKEWING BRIDGES 


The twisting strains that would otherwise be occasioned when 
one end of the bridge travels ahead of the other, causing the 


Fic. 25 Ore Brince Equippep With RackK-AND-PINION DRIVE 


bridge to get out of alignment, are eliminated in the case of the 
skewing bridge (Fig. 22). The pier end of the bridge is provided 
with a center pin connecting the span to the pier and allowing the 
bridge to rotate within certain limits on the pier cap. This is 
sometimes provided by carrying the bridge at four points on the 
pier with bronze shoes bearing on steel plates. The shear end is 
either carried on a ball and socket or suspended by means of 
some type of hanger. 

Skewing bridges should always be equipped with skew limits 
and an indicator in plain sight of the operator showing the amount 
of skew of the bridge. For safety purposes, a skew of 1 in 20 is 
ample. A double skew limit is a desirable feature, providing a 
skew of 1 in 20 for the first limit and perhaps 1 in 19 for the ulti- 
mate limit, in case the first limit should fail to operate properly. 

Many bridges are designed for a very much greater skew than 
is_ necessary purely for safety. In the early days when steam- 
operated rope-system bridges were linked together in pairs to 
utilize one steam plant for the two bridges, it was necessary 
particularly in the case of bridges unloading vessels, to provide 
a large amount of skew, so that in locating the point of operation 
of the bucket on one bridge it would not be necessary to move the 
entire unit, thereby moving the other bridge out of the proper 
position. Later this feature of a large amount of skew was con- 
tinued in the construction of some bridges where the operating 
conditions on the dock required moving one end of the bridge a 
considerable distance without traveling the entire bridge. Skews 
of as much as 1 in 4'/, were provided for this purpose. Modern 
bridges often provide a skew of 1 in 9, although it is doubtful 
whether operating conditions very often require more skew than 
necessary for safety or about 1 in 20. 


TRAVEL MECHANISMS 


The type of travel mechanism to be selected for an ore bridge 
is determined largely by considerations of safety, first cost, and 
upkeep. Four distinct types have been largely used: namely, 
rope drive, squaring shaft, motors on trucks, and rack and pin’on, 
The rope-drive travel mechanism has now become obsolete. 
It was never as safe as it apparently seemed to be, and was not 
easy to keep in proper operating condition. The squaring-shaft 
travel mechanism (Fig. 23), driving all trucks from a central 
motor house, has the merit of keeping the bridge more nearly in 
alignment and of providing for safety in high winds, due to the 
fact that there is only one brake to be maintained in proper ad- 
justment. Bridges equipped with travel motors on the trucks 
(Fig. 24) require maintaining at least four motors and brakes as 
compared with one in the case of the squaring-shaft mechanism. 


Fic. 26 Equatizinc Trucks ror Mopern Ore BrinGe 


Fic. 27 Ore Bringer, Battimore & Onto Loran, 


However, vibration due to the squaring shaf t is eliminated, lubri- 
cation is simpler, and over a period of time the upkeep costs are 
probably less. 

The travel mechanism at present considered safest by many 
bridge crane users is the rack and pinion (Fig. 25). The type 
which provides two pinion drives at each end of the bridge ‘adds 
an additional safety factor, in that each pinion with its brake is 
adequate to hold the end of the bridge should the other fail to 
act properly. Cutting the teeth of the large pinions meshing 
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with the rack on the crane runway reduces to a minimum the 
vibration when traveling. Bridges equipped with rack-and- 
pinion drive have not been in operation long enough to deter- 
mine whether depreciation materially reduces the safety of this 
type of drive. It is possible that, in the long run, and for most 
conditions of operation, the combination of brakes on all wheels, 
automatic electric rail clamps, and spuds provides ample and 
perhaps equal safety. The high cost of the racks makes it de- 
sirable from an economy standpoint to consider this type of 
travel mechanism only in case two or more bridges are to be 
operated on the same runway. 


Trucks AND TruCK WHEELS 


The use of equalizing trucks (Fig. 26) is a generally accepted 
requirement for the modern ore bridge to insure an equal distribu- 


Ore BripGe, AMERICAN STEEL AND WiRE Co., CLEVELAND, 
One 
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largely for rolled steel wheels, but if one could be sure of obtain- 
ing uniformly good cast-iron chilled-tread wheels, experience 
indicates that no better choice could be made. 


IMPROVEMENTS IN TROLLEY DesIGNs 


Thus far consideration has been given only to details of design 
of the bridge itself. From a materials-handling point of view 
the trolley and bucket are of course the very heart of the machine. 
(Fig. 27.) However a proper study of them could be adequately 
preesnted only at the expense of prolonging this paper far beyond 


Fic. 29. Mopern Ore-BrivnGe Man TROLLEY 


Fie. 30 


tion of the load to each wheel. A wheel pit in each of the run- 
way foundations is recommended, regardless of the tvpe of truck 
used, to facilitate the easy removal of truck wheels. 

The d>sign of properly constructed solid foundations and the 
use of heavy runway rails cannot be too strongly emphasized. 
The best engineers cannot make an ore bridge operate at reason- 
able maintenance costs if it must run on poor foundations. Many 
truck-wheel troubles and replacements are eliminated by the use 
of properly designed foundations. 

Truck wheels have been used with varying degrees of satis- 
faction when made of cast iron with chilled tread, cast steel, 
rolled steel, rolled steel with toughened rims, manganese steel, 
and tool steel. Present. experience with rolled steel wheels indi- 
cates that they wear faster than desirable for a truck wheel. 
When rolled steel wheels with toughened rims are used, the life 
of the wheel is considerably extended. The demand today is 


Tor View or Mopern Man TROLLEY, SHOWING ACCESSIBILITY 


its proper limitations. Accordingly, a few points only will be 
outlined. 

The choice of the use of direct or alternating current is de- 
termined largely by considerations of convenience and economy 
as applied to the particular plant where the bridge crane is to 
be installed rather than by operating conditions of the crane 
itself. Very successful installations have been made using alter- 
nating current, but experience indicates that a somewhat faster- 
operating trolley results from the use of direct current. Dynamic 
braking on the hoist mechanism is now universal practice when 
direct current is available. When alternating current is used, 
braking is accomplished through regenerative lowering and back 
torque. The bucket is then brought nearly to rest by a form of 
plugging the motors, after which a solenoid brake is applied. 

The early type of man trolley (Fig. 28) had a single hoisting 
motor geared to the closing drum. The shell drum was operated 
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by means of a slip friction between it and the closing drum. By 
this means, or in many cases by means of a separate clutch, the 
slack in the shell lines was taken up without supplying sufficient 
pull in them to open the bucket during the hoisting operation. 
Experience later proved that one-half or more of the total load 
of bucket and ore could be taken on the shell lines without open- 
ing the bucket, resulting in the adoption on many modern trol- 
leys of independent motors for both hoist and shell lines and elim- 
inating all clutches and slip frictions. 

Improvement in trolley design (Fig. 29) has been largely along 
the lines of ease of operation, accessibility, ruggedness, improved 
lubrication, simplicity, and reduced maintenance. 

The strenuous activity of the old-time trolley operator jumping 
on a foot brake or two, grabbing a hand-clutch lever and a hand 
brake, and pulling a stiff drum type of dial-faced controller, has 
been replaced, thanks to electrical improvements, by a comfort- 
ably seated operator pulling easily moved master control levers 
and, at times, air valves. 

Keeping the trolley in proper operating condition is also made 
much easier by the greatly increased accessibility afforded, as 
shown in Fig. 30. A new hoist or rack motor may be readily in- 
stalled in-a very short time without the necessity of tearing the 
trolley mechanism apart. 

Interest has been very keen recently in the design of roller- 
bearing trolleys. However, this design accomplishes very little 
appreciable saving in power, its merit being that of improved 
lubrication of the bearings. It is conceivable that about as 
satisfactory results might be accomplished by the development 
of the so-called single-shot lubrication applied to plain bearings. 

Improvements and refinements in the design of bridge cranes 
are continually being made and the future will undoubtedly show 


marked progress from year to year. The radical strides made 
during the early years, however, have not been duplicated since, 
and are not likely to be equaled again unless the purchasers of 
bridge cranes either adopt the policy of doing their own research 
and experimenting in engineering design along these lines, or 
conclude that the phenomenal earning power that this type of 
equipment has contributed to the iron and steel industry, as well 
as to many other industries, justifies adequate compensation to 
the manufacturer, measured not solely by manufacturing costs 
and the very considerable risks incurred, but by the engineering 
ability and brains which are involved. Only when brains are re- 
moved from a_ price-per-pound classification will engineering 
manufacturers of materials-handling bridge cranes be justified in 
devoting themselves extensively to research and development of 
this character. 


In the brief discussion which followed the presentation of the 
paper, Geo. T. Snyder emphasized the importance of inspecting 
the safety features each time the bridge was stopped. He also 
believed that the lubrication of the trolley should be effected from 
a central point, and that the runways should be built very sub- 
stantially, using long rails to reduce the number of joints. 

In reply to a question as to whether automatic rail clamps were 
justified over hand clamps costing less than half as much, the 
author said that if there was any danger at all that the clamps 
would not be set at the time they were needed, through negligence 
of the operator, the difference in first cost was immaterial com- 
pared with the risk of losing a bridge. Automatic electric clamps 
were generally designed so that they would set each time the 
bridge stopped. 
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Oil-Electric Locomotives in Steel-Mill 
Transportation 


By W. L. GARRISON,' NEW YORK, N. Y. 


Diesel locomotives in this country and abroad, despite 
rapid improvements in steam locomotives and the recent 
spurt in railroad electrification. 

During this period 39 oil-electric locomotives, totaling approxi- 
mately 16,000 Diesel horsepower, have been placed in actual 
service in the United States, and have decidedly established 
themselves in switching service both in railroad and industrial 


GS Dies June, 1924, there has been a marked development in 


vards. 

The internal-combustion engine is admittedly the most 
efficient form of prime mover at present 
available. Electric drive is generally 
regarded today as the most reliable Biideaiein 
and promising form of transmission Central Railroad Co. . 


Baltimore and Ohio R.R.... 


yet considered as applicable to the Lehigh Valley R. R.. 


Diesel engine. The union of the two Long Island R.R....... ea 


has been made possible by the elec- 
trical regulation developed by Hermann 
Lemp, and is now in general use by the 
General Electric Company on gas-_ Erie Railroad Co..... 
electric rail cars, gas-electric buses, - 
and oil-electric locomotives in this Reading Co.............. 
Delaware, L. and W. R.R. 
_The creation of the first American pan Copper Co.......... 
oil-electric locomotive dates back to Red River Lumber Co 


Great Northern Ry. Co..... 


1912, when the General Electric Com- Ingersoll-Rand Co....... - 
pany built the cab and running gear, “0m Carbide Co. 
which constituted the first sixty-ton, 
300-hp. experimental unit. This was 
successfully demonstrated on several 
Eastern railroads from June, 1924, until 
October, 1925. 

Today the total oil-electric locomo- 


New York Central R.R 


tives in service and under construc- — pyoboken Shore Road.......... 


tion include the following, as shown in 
Table 1. Illinois Central R.R... 


RAILROAD APPLICATION 
Foley Brothers...... 
Naturally enough, the first applica- Locomotive Works. 


tion of the oil-electric locomotive in Lehigh Valley R.R. 
New York Central. 


this country was in railroad-yard ser- Long Island R.R. 


Canadian National R.R.*.......... 
vice. The railroads are the largest Westinghouse Elec. and Mfg. Co. 1—300 hp. 


users of motive power for train haulage, . 


and set the pace for locomotive require- 
ments and development. 

It is undoubtedly true that local 
conditions played an important part in their initial introduction 
in the freight yards of congested cities, where the elimination of 
smoke and noise with its resulting possibility of increasing real- 
estate values was and is of major importance. 

Five years’ service experience under some very rigid operating 


1 Assistant Manager of Locomotive Department, Ingersoll-Rand 
Co. Mem. A.S.M.E. 

Presented at the Third National Iron and Steel Meeting of the 
A.S.M.E., held at Cleveland, Ohio, September 11 to 13, 1929. 

Norte: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 


Chicago and North Western 


American Rolling Mill Co... 


Donner Steel Co............ 


conditions, however, has established the fuel economy, low 
maintenance, and reliability of the oil-electric locomotive in 
railroad-yard switching. They will now be found in the heavier 
classification and transfer-yard service, and just starting in 
main-line or branch-line local-freight service. 

Increasing attention is being given the oil-electric locomotives 
by many railroads at the present time, and extensive tests are 
being conducted on several roads to determine their future 
requirements and increased application, both in yard and branch- 
line service. The Lehigh Valley Railroad has recently com- 


TABLE 1 
Number and size Placed in 
units operation Manufacturer 
1—300 hp. October 1925 I1.R.—G.E.—A.L. 
aa . 1—300 hp. December 1925 I.R.—G.E.—A.L. 
ws 1—300 hp. January 1926 I.R.—G.E.—A.L. 
1—600 hp. February 1926 I.R.—G.E.—A.L. 
1—600 hp. September 1928 I.R.—G.E.—A.L. 
1—300 hp. April 1926 I.R.—G.E.—A.L. 
1—300 hp. October 1926 I.R.—G.E.—A.L. 
1—300 hp. April 1927 1.R.—G.E.—A.L. 
1—300 hp. May 1926 I.R.—G.E.—A.L. 
1—600 hp. September 1927 I.R.—G.E.—A_L. 
‘ 1—600 hp. September 1927 I.R.—G.E.—A.L. 
1—300 hp. September 1928 I.R.—G.E.—A.L. 
1—825 hp. Building I.R.—G.E. 
1—300 hp. June 1926 I.R.—G.E.—A.L. 
1—300 hp. March 1928 I.R.—G.E.—A.L. 
1—300 hp. June 1926 I.R.—G.E.—A.L. 
1—300 hp. June 1926 I.R.—G.E.—A.L. 
1—300 hp. August 1926 I.R.—G.E.—A.L. 
1—600 hp. September 1926 I.R.—G.E.—A.L. 
1—600 hp. November 1926 I.R.—G.E.—A.L. 
1—300 hp. December 1926 I.R.—G.E.—A.L. 
1—300 hp. August 1927 1.R.—G.E.—A.L 
1—300 hp. November 1927 1.R.—G.E.—A.L. 
1—600 hp. April 1998. 1.R.—C.E.—A.L 
ene 1—300 hp August 1928 1.R.—G.E.—A.L 
1—300 hp. December 1928 I.R.—G.E.—A.L 
1—300 hp. December 1928 I.R.—G.E.—A.L 
{ 1—O.E. Battery February 1928 I.R.—G.E.—A.L 
1—750 hp. June 1928 I.R.—G.E.—A.L 
1—300 hp. April 1928 I.R.—G.E.—A.L 
1—300 hp. January 1929 1.R.—G.E.—A.L 
1—300 hp. January 1929 I.R.—G.E.—A.L 
1—300 hp. January 1929 I.R.—G.E.—A.L 
{ 1—300 hp. January 1929 I.R.—G.E. 
1—600 hp. January 1929 1.R.—G.E. 
1—600 hp. March 1929 I.R.—G.E. 
1—600 hp. Building 1.R.—G.E. 
.. J 1—600 hp. Building 1.R.—G.E. 
1—600 hp. Building 1.R.—G.E. 
1—600 hp. Building 1.R.—G.E. 
1—600 hp. Building 1.R.—G.E. 
. 1—600 hp. Building 1.R.—G.E. 
1—1000 hp. 1925 Baldwin—Knudsen 
1—300 hp. June 1927 McIntosh and Seymour—G.E. 
1—880 hp. 1928 McIntosh and Seymour—G.E,. 
1—660 hp. May 1928 Beardmore—Westinghouse 
1—2660 hp. November 1928 Beardmore—Westinghouse 
December 1928 Beardmore—Westinghouse 
2—300 hp. Building I.R.—G.E.—A.L, 
35—300 hp. O.E. Building I.R.—G.E. 
Battery 


* Half of locomotive in operation November, 1928. The other half will be completed in 1929. 


pleted a series of tests with its oil-electric locomotive over the 
entire system, operating it in various yards under widely different 
switching conditions along the line. 


Sree, Mitt Application 


Undoubtedly the American Rolling Mill Company has pio- 
neered many important developments in the manufacture of 
steels. To these should be added the first application of oil- 
electric locomotives in steel-mill transportation and yard-loco- 
motive despatching by radio. Its first 300-hp. locomotive was 
installed in November, 1927, at the Ashland, Kentucky, plant, 
where four such units are now being operated. In April, 1928, 
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Fic. 1 American Company’ 


a 600-hp. locomotive was placed in service in the Middletown 
plant. During the same month, the Donner Steel Company 
also placed in service a 300-hp. locomotive in its Buffalo plant, 
and added three more in January, 1929. 

The Westinghouse Electric and Manufacturing Company is at 
present building a 300-hp. oil-electric locomotive for steel-mill 
service, which will shortly be installed in the Butler plant of the 
American Rolling Mill Company. It is to these two steel 
companies that the author is greatly indebted for the informa- 
tion contained in this paper. There is a most exacting test for 
an oil-electric locomotive in the transportation service of a 
modern steel mill, where continuous service and a high percentage 
of availability are required. 


PRESENT DEVELOPMENT 


To date three classes of oil-electric locomotives have been 
developed for yard-switching service. First there is a 300-hp. 
locomotive equipped with one six-cylinder, 300-hp., 200-kw., oil- 
engine generator set weighing approximately 65-75 tons, and 
having a starting tractive effort of 39,000 to 42,000 Ib. Second, 
a 600-hp. locomotive equipped with two six-cylinder, 300-hp., 
200-kw. oil-engine generator sets weighing approximately 100- 
110 tons, and having a starting tractive effort of 60,000 to 66,000 
lb. Third, an 800-hp. locomotive equipped with one six-cylinder, 
800-hp., 500-kw., oil-engine generator set weighing approximately 
110-120 tons, and having a starting tractive effort of 66,000 to 
72,000 Ib. 

These locomotives are all constructed with two, four-wheel 
swivel trucks with four traction motors geared for low-speed 
service, and for negotiating short industrial curves. They may 
also be equipped with multiple-unit control permitting the 
operation of one or more articulated units under a single crew 
The locomotives at the Ashland plant of the American Rolling 
Mill Company are equipped with this feature. 

The oil-electric locomotives, therefore, have the advantage 
common to electric locomotives in that they may be built up 
of articulated units operated from one control station, making 
possible a large freight or passenger locomotive of 3300 hp. 
for main-line service. 


s 300-HorsepowerR LocoMoTIvE IN OpeRATION AT Its ASHLAND PLANT 


The Canadian National Railway has practically completed 
such a locomotive of 2660 hp. built up of two cabs articulated, 
and weighing approximately 325 tons. It is powered with 
Westinghouse Electric Company’s equipment and two twelve- 
cylinder, V-type, solid-injection, Beardmore Diesel engines, 
developing 1330 hp. each at 800 r.p.m. 

It is of interest to know that in Europe five 1200-hp. Diesel- 
electric locomotives have been placed in service on the railways 
of Russia, and nine more are under construction. These loco- 
motives were designed by Professor George Lomonossoff in 
collaboration with the Hohenzollern Locomotive Works at 
Dusseldorf. They are powered with M.A.N. six-cylinder, four- 
cycle Diesel engines developing 1200 hp. at 450 r.p.m., and with 
Brown Boveri electrical equipment. 


Tue Power PLANT 


The prime mover of the oil-electric locomotive is an oil engine 
designed solely for railroad locomotive service. 

The original specifications for such an engine were drawn up 
in December, 1920, after considerable experimentation and 
development work on the part of the internal-combustion- 
engine department of the General Electric Company. These 
specifications demanded the following positive requirements, in 
their order of importance: (1) Reliability, (2) good balance, 
(3) high speed and low weight, (4) accessibility with low main- 
tenance, (5) absence of noise and smoke, (6) reasonable fuel 
economy, (7) reasonable lubricating-oil economy, and (8) reason- 
able first cost. 

So that one may better appreciate the problem placed before 
the oil-engine designers it may be advisable to enlarge a little 
upon the demands made upon a locomotive oil engine. In the 
first place the locomotive oil engine must be compact, and 
relatively low in height compared to either stationary or marine 
oil engines. It must be relatively light in weight, but very 
strong and rigid to maintain alignment of the working parts 
and withstand the strains imposed upon it by the flexibility of 
the locomotive frame. All parts must be accessible for repair 
work with due consideration given to the space available in the 
cab in which to work. 
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Because of its relatively small size, and because it is coupled 
to an electric generator whose dimensions must also be small, 
the engine must be of the high-speed type, yet commensurate 
with reasonably long life. The engine must be very flexible in 
speed and power control, and must be capable of taking sudden 
and continued periods of maximum load. 

To justify its existence and to compete with the steam loco- 
motive, the oil engine must be economical in fuel, lubricating oil, 
and water consumption, and relatively free from noise and smoke. 
It must be reliable and durable in operation, and must require a 
minimum of attention and repair. Since the oil engine is the 
prime mover of the locomotive, a large part of the burden of 
maintaining the commercial economy cf the whole unit falls 
upon it. 

The engine developed to meet these requirements, and now 
in steel-mill service, is of the vertical, trunk-piston, six-cylinder, 
four-stroke-cycle, single-acting type, with direct fuel-oil injection. 

The 300-b.hp. unit has 10-in. diameter cylinders and 12-in. 
stroke, operating at variable speed between 250 and 550 r.p.m. 
developing 75.6 lb. brake mean effective pressure, and weighing 
approximately 60 Ib. per hp. Cylinders, cylinder heads, and 
combustion chambers are completely water jacketed. 

Fuel-oil injection is accomplished by means of two opposed 
spray nozzles in each combustion chamber. To these nozzles, 
oil is delivered under pressure by an injection pump driven from 
the main shaft. No compressed air is used for fuel injection. 
Ignition takes place automatically due (1) to the heat of com- 
pression when the charge of air is drawn into the cylinder on 
the suction stroke of the piston, and (2) to the thorough mixing 
of air and atomized fuel because of turbulence. 

One fuel-injection pump serves all cylinders, and the fuel 
distribution is obtained by a single distributor timed to admit 
oil to the spray nozzles of each cylinder in their proper firing 
order. 

The lubricating-oil system is entirely enclosed and of the 
foreed-feed type. It uses a gear-driven pump in the crank case 
to circulate the oil to the moving parts. The body and clean- 
ness of the oil are maintained by a motor-driven continuous oil 
centrifuge. The closed cooling-water system is used on the 
engine, operated by a centrifugal pump driven from the crank 
shaft. 


ELecrricaL TRANSMISSION 


In automotive equipment there are several systems for trans- 
mitting the energy of the power plant to the driving wheels. 
The most important among these are the mechanical-trans- 
mission, the hydraulic-transmission, the pneumatic-transmission, 
and the electrical-transmission systems. 

Mechanical transmission was first to be considered and first 
to be found unsuitable for locomotive use. There is too much 
shock and too much wear when clutch and gears are employed 
in high-power work. Shock weakens the whole structure, while 
wear lowers transmission efficiency. Relatively few steps in 
gearing are possible, and in order to change gears the speed 
of the prime mover must be changed also, reducing engine 
horsepower, and making the locomotive speed dependent upon 
the engine speed. 

Acceleration is slow, and it is impossible to reduce the speed 
of the prime mover in order to save fuel while the locomotive 
itself is coasting. Finally the human element enters into the 
shifting of gears, particularly where large power units are in- 
volved, as the operator’s judgment as to speed and tractive 
effort required is not always dependable. 

Serious objections must also be taken to the employment 
of hydraulic transmission for locomotive use. Here too there 
are gears to change, and it is a difficult problem to maintain 
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the tightness of a high-pressure hydraulic system under loco- 
motive vibration. The hydraulic fluid also has a tendency to 
saponify or become sticky under high temperature. Finally the 
fluid gasifies forming a springy rather than a rigid resistance 
with resulting loss in transmission efficiency. Pneumatic trans- 
mission is as yet in the experimental stage only, and no practical 
operating units are available. 

It is true that electric drive is not quite as efficient in trans- 
mission as mechanical drive under certain speed relations, but 
on the average it is. The efficiency of mechanical drive decreases 
rapidly as wear increases while electric drive constantly main- 
tains its original efficiency. The electric drive is a variable- 
speed transmission with an infinite number of speed changes, 
and with the right speed automatically selected by the trans- 
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mission itself rather than through the questionable judgment 
of the locomotive operator. 

The speed of the prime mover is entirely independent of the 
locomotive speed. Full rated horsepower of the engine can, 
therefore, be used at all times. Utilization of full engine power, 
regardless of locomotive speed, more than compensates for lower 
transmission efficiency. The electric drive provides a splendid 
cushion between road shocks and the prime mover, and it is 
durable. Faster and smoother acceleration can be obtained, 
both of which are of great value in switching and passenger- 
locomotive service. It simplifies the drive of auxiliary equip- 
ment, and places these under the direct control of the operator. 

Finally, as has been already demonstrated in the progress 
of electric motive-power equipment, rotary transmission is the 
ideal form of drive. The electric motor is simpler, more de- 
pendable, and has a lower cost of maintenance than any other 
form of rotary transmission. 
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For automotive equipment using internal-combustion engines 
as prime movers, whether it be gas-electric rail car, gas-electric 
bus, or oil-electric locomotive, the Lemp control developed for 
this service broadly covers a generator having a drooping char- 
acteristic furnishing direct current to series-wound traction 
motors, whereby constant energy is furnished over a wide range. 
The drooping characteristic of the generator is obtained in its 
original and simplest form. 

In Fig. 4 an exciter is shown mounted on the same engine 
shaft with the main generator supplying current to the sepa- 
rately excited field of the latter, whose current passes through a 


GENERATOR 
VE. 
EXCITER he (sen) 
FIELD 
70 TRACTION 
WERENT (Ab. 
7IELD 
CAPBON-PILE BAT 
THROTTLE 

OPENS 

STORAGE 

BATTERY 


Fic. 4 DigGram or Automatic Evectric For GAs AND 
Oit-E.Lectric Locomotives 


4 
RL. | 
Auxiliary Relay 
= Self Excited H 
= Field Traction 
= ot Motors 
: Field 
To Auxilliaries 
Commutating Frela\ 
Differential field 
Electric Starting 
Engine Throttle | Connection 


Fic.5 or Automatic Exectric ContTrot For OIL- 
Execrric Locomotive 


commutating field, then through a differential series field, and 
then through the traction motors. The exciter has its own 
field excited by a storage battery whose circuit is closed auto- 
matically by the first movement of the engine or locomotive 
throttle lever. 

A second method has the differential field in series with the 
traction motors. This is located on the exciter field instead 
of the generator while the modified exciter current passes through 
the only field on the main generator. The first plan is used 
mostly on locomotives for switching service, while the second 
has been applied to rail cars for light branch-line service. 

Both plans have one important characteristic in common; 
the operator by opening or closing the fuel admission to the 
internal-combustion engine by means of the locomotive throttle 
lever determines the amount of horsepower to be used, but the 
form in which this energy is given by the generator and received 
by the traction motors is out of his control and automatically 
determined electrically by the load itself. Thus electrical 
energy remains practically constant while two factors, volts 
and amperes, vary automatically. Expressing the same thing 
in mechanical equivalents, while the horsepower remains con- 
stant, the tractive effort and locomotive speed vary automatically. 
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The Lemp control, therefore, makes possible variable tractive 
efforts on the drivers from an internal-combustion engine prime 
mover whose chief characteristic is a fixed maximum possible 
torque beyond which it would stall. As a practical illustration 
of what this control will do, an oil-electric locomotive may have 
its air brakes set, the throttle 
opened wide, and the oil engine 
running at full speed without 
stalling. By gradually releasing 
the air brakes the locomotive 
will start to move, and finally 
attain its maximum speed con- 
sistent with the train resistance 
of the trailing load and the track 
profile encountered. 

Engineers accustomed to driv- 
ing steam locomotives can step 
into the cab of an oil-electric 
locomotive equipped with Lemp 
control and operate it at once 
without other instructions than 
the indication of the operating 
levers corresponding to those 
of asteam locomotive. This fact 
has been actually demonstrated 
on many occasions. 

A third plan shown in Fig. 5 
has recently been developed in which the exciter for the main 
generator has been increased in capacity considerably, and, in 
fact, becomes an auxiliary generator constantly excited, and 
supplying substantially constant electromotive force at all speeds 
and loads. This auxiliary generator furnishes energy for all the 
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locomotive auxiliaries such as brake-line air compressors, radiator 
fan motors, traction-motor blowers, control apparatus, and cab 
lights. 

The main generator under this plan is equipped with three 
windings, (1) a separately éxcited field of constant value from 
the exciter, (2) a self-excited variable field from its own com- 
mutator, and (3) a differential field in series with the traction 
motors. 


MECHANICAL FEATURES 


The mechanical features of the oil-electric locomotive are in 
general comparable to the straight electric locomotive. It has 
a steel box-type cab mounted on a single cast-steel locomotive 
frame carried on two swivel trucks, each having two axles. 
The cast-steel truck frames have center plate and pedestal jaws 
cast integral. 


? 
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The cab is divided into three compartments. These consist 
of the central compartment containing the power plant and 
control apparatus, and an operator’s compartment on each end. 
This is best illustrated by the floor plan of a 300 horsepower oil- 
electric locomotive shown in Fig. 15. 

The roof is provided with hatches over the power-plant 
compartment to permit removal of the oil-engine generator 
sets, and to facilitate inspection and removal of oil-engine 
cylinder heads. Mufflers for dampening the engine exhaust 
and motor-driven, fan-blown radiators are also located on the 
roof. 

An independent motor-driven air compressor supplied with 
current from the exciter or auxiliary generator provides 90 to 
140 Ib. air to the straight and automatic air-brake equipment 
under all operating conditions of the locomotive. Storage 
batteries charged automatically from the auxiliary generator 
are used for starting the oil engines, and for cab lights and con- 
trol equipment. 

During the five years of development, many improvements 
have been made in the mechanical details of the locomotive, 
including multiple brake cylinders, improved brake shoes, larger 
journals, cab platforms, overhead water tanks, friction draft 
gear, improved sand boxes, continuous lubricating-oil centrifuges, 
and finally the general arrangement and appearance of the 
locomotive. 


Sreet-MILL TRANSPORTATION 


Railroad yard-locomotive service covers a multitude of switch- 
ing movements from the spotting of a few cars on industrial 
tracks to the heavier freight classification and interyard transfer 
movements. 

Steel-mill transportation requirements undoubtedly call for 
many switching movements identical with the average railroad 
yard. However, the operating conditions existing in a steel- 
manufacturing plant and a railroad-terminal organization are 
so vastly different that each must be considered foreign to the 
other in the selection of locomotives, and in the performance 
results obtainable. 

Steel mills are primarily interested in the cost of steel products 
manufactured, and the continuous and uninterrupted flow of 
material through the plant from incoming raw material to out- 
bound finished products. 

Rail transportation of material, therefore, is a vital part of the 
steel-making process, and a department whose cost of operation 
has been almost entirely predicated on steam-locomotive per- 
formance, and subject to only slight variation. 

Oil-electric locomotives now offer a real possibility from the 
standpoint of cost reduction. Unfortunately, many steel plants 
have been built or have grown up through a process of evolution 
or plant extension with a minimum consideration of the loco- 
motive requirements and track construction necessary to facilitate 
low-cost transportation. 

This heritage of the past has resulted in many heavy grades, 
tight curves, too much duplication of locomotive movements 
between mill departments, and too many bottle necks in the 
track layout, where congestion of car movements means serious 
delay in material haulage. Many of these conditions cannot 
be changed due to plant limitations. In recent years, however, 
more attention has been given to the steel-mill transportation 
problem, resulting in many improvements. 

Increasing tonnage movements and the increasing number of 
70-ton capacity gondola and hopper cars have added their bit 
to the task of the steel-mill locomotive. With locomotive 
assignments of three eight-hour shifts per day, 365 days a year 
every year, there is no more exacting test for any locomotive 
than in the transportation service of a modern steel plant. 


Roughly the steel-mill service may be segregated as follows: 


1 Blast furnace 
a Hot-metal and slag handling 
b Ore, stone, and coke haulage 
c Miscellaneous 
2 Open hearth 
a Charging-pan buggies to open-hearth floor 
b Ingot-mold service to soaking pit 
c Scrap haulage 
3 Roustabout service 
a Material haulage between mills 
b Miscellaneous 
4 Classification yard 
a Incoming material handling 
b Finished material, weighing, and transfer 


The locomotive requirements for each of these services varies 
widely in different plants depending on the size of the mill and 
local operating conditions. In comparatively small mulls using 
a few locomotives of generally uniform capacity, and in large 
plants employing a great number of locomotives (ranging in 
size from a small four-coupled switcher to a large eight-coupled 
switcher or consolidation locomotive), the oil-electric locomotive 
may be used gradually to replace individual locomotives without 
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change of personnel or facilities available. The oil-electric 
locomotive is a self-contained unit, and can be used as such. 

Application. In the American Rolling Mill and Donner Steel 
Plants, 300-hp., 70-ton, oil-electric locomotives have replaced 
60-76-ton, six-wheel switchers of the tender type having tractive 
efforts of from 30,000 to 38,500 Ib. 

Tractive Effort. The tractive-effort-speed characteristics of 
the oil-electric and the steam locomotives are entirely different 
due to the constant power output of the former, and the varying 
power output of the latter with increasing rolling speed. This 
can best be illustrated and compared by the representative 
tractive-effort-speed curves of the locomotives shown in Fig. 8. 

The oil-electric locomotive, due to its greater factor-of-adhesion 
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which is characteristic of all electric locomotives, and due to its 
correspondingly greater horsepower available at low speeds, has 
considerably higher tractive power available up to 5-6 m.p.h. 
than a comparable steam locomotive. 

Both in railroad and steel-mill experience it has been learned 


tractive effort with increasing piston speed or rolling speed. 
To meet this requirement, the oil-electric locomotive must be 
equipped with sufficient oil-engine power to deliver the higher 
tractive power at increasing speeds. This has resulted in the 
development of larger sizes of oil-electric locomotives, and 


45,000 | ] 
35,000 60 =o 
TE. Temperature Cab, | | 
f | A jractive for t | Motor Commutator Terper ature 
© 25,000 20-— | 
Cont, Tif. | = Amp., per Motor 
20,000 z 400 Rating /\ fetal Motor | Kilowatts | 
o£ o | | L | 
5:30 AM 5:50 6:00 6:20 
ime 
it 
| 
Motor Comme ator \ Et fort | | | | | 
UN A | | ff 
F of o 4 
6:40 AM. 6:50 7:00 TO 7:20 7:30 7:40 7:50 
Time 
“Yemperature Cab. 
4725000 20 —~ 
Ss \Cont, TE. Tractive Effort-~._ 
020,000 400 & Ratin Amp. per Motor-< ary 
£ 2 9 Total Motor Kilowatts |*. | \ | | 
w 15,000 % 300 = ws 
oEo | LE |_| 
7: 50 AM 8:00 8:10 6:20 8:30 8:40 8:50 9:00 
Time 
“a 
S 35,000 < 60H 
4230,000 |, 40 TE. Rating Temperature Motor Commutator | 
| | Toter! Moter Kilowatt 
0 
9:00 AM 9:10 9:40 9:50 10:00 
im 


Fie. 9 Heatine Test or Armco Locomotive No. 742 on STANDARD JoB 
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that an oil-electric locomotive will perform most yard-switching 
service with smaller horsepower rating than is required of the 
steam locomotive. In general yard-switching service is per- 
formed at from 4to 10 m.p.h. On the other hand, heavy transfer 
service or fast classification-yard work requires greater tractive 
effort at higher speeds. The steam locomotive delivers greater 


Kw-hr. generated.............. 281 
Kw-bhr. generated per of 78 
Per cent load factor. . 


indicates the necessity of a careful survey of mill-switching con- 
ditions in the selection of motive power. 

In mill service to date, the higher tractive power available at 
low speed has been of great advantage in starting heavy drags 
on the level or up grades, placing loads on trestles without 
taking a long run for them, in spotting and weighing loads on 
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scale tracks, and in the many short movements around the mill. 

Economy. The prime mover of the oil-electric locomotive is a 
Diesel oil engine with a thermal efficiency of approximately 33 
per cent or 25-27 per cent at the driving wheels. In contrast 
the average steam switcher with fire box, boiler, and steam 
cylinders has an overall thermal efficiency of only 3-6 per cent 
at the driving wheels. 

The saving in fuel is at once apparent, and varies relatively 
with the local cost of oil and coal fuel. In the present steel-mill 
installations the 300-hp. oil-electric locomotive is operated with 
from 4 to 7 gallons of fuel oil per locomotive hour at a cost of 
about 24 to 42 cents per hour. 

In this same service the former steam locomotive consumed 
from 600 to 700 Ib. of coal at a cost of about $1.20 per locomotive 
hour. In service of this nature the oil-electric locomotive has 
shown an oil-engine load factor of from 18 to 24.5 per cent, and 
from 6.5 to 8 kw-hr. generated per gallon of fuel oil, corresponding 
to an average fuel cost of approximately four mils per kw-hr. 
generated. 

The lubricating oil consumption varies from 2500 to 3500 
rated oil-engine horsepower hours per gallon, and further reduc- 
tion in lubricating-oil cost is now obtainable by the use of con- 
tinuous centrifuges in the lubricating oil system. 

Availability. As regards availability for service the modern 
steam locomotive seldom produces an average greater than 40 
to 45 per cent in railroad yard service. Due to their smaller and 
more compact organization, increased shop facilities per loco- 
motive, and speedier handling of repairs in the shop, the steel 
mills are able to obtain a greater utilization of their steam loco- 
motives. Records from a large number of plants show a steam 
availability of not more than 55 to 60 per cent. 

The availability for service of an oil-electric locomotive is 
considerably higher due to the reduction in hostling service and 
inspections necessary, and to its greater reliability between 
shoppings. In the present steel-mill applications an availability 
of from 87.5 per cent to 93.5 per cent has been shown with regular 
eight-hour inspection periods every seven days. 

Hostling. The loss of time necessitated by cleaning fires, 
coaling tenders, taking water, washing boilers, and frequent 
inspections has been reduced greatly by the oil-electric loco- 
motive, whose hostling service requires approximately 7 to 15 
minutes per day to take on fuel, water, sand, etc. The elimina- 
tion of such steam auxiliaries is also a possibility in some mills 
offering cleaner and more attractive engine-house facilities. 

Maintenance. The oil-electric is a simple locomotive. There 
are fewer parts to repair, and the parts are smaller, less expensive, 
and easier to handle. With greater availability for service, 
there are fewer locomotives to consider, so that the present 
average steel-mill shop facilities and equipment may be con- 
tinued without further heavy investment. 

For the year 1928 one mill showed an average repair cost per 
locomotive hour of 56 cents for the oil-electric as against $1.07 
for the former steam equipment. The repair costs cover both 
running repairs and classified or major repairs, and the service 
thus far obtained with oil-electric locomotives would indicate 
that they will continue to be maintained throughout their life 
for approximately 50 per cent of the repair cost of steam equip- 
ment. 

Track Upkeep. With motors geared to each driving axle the 
oil-electric locomotive produces more uniform continuous torque 
at the driving wheels, at the same time eliminating pounding 
on rails and switches from side rods and counterweights. 

The result is less wear on tracks, trestles, and bridges with 
decreasing track-maintenance costs. This fact has been noted 
from casual observation, and it is hoped that concrete figures 
will be available as more locomotives are placed in service. 
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With power on each axle the locomotive can help pull itself back 
on to the track, saving both time and labor in cases of derailment. 

Noise and Smoke. Although the elimination of noise and 
smoke is of minor importance in steel-mill service, still it has its 
advantages in safety and cleanliness. It is of increasing value 
in plants where the products of combustion, accompanying the 
steam locomotive, are detrimental to the perfection of some prod- 
ucts or processes of manufacture particularly where switching 
movements must be made inside buildings. 

Safety. Under the present increase in the rate of steel pro- 
duction no mill need be cautioned regarding safety of operation. 
The oil-electric locomotive may be operated from either end of the 
cab by a single operator, and the report of the safety committee 
of one mill on such operation may prove interesting. 

1 The steam locomotive often gives out such a quantity of steam 
and smoke that the switchman is screened from view of the cab, 
and the locomotive must stop. This never occurs with the oil- 
electric type. 

2 The steam-locomotive engineer often receives signals from 
the switchman through his fireman. This relaying of signals could 
easily cause confusion. With the oil-electric, the operator always 
receives the instructions direct from the switchman. 

3 The operation of the oil-electric is less fatiguing than is that 
of the steam locomotive, because there is no heavy reverse lever to 
work. Therefore, the oil-electric locomotive operator would be 
more alert at the end of a turn. : 

4 The hazard of operation is reduced from two men on the 
steam to one on the oil-electric. In case of a wreck of the oil-electric, 
there is only one man to leave the locomotive. 

5 With the steam locomotive the coupling of buggies and cars 
is never seen by the engineer, and very often the switchman is out 
of sight between the buggies and locomotive while he is adjusting 
the coupling. With the oil-electric the coupling on the head end 
is always done in sight of the operator. 


Multiple Operation. Multiple-unit control has been developed 
and applied to the oil-electric locomotives at the Ashland plant, 
thus permitting the operation of two or more locomotives as 
an articulated unit with a single crew. One man can operate 
the articulated unit from any one of the control stations, and 
control the full power of the combined power plants simultane- 
ously from one throttle. 

This feature is of benefit in some mills where the greater per- 
centage of the switching can be performed by a uniform size of 
locomotive, and where the remaining intermittent heavier ser- 
vice can be handled by coupling two or more of these units 
together under multiple control with resulting standardization 
in locomotive operation and maintenance. 

Operating Records. In determining the size of an oil-electric 
locomotive for mill service, it is advisable to establish, if possible, 
the hardest cycle of work that the locomotive must perform, and 
how frequently this cycle is liable to occur. 

A test was made on one of the locomotives at the Ashland 
plant, the cycle occurring on what is termed their “Standard 
Yard Job.” The locomotive had been working on this job 
several days before the test was made. The temperatures re- 
corded at the beginning represent those that prevail most of the 
time, while the maximum temperatures recorded represent peaks, 
the duration of which is not likely to exceed that shown. 

It is of interest to note that during the four hours and twenty- 
one minutes of the test, the average oil-engine load factor was 
32.8 per cent. This is considerably higher than the normal 
load factor of 23.5 per cent for this same job, and very much 
higher than the load factor for the same size locomotive in rail- 
road float-yard service which averages from 8-13 per cent. 

A study was also made of the speed attained by the oil-electric 
locomotive on various assignments in the mill. The speeds 
attained on the open-hearth charging and open-hearth heat run 
never exceeded 18 m.p.h. and rarely 15 m.p.h., and then only 
for a fraction of a minute at a time. 
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The speeds attained on the blast furnace and standard yard 
run are higher, and speedometer readings were taken every 
minute for four hours. The results are shown on the speed-time 
curve (Fig. 11). 

OPpeRATING Costs 

It is evident from an analysis of the data submitted by the 
railroads on oil-electric locomotive operating costs that there is 
a lack of consistency of the returns in several instances. This is 
due to the difficulties confronting rail transportation companies 
in segregating the details of operation for a particular type of 


equipment. 
The industrial organizations have not had to contend with 
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such difficulties, and have been able to follow the* locomotive 
operation more closely. It is believed that the data thus ob- 
tained in steel-mill service gives a more reliable record of the 
actual operating results. 

The operating costs are segregated under the items of: (1) 
Power, including fuel, lubricating oil and waste, water, supplies 
and engine-house expense; (2) labor, including enginemen and 
ground men; (3) maintenance, including both running repairs 
and classified repairs, or back shopping; and (4) capital charges, 
including interest, depreciation and possibly superintendence. 

The operating cost records of the oil-electric locomotives in 
steel-mill service to date follows. 


PLANT A 


Operating aost in dollars and cents per locomotive hour. Date, 
August 1, 1928, to July 31, 1929. Oil-electric locomotives assigned, 4 


Oil-electric Steam 

1 Power 

31.3081 

. Negligible 0.0247 

Lubrication and waste.... 0.0581 0.0393 

Steam coal tower......... aera 0.0685 
2 Labor 

3 Maintenance 

Repairs 

Engine-house expense 1.78 2.7118 

Loco. supplies 
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4 Capital charges 


General works exp....... 0.4186 0.4540 
5 Miscellaneous 

Car and loco. rentals..... 0.1070 0.0458 

Safety and accident...... 0.1150 0.1430 


Engineering and drafting. 0.0250 0.0136 
Total cost of operation per loco. 
Saving oil-electric per loco. hour $2.8927 


Fic. 13) Truck or €00 Locomotive 


= 


Fic. 14 Operator’s CoMPARTMENT oF A 600 HorserpoweR OIL- 
Evectrric Locomotive 


PLANT B 


Operating cost in dollars and cents per locomotive hour. Date, 
January 1 to December 31, 1928. Oil-electric locomotives as- 
signed, 4 


Oil-electric Steam 
1 Power 
.. Negligible 
Included in supplies 
Loco. supplies......... 0.080 0.020 


Engine house............ 0.205 0.795 
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Fie. 15 Location or Equipment 1n 300 Horsepower Locomotive 


2 Labor 
Enginemen 1.660 3.310 
Ground men 

3 Maintenance 


4 Capital charges 

Interest....... 0.505 0.115 

Depreciation............ 0.815 0.115 

Superintendence......... 0.895 1.065 


Total cost of operation per 


locomotive hour.......... $5.085 $7. 700 
6 Saving oil-electric per loco- 
motive hour............. $2.615 


Each year the Interstate Commerce Commission publishes in 
its statistics of railways in the United States the average oper- 
ating cost of all steam locomotives in yard-switching service on 
Class 1 railroads. Since the origin of oil-electric locomotives in 
the United States, the cost of operation of steam locomotives in 
steel-mill switching service throughout the country has been 
analyzed. A comparison of the information obtained from these 
two sources is significant. 

Table 2 was compiled from the forty-first annual report of the 
Interstate Commerce Commission for the year ending December 
31, 1927, and covers the average cost of operation of 10,728 
steam locomotives in yard switching service on Class 1 railroads. 

Table 3 was obtained from thirteen different steel plants 
throughout the country and covers the average operating cost 
of approximately 108 steam locomotives in steel-mill switching. 
These locomotives include both 0-6-0 and 0-8-0 tender type, 
ranging in size from 52 to 120 tons on drivers, and in tractive 
effort from 23,000 to 48,000 Ib. 


TABLE 2 COST OF OPERATION OF STEAM LOCOMOTIVES IN 
YARD SWITCHING SERVICE 


Railroad 
All regions 
Service Steam 
Yard switching locomotive 
1927 loco. hour 
1 Power 
2 Labor 
3 Maintenance 


CONCLUSIONS 


Certainly no mechanical development with such far-reaching 
possibilities in rail motive-power application will continue unless 
it is economically sound and mechanically practicable. After 
five years of actual service it can be justly assumed that these 
two conditions have been met successfully. 

The principal argument against the oil-electric locomotive 
generally revolves around the question of first cost per unit, 
which varies from 2.25 to 2.75 times that of an equivalent steam 
locomotive. The steam locomotive, however, was faced with 
this same objection in its early stages, and it was only after many 
years of determination that progress was achieved. 

Faced with more expensive material and workmanship, the 
oil-electric manufacturers are not ignoring the first-cost problem. 
Efforts are being made in this direction by adhering to simplicity 
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TABLE 3 COST OF OPERATION OF STEAM LOCOMOTIVES IN 
STEEL-MILL SWITCHING SERVICE 


Steam locomotives; size, 52 to 120 tons; type, 0-6-0 and 0-8-0; T-.E. 
23,000 to 48,000 Ib. 


Railroad 
Steel mills 
Service Steam 
Yard switching locomotive 
1928 loco. hour 
1 Power 
a Fuel... 1.1340 
0.0507 
Lubrication..... 0.0313 
d Locomotive supplies 0.1078 
e Eng.-house exp.. 0.4582 
2 Labor 
a Engine men 1.5670 
Train men 
3 Maintenance 
Repairs. 1.0832 
Out of pocket... 4.4322 
No. locos. assigned 108 
No. of steel plants. 13 


Coal @ $3.971 per ton @ 570 Ib. per hr. ‘consumed. 


throughout the entire locomotive design. Increased production 
also offers the possibility of decreasing cost of manufacture, 
with resultant lower first cost. In the end, however, it is dura- 
bility and reliability that are all-important; and if a piece of 
machinery will continue to deliver a profitable return on the 
investment, the first cost is not primarily essential. 

The oil-electric locomotive offers great promise and is today a 
most serious development. It is attracting increased attention 
on the part of both railroad and industrial transportation de- 
partments, and is a factor which merits a closer and more com- 
prehensive study on the part of both manufacturers and users. 


Discussion 


A. L. Foriu.? The four oil-electric locomotives now operating 
in the plant of the Donner Steel Company have proved highly 
satisfactory, and the actual economies in the operation and 
maintenance of these locomotives have exceeded those estimated 
prior to their purchase. Mr. Garrison has expressed the savings 
in operating oil-electric locomotives as against steam locomotives 
in the customary terms of cost per locomotive hour. While this 
measure of comparison is convenient, it is not altogether fair to 
the oil-electrie locomotive to have the comparison made on that 
basis. This statement is prompted by the fact that over a period 
of, say, 24 hrs., the oil-electric locomotive will actually do more 
work in switching than an equivalent steam locomotive can do. 

In addition to the savings that Mr. Garrison has indicated, 
and which bear more particularly to service in steel plants, are 
a number of intangible savings that do not actually appear 
separately as costs chargeable to railroading. These are: (1) 
Savings in yard cleanup, and disposal of coal ashes from steam 
locomotives. (2) Savings in actual cost of refu@ing, and the 
elimination of the necessity for taking on large quantities of 
water. (3) Savings in the maintenance of interiors of buildings, 
under sides of trestles and subways, caused by the flue gases 
emitted from steam locomotives. (4) Savings in labor of clean- 
ing mill-building windows and electric-light fixtures by the 
elimination of smoke. 

Under the item of repairs and maintenance of locomotives, 
which has been an important factor in the plant, a very decided 
reduction in the expense of returning driving wheels on oil elec- 
tric locomotives as compared to steam locomotives has resulted. 
In explanation of this, the track system in the plant has an 
unusually great number of curves with relatively short straight 
tracks connecting them. These curves, it so happens, are prac- 
tically all in one direction, and has necessitated returning steam- 
locomotive driving-wheel tires about every six to nine months. 
Due to the short wheel base of the oil-electric trucks, and the 


2 Donner Steel Co., Buffalo, N. Y. 


ability to turn the engine end for end during definite periods of 
operation, it has been possible to operate No. 21 locomotive 
almost a year and a half without redressing the drivers. 

To sum up the matter the writer believes the substitution 
of oil-electric locomotives for steam locomotives offers savings 
comparable to the electrification of rolling mills in which steam 
engines have heretofore been replaced by electric-motor drives. 


T. C. Wurts.* There is a very broad and ever-expanding 
future for the use of the oil-electric type of motive power not 
only on the railroads, but in other industries, and the oil-electric 
locomotive is eminently adapted to steel-mill service. The heart 
of the oil-electric locomotive is the oil engine. Mr. Garrison 
has outlined the development of one type of oil engine to 
you. The company that the writer represents offers for consider- 
ation an oil engine, the history of its development being some- 
what different from that of its competitor. 

During the war, the British Government was very much in- 
terested in the development of a Diesel engine for aircraft ser- 
vice, and enlisted the assistance of the William Beardmore 
Company, Limited, Glasgow, Scotland, in efforts toward this 
end. As a result an oil engine for aircraft service was evolved. 
After the war, this aircraft engine was strengthened in all of its 
essential details to make it suitable for railway service, and the 
Canadian National Railways pioneered in its use in rail-car 
service. Ever since the introduction of this engine on the 
American continent, the Westinghouse Electric & Manufacturing 
Company has been working in close cooperation with the Cana- 
dian National Railways in this far-reaching development with 
the result that today there is in service or building for use on 
the American continent a total of over 14,000 hp. of prime- 
mover equipments of this general type with a service operation 
behind them of well over 2,000,000 miles. 

Many people have the misconception that this engine is 
applicable only to rail cars, and that the power-plant equip- 
ment used on a locomotive is radically different from that used 
on a self-propelled passenger car. This is not the case. Power- 
plant equipments used on rail cars as compared to those used 
on locomotives are identical with the single exception of the 
traction motors. On locomotives for switching service, slow- 
speed motors are required, whereas on rail cars high speed is 
required necessitating a different type of traction motor. The 
radical difference between cars and locomotives lies in the load 
factor of the prime-mover equipment. Mr. Garrison has stated 
that in the heaviest type of steel-mill service load factors were 
of the order of 18 to 24'/, per cent. On rail cars, however, 
load factors commonly experienced are of the order of 35 to 40 
per cent. It is therefore readily seen that experience in opera- 
tion and the development of weaknesses are accomplished almost 
twice as rapidly with prime-mover units applied to rail cars as 
compared with similar units applied to locomotives. 

For many years engineers of the Westinghouse Company 
interested in railroad transportation endeavored to persuade 
the management to use trolley locomotives in yard switching 
service. It was not until the oil engine was developed that the 
management built for their own use a 55-ton, 300-hp., oil-electric 
locomotive. This locomotive has now been in practically con- 
tinuous service since January 1 and as a result an average saving 
of $2.50 per hour of operation has resulted over similar steam 
service. This in spite of the fact that 10 cents a gallon is paid 
for fuel oil as a result of delay in proper fuel-storage facilities, 
with the result that for a long time fuel oil was purchased in 
drums rather than in tank-car lots. 

Steel-mill service requires certain features not ordinarily 
demanded by railroad transportation needs. The Westing- 

3 Westinghouse Electric & Manufacturing Co. 
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house Company has been building trolley-type locomotives for 
steel-mill service for upwards of 20 years. This experience has 
been incorporated into the construction of mechanical parts of the 
locomotives of the oil-electric type. In this connection the 
writer wishes to give a large amount of credit to the careful 
analyses that have been made by the American Rolling Mills 
Company of this particular type of unit with a view to developing 
a type of mechanical parts best suited to all-around steel-mill 
application. Among the special features that should be in- 
corporated are such items as safety platforms and steps, heat- 
resisting paint and heat-resisting glazing, adequate air supply 
for purposes of dumping ladles, etc., ready escape facilities for 
the operator in the event of accident, and electrical apparatus, 
particularly generators and traction motors capable of absorbing 
the fuel output of the prime mover unit at low speeds which 
are synonymous with high current rating. 

Another feature which is of particular interest is the placing 
of control stations at one end of the locomotive on the right- 
hand and left-hand sides of the control cab, so that the locomotive 
can be operated from either side at will. This enables the 
engineman to obtain his signals from the train crew around the 
tight curves and close clearances mentioned in Mr. Garrison's 


paper. 


A. H. Canper.‘ The paper covers the subject very thor- 
oughly and except for one minor point the writer agrees in 
general. Mr. Garrison has given a figure of 3 per cent to 6 per 
cent as the thermal efficiency of a steam switching locomotive. 
Comprehensive tests which the writer has reviewed recently 
shows the actual thermal efficiency to range from 1.2 per cent 
to 2.8 per cent with an average of 2.08 per cent. 

It was pretty clearly shown that the Diesel-electric locomotive 
is still in its infancy. Considerable improvement may be ex- 
pected in future units, just as the steam locomotive is still being 
improved. The remarkable feature is that, in spite of the 
hundred years of steam-locomotive development, oil-electric 
motive power enters the field, and is enthusiastically received 
by steam operators. This indicates the economic importance 
of this development. 


4 Railway Engineer, Westinghouse Electric & Manufacturing 
Co., E. Pittsburgh, Pa. 


The 300-hp. and the 400-hp. Westinghouse engines are in- 
dicative of trends. The former was originally built to operate 
at 750 r.p.m., is now being run at 800 r.p.m., and has operated 
at 900 r.p.m. The 400-hp. unit is built to run at 900 r.p.m., 
and will be operated in switcher service at 1000 r.p.m. developing 
450 hp. These engines are of very conservative design and are 
built to operate safely at these speeds, there being over 15,000 
hp. in engines of this type in service or on order on railroads. 
This design results in more cab room, smaller generator, and 
lower possible locomotive weights. The engine is small enough to 
permit removal of pistons without removing the locomotive roof, 

The relatively high cost of the Diesel-electric locomotive as 
compared to steam makes it essential to control the engine out- 
put so as to secure all of the available power. This represents 
a further development since the differential field control was 
brought out. The most recent control makes full use of the 
engine power at any engine speed, and with the engine in any 
condition, resulting in fewer total engine revolutions per day, 
with consequent reduction in wear. 

It has been pointed out that steel-mill transportation presents 
widely varying service conditions. For spotting cars, hot-metal 
or slag handling, and similar services it is not necessary to operate 
at high speeds. For classification work, however, high speeds 
are essential to kick cars, and at a given tractive effort this 
means power. Future locomotives will have seven to eight 
horsepower per ton of weight where the present locomotives 
employ five to six. 

The characteristics of the Diesel-electric locomotive are ideal 
for steel-mill switching. In addition to the visibility referred 
to by Mr. Garrison, the operator has exact control of loco- 
motive movement. Couplings to hot-metal trains, and to ingot 
buggies may be made without shock, and the rate of acceleration 
governed exactly according to the necessities of the occasion. 
This is an additional safety feature not mentioned by Mr. Garri- 
son. 

The actual operating results detailed in the paper form con- 
clusive evidence that the Diesel locomotive is not experimental. 
There will be numerous detailed developments within the next 
ten years, but without further development the existing units 
are highly satisfactory, and offer savings of sufficient magnitude 
to warrant their wide application. 
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Temperature Distribution in 
Combustion Furnaces 


By M. H. MAWHINNEY,! SALEM, OHIO 


Metallurgical processes continue to become increasingly com- 
plicated and exacting, and their success very frequently depends 
upon the manner in which the metal is heated. One important 
requirement in the rational design of heating furnaces is uniformity 
of temperature distribution. The amount of published data on 
this subject is very small, and the purpose of the present paper is to 
add to it results of temperature measurements made in a test furnace 
to determine the temiperature distribution in the heating chamber 
for different temperatures and different methods of firing. 


creasingly complicated and exacting the specifications for 
industrial-heating-furnace performance become more and 
more rigid, because the success of these processes is so frequently 
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low temperature in a cross-sectional plane through the heating 
chamber, and the location of these points. All tests were per- 
formed with the heating chamber empty to permit a fair com- 
parison between methods of firing, and the variations obtained 
therefore represent maximum values, because properly placed 
heating material assists in the uniform distribution of temperature 
inafurnace. The tests apply to all furnaces fired from the sides, 
and for any method of firing the distribution of temperature 
through the furnace length is dependent upon regulation of 
burners and flues more than upon furnace design, so that cross- 
sectional variations only have been studied. 


DESCRIPTION OF TESTS 
The data were all obtained in a test furnace constructed gener- 
ally as shown in Fig. 1, the inside dimensions being 72 in. wide < 
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of the most fundamental of all requirements is uniformity of 
temperature distribution. The rate of heating must be uniformly 
controllable, and all parts of the material heated must be exposed 
to as nearly the same temperature as possible. This result can 
be accomplished only in a heating furnace to the design of which 
much care and study has been applied. Knowledge of tempera- 
ture distribution is essential to the development of a rational 
science of heating-furnace design, but the amount of investigation 
and published data on the subject is very small. 

The purpose of this paper is to contribute to this knowledge the 
results of temperature measurements made in a test furnace to 
determine the temperature distribution in the heating chamber 
for different temperatures and different methods of firing. 

The tests were designed to indicate, for each method of firing, 
the amount of temperature variation between points of high and 


1 The Electric Furnace Company. Jun. A.S.M.E. 

Presented at the Third National Meeting of the A.S.M.E. Iron 
and Steel Division, Cleveland, Ohio. September 11 to 13, 1929. 

Norte: Statements and opinions advanced in papers are to be un- 
derstood as individual expressions of their authors, and not those of 
the Society. 
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ARRANGEMENTS OF TEST FURNACE 


60 in. deep X 48 in. high to the arch skew. The three sections 
show the arrangements of the test furnace for under firing, 
side firing behind a baffle wall, and direct firing into the 
heating chamber. Over firing, the remaining general method 
where a perforated arch separates the combustion chamber 
from the heating chamber below, was not studied because 
of the complications involved, and the fact that it is not 
generally used in practice. The furnace was fired by three 
natural-gas burners, gas-air mixture in proper proportion being 
fed to these burners from an automatic proportioning mixer, 
in which variation of the low-pressure air supply automati- 
cally varied the gas flow. A door opening 41 in. wide X 32 
in. high and closed by an insulated door was provided on the 
front of the furnace, and nine thermocouples numbered as shown 
in Fig. 1 were provided through the rear wall. These couples 
extended the same distance into the furnace, so that their points 
were all in the same cross-sectional plane in the furnace. 

The majority of the tests performed consisted in heating the 
furnace to various temperatures and holding, or “soaking,” the 
furnace at temperature for a total time of eight hours. Readings 
of the thermocouples located in the heating chamber were taken 
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at regular time intervals throughout the tests to determine simul- 
taneous temperature distribution in the chamber. Tests of 
twenty hours’ duration were performed to check the accuracy of 
the shorter tests. 


CHARACTERISTICS OF METHODS OF FIRING 


Before examining the data resulting from these tests, it is ap- 
propriate at this point to discuss the difference in the heating 
characteristics of the three methods of firing. Under firing of a 
heating furnace consists in burning the fuel in a combustion 
chamber below the heating chamber, and separated from the 
heating chamber by a false hearth. This hearth may be uni- 
formly perforated as in Fig. 1-C, where the heating material is 
in distinct rows in the furnace, or may be solid with slots at each 
side where a more solid mass of material is to be heated. Burners 
may be applied on one side only for widths below 48 in., but wider 
chambers should be fired from both sides with burners staggered 
so that no burner on one side is directly opposite one on the other 
side. Vents from the heating chamber are provided in the arch. 
The selection of this method of firing is limited to temperatures 
below 1800 deg. fahr. in the heating chamber to avoid excessive 
temperatures in the combustion chamber, and heavy loads should 
not be supported on a refractory hearth with this design at tem- 
peratures exceeding 1500 deg. fahr. The arrangement cannot 
be satisfactorily applied to car furnaces, or to most continuous 
furnaces, except pusher types with rails, on account of inter- 
ference with the conveying mechanism. 

With the under-fired design the supply of heat to the heating 
chamber from the hot gases, and reflected radiation from the 
combustion chamber can be made to be perfectly symmetrical 
across the width of the furnace. Where the ports are at the 
sides only, the entrance of heat is not uniform but is still sym- 
metrical. It should be mentioned that uniform heat supply is 
not usually obtained by uniform distribution of port area; 
generally the ports must be larger at the burner side to counteract 
the velocity of flame from the burner, but by mechanical adjust- 
ment perfectly uniform heat supply may be obtained. In the 
tests the areas were made uniform to obtain the worst conditions. 
With reference to vertical distribution, the tendency of heat to 
rise is offset by the fact that the gases from the combustion cham- 
ber are hottest as they enter the heating chamber at the bottom. 
By adjustment of the arch flues, the vertical temperature varia- 
tion can be quite accurately controlled by variation of the pressure 
at the top of the furnace for the best combination with the pres- 
sure of gases entering at the bottom. 

A side-fired furnace is one in which the burners fire against a 
baffle wall and the hot gases of combustion pass over this wall 
into the heating chamber, as in Fig. 1-B. Furnaces under 7 ft. 
in width may be fired from one side only with fairly good tem- 
perature control, but for furnaces between 7 ft. and 14 ft. in 
width, burners should be staggered along both sides of the fur- 
nace. Vents from the heating chamber are located in the side 
walls at the bottom of the chamber. For any furnace which is 
fired from the side, whether by fuel oil or gas, a baffle wall between 
the burners and the heating chamber is desirable at all tempera- 
tures below 1900 deg. fahr. Above that temperature, the bridge 
wall is exposed to excessive temperature from both sides and the 
life of the refractories is unsatisfactory. 

With the side-fired design, the bridge wall shields the heating 
chamber from the intense heat of combustion of the fuel, and dis- 
tributes the hot gases uniformly into the chamber under the fur- 
nace arch. The high velocity of the fuel from the burner is 
checked and the gases float into the chamber with relatively low 
velocity, and in a thoroughly mixed and burned condition. The 
hot gases, however, enter the furnace at the top, where the furnace 
is naturally the hottest on account of the tendency of the heat 


to rise to this part, and consequently it is difficult to obtain 
perfectly uniform distribution of temperature between the top 
and the bottom. Too much draft cannot be provided in the flues 
at the bottom without obtaining a negative pressure in the bot- 
tom, and a considerable difference in pressure exists between the 
top and bottom, especially if the furnace is high. 

The direct-fired arrangement of a furnace is shown in 
Fig. 1-A. The general arrangement is about the same as for 
side firing with the omission of the bridge wall, and the dimensions 
limiting the selection of single-side and double firing are the same. 
For uniform temperature control, direct firing should not be 
used at any temperature below 1900 deg. The fact that direct 
firing is accurate only above 1900 deg. is fortunate in view of the 
fact that no other method of firing is suitable at high tempera- 
tures on account of the limited mechanical. strength of the re- 
fractories. 

It is obvious that direct firing is inherently non-uniform in 
temperature, because an intense heat of combustion is concen- 
trated at the location of the flame from each burner, and the 
gases from the burner are at high velocity and more difficult to 
control. Unless the furnace temperature is close to the combus- 
tion temperature of the fuel, large temperature differences are 
set up which cannot be corrected by radiation because radiation 
is not as active at low temperatures. The difficulties with the 
control of vertical temperature and pressure variation are the 
same as with the bridge-wall design. 


DISTRIBUTION OF TEMPERATURE 


Table 1 shows the temperatures which were established at the 
different points of the test furnace, which points are numbered as 
in Fig. 1. The values given in the table are averages of all read- 
ings taken during the ‘‘soaking”’ period in the case of each test, 
and after the furnace had been heated up and held constant at 
the temperature indicated by one of the couples for an extended 
period of time varying from 6 to 20 hours. 

TABLE 1 TEMPERATURES (DEG. FAHR.) ESTABLISHED AT 


DIFFERENT POINTS IN THE TEST FURNACE AFTER 
PROLONGED FIRING 


Method of Test ©—Thermocouple numbered in Fig. 1— 
firing number 1 2 3 4 5 6 
1025 1100 1135 830 825 815 
4 1735 1780 1765 1690 1715 1645 
a Eee 5 1765 1800 1800 1730 1745 1695 

1155 1140 910 875 
1610 1640 1600 1595 
1640 1650 1610 1595 
SS 1710 1705 1655 1640 es 
een 8 970 980 1025 970 970 960 
7 1565 1590 1620 1615 1575 1565 
SS oer 9 1660 1670 1700 1710 1670 1660 


From the averaged temperatures of Table 1 for the various 
tests performed, Figs. 2 and 3 have been prepared to show graphi- 
cally the temperature distribution in the heating chamber 
for average heat-treating temperatures and for low temperatures, 
respectively. It is noticeable that the charts for each method 
of firing are extremely consistent, and show distinct tendencies 
for hot and cold spots in the chambers. 

With direct firing, the temperature increases from the tips of 
the burners across the top to the opposite wall, and decreases 
across the bottom from the opposite wall to the port openings. 
Right at the burner the flame (transparent in the case of gas, but 
flame nevertheless) is cooled by the cold gas and air. The flame 
attains maximum temperature before reaching the far wall, but 
commences at this point to lose heat and cools rapidly as it passes 
across the cooler lower part of the furnace to the flue. With 
direct firing the flame is much hotter than the furnace tempera- 
ture in these tests and loses its heat rapidly by radiation. The 


work of heating is almost instantaneous because of this rapid 
cooling of the flame, and the fact that the heat transfer varies 
as the fourth power of this rapidly decreasing temperature 


. 


difference. Localized hot spots and poor uniformity are the re- 
sult, although with a transparent gas flame the furnace appears 
very uniform to the eye. As shown by Fig. 2, the distribution of 
temperature is generally the same in the side-fired tests as in the 
direct-fired, but the temperature differences are very much less, 
for reasons that have been previously explained. At the lower 
temperatures of Fig. 3, side firing loses some advantage over 
direct firing in cross-sectional variation, because, although 
the heating chamber is shielded from the hottest flame, the gases 
are still much hotter than the heating chamber and their entrance 
is concentrated along the top of the wall. Side firing greatly 
improves temperature uniformity through the length of the fur- 
nace at any temperature. The close uniformity with under firing 
is shown by the illustrations. The variations of the charts are 
caused by variation across the width of the furnace due to the 
fact that the port area was distributed uniformly with no attempt 
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Heat-TREATING TEMPERATURES 


made to adjust the area to offset the velocity of the gases from 
the one side. 

The numerical values of the maximum variation in tempera- 
ture between the points of highest and lowest temperature for 
each test are given in Table 2. 

Table 2 brings out the closer control which is obtainable with 
the side-fired design as compared to the direct-fired, and indicates 
the accuracy of the under-fired arrangement. The values given 
for under firing are for the worst conditions, and would be greatly 
improved by a simple mechanical adjustment of the ports across 
the width of the hearth. The comparisons of the table are for 
empty chambers in every case. 


IRON AND STEEL 


IS-51-6 


1300 


UNDER} FiRED 
\ TEsT 


400 


Est F/. 


AVERAGE TEMPERATURE, DEG F 


C Drecr- 


| 
/ 2 3S 4 5 (A 
THerMocouP.e NuMBER (Feom fic /) 
Fic. 3° Temperature DistrisuTion aT Low TEMPERATURES 


Table 3 was prepared to obtain a picture of the effect of the 
method of firing upon the horizontal and vertical variations of 
temperature in a cross-sectional plane through the furnace. 
The values in the table represent the difference between the 
averages of the top and bottom couples for vertical variation, 
and the difference between the averages for the left and right 
couples for horizontal variation. 

Examination of Table 3 gives a good idea of the comparative 
magnitude of the temperature difference from side to side and 
from top to bottom in the test furnace. In the case of both direct 
firing and side firing, the greatest variation is in the vertical di- 
rection for reasons previously discussed. The table shows to 

TABLE 2 MAXIMUM VARIATION IN TEMPERATURE 


BETWEEN POINTS OF HIGHEST AND LOWEST TEMPERATURE 
FOR EACH TEST 


Average Maximum 
soaking temperature 
Test Method of temperature, difference, 
no firing deg. fahr. deg. fahr. 
13 Direct 955 320 


s Under 979 65 
7 Under 1588 55 
Under 1678 50 


TABLE 3 EFFECT OF METHOD OF FIRING ON THE 
HORIZONTAL AND VERTICAL VARIATION OF TEMPERATURE 
IN A CROSS-SECTIONAL PLANE IN THE FURNACE 


Horizontal Vertical Average soaking 
Test Method of variation, variation, temperature, 
no. firing deg. fahr. deg. fahr. deg. fahr. 
13 Direct 62 263 955 
4 Direct 38 77 1722 
5 Direct 35 65 1756 
12 Side 10 256 1020 
14 Side 18 26 1611 
10 Side 13 42 1624 
11 Side 5 61 1678 
8 Under 32 25 979 
7 Under 53 7 1588 
9 Under 45 5 1678 


what extent (in the particular case of this test furnace) the varia- 
tions of direct firing are reduced by the use of the bridge wall in 
the side-fired tests. It will be noticed that the heating chamber 
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is narrower in the case of side firing in these tests, but tests run 
with a direct-fired chamber of the same width as this side-fired 
chamber indicated the same proportionate difference in tempera- 
ture. The values given for the under-fired tests show the close 
vertical control that can be obtained, and show the worst hori- 
zontal distribution for the evenly distributed port areas. The 
horizontal variation can be readily reduced to 10 deg. fahr. by 
adjustment of these ports in such a way that they are graduated 
in size across the furnace width with the largest ports on the 
burner side. 


Errect oF TEMPERATURE IN THE FURNACE 


Fig. 4 indicates the effect of temperature in the furnace upon 
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the uniformity of temperature within the heating chamber for 
different methods of firing the test furnace. Tests in various 
commercial furnaces have shown that these curves are a reliable 
guide to the comparative temperature control possible with these 
arrangements of the furnace. At high temperatures closer con- 
trol is possible than at low temperatures, because as the furnace 
temperature increases the ratio of heat transferred by radia- 
tion to that transferred by convection increases, and the uniform- 
ity is less dependent upon the even circulation of gases to all 
parts of the chamber. At 900 deg. fahr. about 25 per cent of 
the heat is transferred by convection, and the gases must circu- 
late very uniformly to obtain good temperature control. At 1600 
deg. the percentage of heat transferred by radiation increases to 
about 98 per cent, and heat will be radiated to cold portions of 


the furnace from the gases and from adjoining refractory sur- 
faces more actively than at low temperatures. 


EFrrect oF TIME 


This paper is primarily interested in the conditions existing in 
furnaces under ‘“‘soaking’’ conditions, but the progressive uni- 
formity from the time the furnace is lighted is of interest. Fig. 5 
gives a curve for uniformity of temperature plotted against time, 
from a typical test for each method of firing. This illustration 
shows how the hot flame of the direct-fired furnace produces a 
fast initial heating of the entire chamber, with relatively low 
temperature difference from the start. With side firing the 
temperature of the gases coming over the bridge wall is lower and 
at less velocity, and the refractories are heated more slowly, 
starting at the top and gradually working down to the bottom 
with high initial temperature variation. As the furnace nears 
final temperature it approaches the temperature of the gases and 
better uniformity results than with direct firing. Under-fired 
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furnaces heat up very uniformly from the start because the hot 
gases are distributed uniformly and wipe all sections of the re- 
fractory lining evenly. 


EFFect OF FuRNACE DIMENSIONS AND HEATING MATERIAL 


With the test furnace as arranged it was not possible to vary 
the dimensions sufficiently to determine the effect of dimensions 
upon temperature uniformity, and tests have not as yet been per- 
formed to determine the effect of different types of charges of 
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heating material; however, these two factors should be mentioned 
at this point. 

Variations in furnace width can be fairly well taken care of 
by firing from one or both sides of the furnace, and for any method 
of firing the horizontal variation will usually not be as great as 
the variations caused by the height of the furnace, as has been 
shown in Table 3. The horizontal variation in a properly de- 
signed furnace of any width should be controllable to within 50 
deg. fahr. across the width for any method of firing. The height 
of the furnace is a much more serious factor in temperature con- 
trol than is the width. 

With the bridge wall located in a position about 34 in. above 
the hearth of Une test furnace with side firing, the vertical varia- 
tion was 256 deg. fahr. at 1020 deg. average temperature, com- 
pared to 10 deg. horizontal variation; and at 1624 deg. the verti- 
cal and horizontal variations were 42 and 13 deg. Vertical con- 
trol of temperature within 75 deg. maximum variation for side fir- 
ing and 150 deg. for direct firing is obtainable with burners or bridge 
wall located up to 5 ft. above the hearth and furnace temperatures 
of 1600 deg. fahr. or greater. For under firing the variation will 
be less. These values are based upon an empty furnace for 
“soaking” conditions, and will be slightly reduced when a charge 
is properly placed in the furnace. 

The effect of heating material is to improve the uniformity of 
“soaking” temperatures in furnaces, because the circulation of 
gases is broken up, which helps to distribute them to all parts of 
the furnace by deflection. Also, the area of radiating surfaces is 
greatly increased, which causes a multitude of reflections of radia- 
tion to distribute the heat to all parts of the furnace. It is es- 
sential that the heating material be properly located to allow free 
circulation of gases if maximum temperature uniformity is to 
be obtained. It is desirable in all cases to elevate the charge so 
that circulation underneath will heat the bottom, which in turn 
will radiate to the bottom of the charge. 

In conclusion, the data which the author has attempted to 
bring out indieate that under-fired furnaces, side-fired furnaces, 
and direct-fired furnaces are controllable in temperature in the 
order named. The selection of a method of firing is primarily 
dependent upon the method of material handling in the furnace 
and the temperature desired, but where there is a free choice 
between methods, the information in this paper on the heating 
characteristics of the several methods may be of value. 


Discussion 


E. G. pe Cortouts.2. The question of temperature distribu- 
tion in furnaces is worthy of the most careful consideration. In 
his paper, Mr. Mawhinney brings out a very important point: 
namely, that of the three methods of firing therein discussed, 
the underfired furnace is the one most readily controllable with 
regard to temperature distribution. All who have had to do with 
the design or operation of furnaces will fully concur in this if 
applied to certain types of furnaces. 

It is well recognized that in combusting the cruder fuels, such 
as oil and coal, one is limited to but a comparatively few methods 
of application due to the exigencies of the fuels themselves. 
However, when a clean fuel gas is available the field of applica- 
tion is considerably broadened, and it is due to this great 
diversity, in a large measure, and to a full understanding of its 
properties, that such great strides have been made in recent 
times by the modern gas-fired furnace. 

A list of but a few of the more important applications, as now 
successfully employed in many existing furnaces, includes the 
following: 


? Research Director, Surface Combustion Company, Toledo, Ohio. 
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1 Refractory tunnel construction with automatic proportionins 
equipment, and complete premixture of air and gas. 

2 Refractory tunnel construction with automatic proportioning 
equipment, and partial premixture of air and gas. 

3 “aeemanees bed type with flame impingement on refractory ma- 
terial. 

4 Porous diaphragm constriction with the mixture burning on the 
face of the diaphragm. 

5 Multiple refractory tunnel construction. 

6 Flame impingement. 

7 Convection heaters. 

$8 Luminous sheet flames. 

With such a variety of methods to choose from, the furnace 
designer, when applying gas fuel, has a latitude which is not avail- 
able when using coal and oil, and which relegates the size and 
shape of furnace to a secondary consideration in securing the 
desired uniformity of heat distribution. A furnace is designed to 
heat work. What its characteristics may be when idling under 
heat is no criterion of what may actually take place when work 
is going through under normal operating conditions. This is 
particularly true of the gas furnace, as compared, for instance, to 
the electric furnace. A clear understanding of this fact is of im- 
portance if one is to be successful in designing satisfactorily operat- 
ing gas furnaces. A few typical instances of those various 
methods of fuel-gas application will serve to emphasize this point. 
Heat-treating furnaces are commonly fired by tunnel-type burn- 
ers located under the hearth, or under and above the hearth with 
cross-firing to insure a complete sweep of the gases over the refrac- 
tory walls and create maximum turbulence. So many furnaces 
of this type are now in use as to require no further comment. 

Partial premixture with automatic proportioning is par- 
ticularly adaptable to continuous-billet heaters, as this results in 
a lengthening of the flame and insures complete uniformity in 
the soaking zone. If full premixture were employed, the soaking 
zone would be considerably shortened with danger of overheating 
the steel at the point of flame emergence. 

The refractory bed type makes no attempt to utilize the con- 
vected heat of the gases, but depends for distribution upon re- 
flected heat from the arch and down upon the work. In this 
case the proper contour of the arch is all-important as the heat 
follows the path of light in the furnace. High-speed steel fur- 
naces are typical examples of this method of application. 

The porous diaphragm burner is well adapted to low-tempera- 
ture operations where a maximum of radiation is desired with a 
slow movement of the flue products of combustion. This type 
of burner has not so far been applied directly to the steel treaters’ 
art, but modifications of this method are now being developed for 
this purpose. The same applies to the multiple refractory tunnel 
construction now in successful use for low-temperature opera- 
tions, and which only awaits the development of suitable re- 
fractories to permit its more extended use in heat-treating 
furnaces. 

Flame impingement, where the burning gases are in actual con- 
tact with the steel, makes possible extremely rapid rates of heat- 
ing at high temperatures. Rivet heaters, now in common use, are 
an example of this type. Flue welding furnaces constitute an- 
other illustration where concentration rather than distribution of 
heat is the important factor. 

Convection heaters are now coming to the fore in some im- 
portant phases of heat treatment in the lower temperature range. 
This makes possible combusting the gases completely outside 
the furnace, and entraining the diluted gases into the furnace by 
circulation. It insures maximum uniformity of distribution at 
an extremely low differential in temperature between the work 
and the heating medium. ; 

And finally comes the luminous-sheet flame which is a radically 
new method of combusting fuel gas. This is now in process of 
development, and is given but passing mention at this time to 


; 
Lh 
¢ 
i 
‘ 
4 
3 
: 
4 
% 
# 
t 
F 
3 
44 
. 


64 TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


illustrate what can be really accomplished in the field of com- 
bustion with clean gas as the fuel. 

It behooves us, therefore, in considering such an important 
matter as the distribution of heat in combustion furnaces to 
have a clear understanding of the necessary limitations on the 
one hand imposed by the cruder fuels and the wide diversification 
on the other that may be secured with a proper knowledge of the 
properties of such a flexible fuel as gas. 


F. S. Broom.’ The author presents test figures which state 
quite clearly the reason for the trouble which is experienced in 
using fuel on low-temperature furnaces with the usual method 
of firing. Poor distribution of heat in a furnace is sometimes not 
entirely recognized, except when it is so apparent that the work- 
mari’s eye can determine it. However, we all know of cases 
where furnaces work slowly because certain portions of the fur- 
nace will not heat rapidly. Cases of this type are entirely due 
to poor circulation, as explained by Mr. Mawhinney’s paper. 

It is apparent that the distribution of heat in a furnace fired 
directly with fuel is more noticeable with furnaces which have a 
low working temperature. The cause of this is apparent, due to 
the fact that the fuel burned in a reasonably cold furnace, viz., 
1000 to 1100 deg. fahr., must create a hot spot, unless some un- 
usual precaution is taken to prevent a complete combustion of fuel 
in one spot or a method employed to cool the flame down before 
it is exposed to the interior of the furnace. The fact that a 
large temperature difference exists throughout the average fur- 
nace which works at low temperatures should not be an indication 
that such a furnace cannot be fired direct without unequal tem- 
perature distribution. 

Temperature distribution for any furnace is entirely dependent 
upon its construction, and the types of burners have very little 
to do with the distribution obtained. However, it is possible, 
by a reconstruction of a direct-fired furnace, such as shown by 
Mr. Mawhinney in his “‘A”’ method of firing, to obtain almost as 
good temperature distribution as that in the under-fired furnace, 
subject “C.”” However, it means that the direct-fired furnace 
must be changed in its construction slightly, and a method must 
be employed to obtain a greater velocity of circulation of the gases 
in the furnace proper, and a lowering of the flame temperature as 
it leaves the burner. One method of securing this distribution 
is by recirculating a part of the gases from the furnace chamber up 
through the side wall from the bottom of the furnace to the burner 
port. The side flues, of course, remain the same, but the port 
exit must be adjustable. The flue extending to the burner port 
then allows the burner to inspirate a certain amount of the prod- 
ucts from the furnace chamber through the burner port, which 
gives a reduction in the flame temperature along the roof of the 
furnace. This method, which has been successfully employed in a 
number of furnaces, circulates the furnace gases more rapidly 
than is the case with a usual direct-fired furnace. More furnace 
gases are circulated within the furnace, consequently we obtain 
a much slighter drop in furnace temperature. This method is 
no improvement over the under-fire method in furnace heat dis- 
tribution, but it gives us a successful method of applying heat by 
the direct fire method when the under-fired method is not feasi- 
ble, due to mechanical furnace operating conditions. This 
method also makes possible the use of a fuel furnace for low-tem- 
perature work, a case wherein many fuel furnaces give unsatis- 
factory results. 


J.D. Kewtrer.‘ The value of Mr. Mawhinney’s excellent paper 
rests in the presentation of definite data (which are strictly com- 
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parable because all other conditions were maintained constant) 
on the temperature differences produced by the three different. 
types of firing most frequently used in industrial furnaces. Hith- 
erto, such comparisons had to be based chiefly on guesswork, or 
on scattered records of works measurements made under the 
most diverse conditions of furnace size, shape, and operation. 
The data presented should therefore be weleomed by furnace 
engineers. 

While it has been rather generally understood that tempera- 
ture inequalities tend to become less, the higher the actual tem- 
perature in the furnace, this fact has seldom been so strik- 
ingly presented as by the curves, representing in all cases actually 
measured values, of the author’s Fig. 4. It follows as a corollary 
that temperature differences decrease as time goes on and the 
“‘soaking”’ condition is approached. 

One question which may have occurred to auditors and readers 
is, of what are these readings the temperatures? Of the flame, 
or of the furnace walls? The kind of thermocouples used is not 
stated, but if they were of the usual type encased in protecting 
tubes of fairly large diameter, then the readings, while not scien- 
tifically correct as temperatures of either the furnace atmosphere 
or the furnace walls, can be said for practical purposes more 
properly to represent that elusive and undefinable factor called 
“furnace temperature’ than can either wall temperatures or 
flame temperature. The readings are, in fact, the temperatures 
which would be attained by a small body actually being heated in 
the furnace; and after all, the temperature of material heated is 
the important figure, although, as Mr. Mawhinney states, the 
temperature differences would be changed if any large quantity of 
material being heated were present. 

The kind of flame is not stated, but judging from the type of 
burners, and from certain remarks in the text, the flames must 
have been transparent, or nearly so. We must realize that con- 
siderably greater temperature differences are, in general, pro- 
duced by this type of flame, which can transfer its heat only by 
gaseous radiation and by convection, than by a more hazy flame 
containing solid carbon particles, by which the radiating power is 
much increased. Almost without exception, any increase of 
radiating power of the flame tends to reduce temperature differ- 
ences. 

Not only the kind of flame, but the relation of burner propor- 
tions to furnace size may vary the temperature distribution across 
the furnace. Fig. 2, for that reason, should not be applied in- 
discriminately to all furnaces. It does, however, give a distribu- 
tion which is on the safe side, since in most cases the flame is 
less trahsparent and temperature differences smaller than shown 
by the curve. 

The statement that direct firing should not be used for any 
temperature below 1900 deg. fahr. seems rather arbitrary, al- 
though, to be sure, it is not possible to go many hundreds of de- 
grees lower, while maintaining satisfactory temperature uniform- 
ity. This limit, however, can doubtless be lowered by optimum 
proportioning of burners and flues. 

Additional measurements which would be very desirable are, 
temperatures of material heated in each type of furnace when 
heating a given charge, time-temperature curves for various 
parts of the pile of material heated, and variation caused by 
burners on both sides of the furnace instead of only on one 
side, when the burners are either directly opposite or staggered. 
Those who are familiar with the trouble and expense of furnace 
testing, however, will realize the magnitude of the work which 
Mr. Mawhinney has already performed. 


AvuTHOR’s CLOSURE 


} Experience gained from these tests and from having started 
up actual commercial furnaces in operation indicates that the 
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amount of variation in a furnace which is idling is quite a good 
indication of what can be expected when a furnace is turning 
out heated material. To be sure, the amount of variation is 
changed considerably by the work passing through, but the 
tendency to be low at one point or high at another remains about 
as it was when there was no material in the furnace. This 
statement applies to the variation across the cross-section only 
of the furnace and not in furnace length, which would be changed 
greatly by heating material. 

The point as to the greater flexibility possible with gas is cer- 
tainly well taken in comparison with coal or oil, which are 
harder to control and where the minimum possible with any 
one burner is much higher than with gas. A great many more 
gas burners can be put into a furnace to burn the same amount 
of fuel than with an oil-fired furnace. 

It is true that the flame temperature is not the same as the 
temperature to which the material is heated. The readings 
were taken when the furnace was on control during soaking. 
The average amount of gas burned was quite small, and the read- 
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ings were all taken when the control valve was on its low setting, 
which was for a very small quantity of gas indeed; so that al- 
though they are really in effect flame temperatures, they are 
not as far off from what the actual furnace temperature is as 
would be expected if the readings were taken when the furnace 
was firing at a high rate. 

With regard to the method of arranging the furnace for re- 
circulation, the author’s experience is that this is a valuable 
way to accomplish closer uniformity, provided the temperatures 
are not too high; for, as pointed out, for higher temperatures 
the effect on the refractories is extremely severe and the false 
wall forming the recirculation flue burns out. 

The couples which were used in this series of tests were bare 
couples, but the same statement with regard to the readings 
being taken on the low setting of the control applies again. If 
the control had been off altogether, the bare couples would have 
shown practically true temperature, and the observed variations 
during tests indicated that the bare couples provided sufficiently 
true readings for the purposes of the tests. 
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Automatic Arc Welding of Thin Sheets 


By W. L. WARNER,' SCHENECTADY, N. Y. 


After briefly outlining the fusion-welding process, the author dis- 
cusses in detail the various steps in the welding operation, noting 
the precautions to be taken in order to produce successful welds. He 
concludes by describing numerous applications of automatic arc 
welding in the joining of sheets and parts less than ' |, in. in thickness. 


\ X YELDING in its broadest sense embraces a number of 

processes which differ essentially among themselves, 

but have for their ultimate object the joining of metals in 

some form. The present discussion is confined exclusively to 

electric-are welding, with special reference to the use of automatic 
machinery for performing the welding operation. 

The joint itself may be of several types, the commonest of 

which are butt and lap joints. We are concerned in the present 

instance primarily with the butt joint. 


Tue Fusion-WELDING PROocEsS 


The process of fusion welding requires that the parts to be 
joined be brought up usually from room temperature to a molten 
condition over a certain portion of their extent. The tempera- 
ture of this molten condition varies with different metals, and 
the temperature limits between which the fusion operation must 
be performed are narrower with some metals than with others. 

In order to accomplish a thorough fusion between parts to be 
welded a certain amount of time is required, depending on the 
nature of the material and the effective heating power of the 
welding flame. Probably more radical changes take place during 
this brief time interval than in any other equivalent cycle of metal 
handling. The change from room temperature to the molten 
condition is almost instantaneous, and the cooling cycle is 
necessarily short due to the very local extent of the molten zone. 
This means that the metal is heated to above the melting point 
and returned again to a solid condition in the space of a very few 
seconds. 

Obviously to the layman the resulting joint must be something 
quite different from the material it joins, and the metallurgist 
will confirm this viewpoint. For many years we have been ac- 
customed to see the sheet edges lapped and held together by a row 
of rivets. Thus there has been a feeling that the butt joint which 
has been made so smoothly and quickly must be only a substitute 
and not to be relied upon; as a matter of fact, however, the 
welded joint will develop at least 85 per cent of the strength of 
the sheet joined, and usually the sheet will yield before the welded 
joint. 

This characteristic has served to make industry more critical 
of welded joints than of other types, so that requirements for 
efficiency are higher and design allowances less liberal. However, 
design allowances are not yet as liberal as they should be, assum- 
ing that proper procedure-control methods are exercised. 

The welding process has developed rapidly during the past 
decade and is still being further developed. New methods and 
procedures are being perfected with the one great object in view 
of obtaining maximum efficiency with least effort, time, and cost. 
In many instances these objects have been quite fully realized. 


' Industrial Heating and Welding Engineering Department, Gen- 
eral Electric Company. 

Presented at the Third National Meeting of the A.S.M.E. Iron and 
Steel Division, Cleveland, Ohio, September 11 to 13, 1929. 

Nore: Statements and opinions advanced in papers are to be 
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of the Society. 


Tue WELDING OPERATION 


In performing a welding operation the parts or sheets to be 
joined are placed in the same plane with their edges butted to- 
gether where the weld is to be made, and usually clamped on to 
a suitable backing device for the weld. An are is struck and 
maintained between a metal electrode and the joint edges. This 
are is moved continuously at the proper speed from one end of 
the joint to the other, fusing the two edges together. 

It is essential that the joint be backed up tightly by some means 
to prevent the molten metal from running through, forming pro- 
trusions on the back of the joint as well as leaving holes in it. 
This backing-up device must fulfil several requirements. Its 
material must be of such a nature that it will not melt and fuse 
to the back of the joint. Copper bar stock or strip is quite 
generally used for this backing because of its high heat-conducting 
properties and durability for this service. The backing-up de- 
vice must also be somewhat flexible and yet exert sufficient force 
to clamp and hold the joint edges evenly together. In some 
cases it may be possible to butt-weld thin sheets without a back- 
ing, but usually variations in the preparation of the joint edges on 
a production basis prevent a successful job. 

When heat is applied to steel or iron a distortion or displace- 
ment occurs in three directions. As the heat is removed the ma- 
terial tends to return to normal. The amount of this expansion 
and contraction depends upon the rate of application of the heat 
and the length of time during which the heat is applied. 

In welding, an intense heat is applied at a point on the metal 
surface, and is then moved rapidly along, causing a small part 
of the metal to come to the melting point and solidify in a fraction 
of a second as the arc passes over it. This condition is such that 
the melted metal does not return to the original temperature as 
quickly as the heat was applied, so that there is a cumulative ef- 
fect produced. This effect produces a net expansion in three 
directions with respect to the weld; longitudinally, laterally, and 
vertically. 

If two flat strips are placed together and a weld is started at 
one end, it will be found that the joint edges begin to separate 
after the arc has traveled about a‘third of the way along the seam. 
This separation will continue until the joint edges are apart a 
distance greater than the electrode diameter if the welding is 
continued. To prevent this separation when welding flat strips 
a tack weld is usually placed at each end of the joint. This sepa- 
ration or moving apart of the strips is caused by the combined 
longitudinal and [ateral expansion, and its amount depends upon 
the width of the pieces being welded, the amount of welding heat, 
and the welding speed. This separation does not occur to the 
same degree in the thicker plates, that is, those more than '/;, in. 
thick. 

Assuming that the two strips have been tack-welded and the 
weld made, if the welded piece is taken from the machine im- 
mediately it will be curved in shape longitudinally and flat later- 
ally. If, however, the welded piece is left in the clamp until 
cold, a portion of this distortion will be eliminated. Welds of 
this type made on cylindrical drums or rectangular box structures 
do not show this distortion owing to the vertical and lateral 
stiffening effect of the shape of the piece. 

With these conditions in mind, one can readily see the impor- 
tance of suitable clamping apparatus and procedure for welding 
thin sheet metal successfully. 

Another condition which is apt to cause trouble unless con- 
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trolled is the magnetic effect produced by the electric current 
passing through the are. It is generally understood that when 
an electric current passes through a conductor a magnetic field of 
a certain intensity is set up around the conductor and in a certain 
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direction. This magnetic field tends to travel in the path of least 
resistance, and resists deflection from this path in proportion to 
its intensity. 

It is neither possible nor desirable to discuss these electro- 
magnetic conditions in detail, except in so far as to try to explain 
certain methods now used to control them. 

Fig. 1 shows in plan a weld being made between two pieces of 
plate, the joint extending from A to B. The sketch shows the 
weld as progressing from A to B with the ground connection from 
the generator made to the copper backing bar at end A. In prac- 
tice this is generally the situation for magnetic-control purposes. 

As the weld progresses from A to B a careful observation of the 
are and are flame will show a decided forward pull of both are 
stream and flame for approximately one-eighth to one-fourth of 
the length of the seam. The exact distance over which this pull 
occurs varies with the welding conditions, so that it is impossible 
to set a definite value. This forward pull is a maximum at the 
start of the weld and becomes almost zero at about the point C. 
From this point to D the pull of the arc is gradually changing from 
a slight forward pull to a slight backward pull, and is most stable 
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Fic. 4 Automatic Arc-WELDING MACHINE FOR STRAIGHT SEAMS 
ON THIN SHEETS 


between these po'nts. From the point D to the end of the joint 
at B the backward pull increases rapidly until, within an inch 
or so from the end, it may often be sufficient to extinguish the arc. 

This varying condition obviously tends toward instability of 
the are and may be responsible for lack of fusion, porosity, and 
an unevenly welded joint. In general, it may be said that with 
a copper backing bar the are will have a tendency to pull away 
from the ground connection, and the amount of pull, which de- 
pends upon the strength of the magnetic field causing it, will vary 
with the amount of welding current, the size of pieces being welded 
the free distances between joint edges, and the position of the 
electrode on the joint. 

A magnetic field is set up in the plane of the pieces being joined 
in addition to that circumferentially around the electrode and 
the plates being joined. Fig. 2 shows the location and direction 
of the magnetic fields set up by the current of the arc in welding 
two pieces of plate. Field (1) is set up around the electrode, 
field (2) around the plates being welded, and field (3) in the plates 
adjacent to the are and in a direction similar to that of field (1). 
Apparently field (3), which tends to maintain itself in the plates, 
causes the arc to draw away from either end of the weld. As 
shown in the plan view, the flux passing across the seam between 
the arc and the end of the seam increases rapidly in density as 
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the ends of the plates are approached. Due to this constriction Such a control scheme has been developed by the General Elec- 
of the field between the arc and the starting or finishing ends tric Company and is shown in Fig. 3. This scheme consists of 
of the plates, the drawing or pulling effect produced is usually less imposing a magnetic field of the proper direction and intensity 
noticeable at the start than that produced near the finish end of | such as to cause the arc to become least affected by magnetic 


Fic. 5 Panoramic PHoTroMICROGRAPH OF AN Arc WeELb Across THE FustOon ZONE 


y 
1-BASE METAL 2- CENTER, HEAT ZONE 


#14 GAGE SHEET 


3-FUSION ZONE 4-—-WELD METAL 
Fig. 6 Sections or AN Arc WELD oN No. 14 Gace Derep-DrawineG Steet X 100 
the weld. Obviously it is not possible to remove these fields fields (1) and (3), Fig. 2, and by any others which may be set 


from the welding operation, so it is necessary to use some ex- up in the clamping device. Field (2) tends to cause the are to 
ternal control means for overcoming their magnetic effects. draw slightly ahead, which is desirable. 


4 
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As will be seen from Fig. 3, the pieces that are to be welded are 
held in place by a pair of copper jaws, the copper chill bar, and 
the corners of the steel strips used in building up the complete 
backing bar. Beneath the copper chill bar is an insulated con- 
ductor so connected that part of the welding current may be 
shunted through it. 

When the current flows through the insulated conductor under 
the chill bar in the direction of welding, in this case away from 
the observer, a magnetic field is set up in the plates being welded 
in the direction indicated by the arrows, and travels approxi- 
mately in the path as indicated, which is parallel to field (2) 
already shown in Fig. 2. It is essential that the work and the 


Fig. 4 shows a 6-ft. machine for welding straight seams of No. 
14 gage sheet and below in thickness, equipped with a pneumatic 
clamp for holding the joint edges during welding and a magnetic- 
control device above described. The magnetic-control switch 
at the right end corresponds to the switch shown in Fig. 3. 

With reference to the weld itself and the character of the adjoin- 
ing metal, Fig. 5 shows a photomicrograph of a typical cross-section 
originally at 100 diameters, extending from the interior of the 
weld across the heated zone to the base metal, a distance of 0.56 
in. It will be noted that the heating effect of the arc extends into 
the base metal about '/, in. from the edge of the deposited metal. 
Of this zone only about one-quarter of it or '/is in. shows the ef- 


3—FUSION ZONE 
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steel edges of the backing bar make contact; otherwise the high 
reluctance of the air gap, when there is no contact, will reduce 
the amount of flux through the work and render the magnetic 
control ineffective. The magnetic flux in the work and across 
the seam at the joint being welded acts upon the arc in the same 
manner as the field of a direct-current motor acts on an arma- 
ture conductor. Applying the same magnetic laws, it will be seen 
that this field will tend to blow the are in the direction in which 
it is traveling. In order to render this control effective it is nec- 
essary that the insulated conductor be so placed that the mag- 
netic controlling field is caused to travel, during paré of its path, 
through the work and across the seam being welded. 


IA—EDGE, HEAT ZONE 


2— CENTER, HEAT ZONE 


4—-WELD METAL 


SEecTIONS OF AN Arc WELD on No. 14 Gace Biue ANNEALED STEEL X 100 


fect of high heat in the form of the Widmannstiitten structure. 
This section was taken from a weld on '/,-in. plate welded with 
a */\»-in. electrode, using about 350 amperes at a speed of approxi- 
mately 6 in. per min. 

The microscopic sections in Fig. 6 and 7 were taken from welds 
made on No. 14 gage sheet at 29 in. per min., and show the struc- 
tures at four different points—from the base metal to the de- 
posited metal. In these welds the total width of weld and heat 
zones was not over '/,in. Fig. 6 is a weld on bright, deep-draw- 
ing steel of low carbon content. Photomicrograph No. 3 taken 
at the fusion zone indicates quite a definite line of fusion marked 
by the small arrows. Fig. 7 isa weld on blue annealed sheet of 
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slightly higher carbon content than the deep-drawing steel. It 
will be noted that photomicrograph No. 3 of Fig. 7 does not in- 
dicate a definite line of fusion. In contrast to this comparison 
photomicrograph No. 1A of Fig. 7 shows the edge of the heat 
zone, which is more distinct than the edge of the heat zone oc- 
curring in the welds on the deep-drawing steel, Fig. 6. 

It is planned to study the effect of welding alloy-steel sheet 
containing manganese, chromium, nickel, and copper with dif- 
ferent types of electrodes and compare the results with those 
obtained on ordinary carbon steel such as has been used here. 


hic. 8 Doverte-Arc AvuTromMaTic WELDING MacHINE FoR Heavy 


PLATE 


Fic. 9 Arc-WeLpeED Pree SEcTIONS IN THE FieLp Reapy For Lay- 
ING IN THE DitcH 


This work has not been completed. The question of plate ma- 
terial suitable for welding has not been discussed thus far, but 
from the general experience of the author the same analysis of 
conditions is pertinent here as in the case of the heavier plates. 
It is necessary for best results that the carbon content be not over 
0.25 per cent, and that the material be free from laminations and 
segregations of impurities. The effect of the manganese con- 
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tent of the plate on the character of the weld is not definitely 
known, but it is believed that up to limits of perhaps 1'/, per 
cent it is beneficial. 

Mention has been made of thick and thin plate in this discus- 
sion without any definite explanation of where the dividing line 
really is. The author has arbitrarily considered '/, in. thickness 
to be the beginning of heavy or thick plate. All thicknesses 
below that are considered as thin sheet. The thin sheet is 
welded by a single arc as against a series of arcs (or the multiple- 


Fic. 10 Wetpine Sipe SEAMS oF RANGE BoILers 


arc process) for the thick 
plates, although a single arc 
may be used. Welds on 
thicknesses up to and includ- 
ing °/,-in. plate can be com- 
pleted with a single layer of 
deposit, but above that thick- 
ness two or more layers are 
desirable. The above desig- 
nations of thick and thin plate 
have been used with this un- 
derstanding. The welding of 
heavy plate is a separate 
study with different problems 
for solution. Fig. 8 shows 
a machine designed for heavy- 
plate welding and equipped 
with a double-are set-up as 
distinguished from the ma- 
chine previously shown for 
thin-sheet welding in Fig. 4. 


APPLICATIONS OF AUTOMATIC 
Arc WELDING 


One of the first extensive 
uses of automatic are weld- 
ing for pipe construction such 
as shown in Fig. 9 was made 
in 1924 and 1925 by the 
Western Pipe and Steel Com- 
pany of San Francisco, Calif. 

This pipe was built in the 
shop in 14-ft. sections 22 in. 
and ‘24 in. in diameter and of 
3/\s-in. and '/,-in. plate. The sheets were rolled to size and the 
longitudinal seam welded automatically with a single pass of 
the arc at a speed of about 4.or 5in. per min. Two sections were 
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hand-welded in the shop to form a 28-ft. length. All 28-ft. 
lengths were tested hydraulically before wrapping and shipment 
to the field for laying, as shown in Fig. 9. 

The use of welding for manufacturing household range boilers 
is also practiced extensively. Fig. 10 shows the side seam of such 
a boiler being automatically welded at a speed of about 16 in. 
per min. fora butt weld on No. 14 gage sheet. The joint edges are 
clamped pneumatically and the magnetic-control switch is shown 
on the right end of the machine. 

After the shell is completed and dished heads are inserted, the 
circular welds are made by a machine such as shown in Fig. 11; 
or these seams may be welded with the tank in a horizontal 
position as shown in Fig. 12. 


Automatic Arc-WELDING MAcHINE FoR WELDING Heaps 
IN RanGeE Boi ers Position 


Fic. 13 AvTomatic Arc We.tpING or Bottoms In WaysIpE Ome 
VENDING TANKS 


The choice of either position is largely a question of design of 
tank, user’s preference, and space available. The horizontal 
type is easier to load, and the vertical type gives a better posi- 
tion to make the weld where the thickness of the head is appreci- 
ably greater than that of the shell. 

Fig. 13 shows wayside-station oil-vending-tank bottoms being 
welded at a speed of approximately 30 in. permin. The welding 
heads are fixed in position and the tanks travel on a conveyor. 
The tank material is No. 15 gage, and the electrode nozzles are 
fitted with guide rolls which keep the are on the seam at the corner 
so that a combination corner-edge weld is made. This opera- 
tion requires very sensitive control and accurate fit of the heads 
into the shells. 


Fig. 14 shows a machine for welding automobile mufflers of No. 


18 gage deep-drawn parts. The joint is flanged to permit an 
edge weld on three- and four-ply No. 18 gage steel. A welding 
speed of approximately 50 in. per min. is obtained. 

Automobile rear-axle housings of the general type shown in 
Fig. 15 are automatically are welded in great numbers. These 
housings are pressed in two halves and welded as shown, the two 
welds on one side being made simultaneously at a speed of ap- 
proximately 22 in. per min. for each are. The material is */,, in. 


alt 
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Fig. 14 


Arc-WeELDING MACHINE FOR AUTOMOBILE 
MUFFLERS 


AUTOMATIC 


Fig. 15 AUTOMATICALLY Arc-WELDED Rear-AxLE HovusinG 
thick and the weld penetrates about two-thirds through the joint 
making it oiltight and sufficiently strong for the service required 

The welding of galvanized iron is performed at welding speeds 
somewhat higher than those used for the material without gal- 
vanizing. It is desirable to avoid full weld penetration of the 
joint on account of porosity caused by gas from the melted under- 
coating. If full penetration is required, then the best results 
are obtained without backing. Under such conditions accuracy 
in the alignment of the joint edges is imperative. 
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In general, the application of machine-welding methods to electrode and plate, intelligent supervision, and correct design. 
thin sheets requires accurate preparation of the joint for welding, | Beveling is usually not necessary nor desirable for thicknesses 
suitable methods of clamping, proper welding materials, both below '/; in. 
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Some Notes on Producer Gas and Other Fuels 


By VICTOR WINDETT, 


In this paper the author discusses operating conditions and 
costs for making gas. The relative values of fuels are given through 
various examples and calculations. These comparisons are 
based on producers complying with the more exacting requirements 
of present-day practice. 


utilization as heat in the furnace make it advisable to 

review the subject from time to time, to direct attention 
to new developments, and to use recent data, discarding those 
which are obsolete. The ultimate purpose of investigations 
and reports on the generation and use of heat is to reduce the 
fuel cost of an industry. The discussions reach executive 
officers who control the capital investment or operating expense, 
and as these men can give neither time nor attention to details, 
technical reports should be brief. Especial care must be taken 
to avoid the use of obsolete data. In reviewing published 
figures on producer gas, it is found that relatively little is to be 
found representative of present-day practice. Even in the most 
recent engineering handbooks and specialized works on fuels, 
producer-gas data need revising as the information represents 
conditions as far back as 20 years ago. 

Probably the principal reason for the obsolescence of gas- 
producer data even as recent as ten years ago is the notable 
advance in the development of the high-speed, large-capacity, 
completely mechanical gas producers as designed and built 
in the United States. The principle of quantity or mass pro- 
duction is as great a driving force in this field as in others where 
the tools represent large investments of capital. 

Thus the rate of gasification moves upward. The simple, 
hand-operated gas producers of 1907, when the noted Bureau 
of Mines tests at the St. Louis Exposition were made, were 
operated at rates of about 8 to 10 lb. of coal per sq. ft. per hr. 
of the horizontal cross-section of the gasification zone. Today 
the completely mechanical gas producer, equipped with ample 
air-supplying turbo blower and a mechanically operated double- 
bell sprinkling coal feed, gasifies at eight to ten times the average 
rates of 20 years ago. 

Table 1 illustrates the need of using up-to-date information 
regarding the calorific value of the gas made and the rate of 
gasification of coal in gas producers. 

The most recent and valuable information on gas-producer 
economics probably is found in the publications of gas-porducer 
manufacturers, in the Transactions of the American Iron and 
Steel Institute, the Engineers Society of Western Pennsylvania, 
the current technical press of the steel and glass industries, and 
in papers presented before various engineering societies. The 
1929 data in Table 1 are based on routine producer operation 
in gasifying upward of 100,000 tons of coal and on several 
hundred gas analyses. 

It is coming to be recognized by many combustion engineers, 
but not yet as fully by those in executive positions, that the 
value of producer gas depends on three heat factors. The 
first of these is the heat of combustion or “calorific value” of 


(CC viiastn in the industrial preparation of fuel and its 


! Manager, Gas Producer Division, Wellman-Seaver-Morgan Co. 

Contributed by the Iron and Steel Division and presented a 
the National Iron and Steel Meeting, Cleveland, Ohio, Sept. 11 to 
13, 1929, of Tae AMERICAN SociETY OF MECHANICAL ENGINEERS. 

Note: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 
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the gas. This is calculated from the chemical analysis, and is 
the figure generally used in considering the suitability of a gas. 
The chemical analysis is made with reagents in aqueous solution, 
at the laboratory room temperature; consequently the results 
obtained are those of cold, clean, washed producer gas. The 
heat thus determined is about 80 per cent of the available heat 
of the gas as delivered into the furnace, in which the gas is con- 
sumed. 

The second factor is the “‘sensible’”’ heat, corresponding to the 
temperature at which the hot gas enters the furnace. This 
represents about 12 per cent of the heat of the coal. 


TABLE 1 PRODUCER GAS ACCORDING TO VARIOUS 
AUTHORITIES 


Authority and year.....A (1922) B (1926) -—---—W.S.M. (1929) 
Approx, 
vein ore, 
coal 1 
Producer gas Per cent Percent Percent Per cent Per cent 
22.0 22.9 25.0 27.0 24.7 
ere 0.4 ‘ 0.87 0.8 0.7 
a ae 10.5 15.3 14.49 12.7 13.0 
5.7 5.2 4.69 4.6 5.0 
Calorific value, gross 
B.t.u. at 60 deg. fahr. 136.0 135.0 167.03 176.5 163.3 


Coal gasified per sq. ft. 

per hr. of producer 
asesenes 7.64 Average. .. .50.0 Ib. 
Maximum. . 84.6 Ib. 


The third item is the heat due to the calorific value and 
sensible heat of the tar vapor swept into the furnace by the hot 
gas, amounting to about 7 per cent. 

Table 2 gives numerical values of these items, as observed 
in the routine operation of a large plant using a Pennsylvania 
bituminous coal, and shows the contributions of each of these 
factors to the total heat of the gas. 


TABLE 2 VALUE OF THREE HEAT FACTORS IN PRODUCER GAS 


Heat of combustion Gross 
of producer gas value Per 
Per cent At @®tu) B.t.u. cent 
Carbon monoxide 323 80.75 
Methane 2.27 1012 23.07 
Illuminants. . 0.87 1853 16.12 
Hydrogen (Ha). . yarns 325 47,09 
Carbon dioxide (CO»). 4.69 
Nitrogen (N2).. 
.00 167.03 80.2 
per cu.ft. gas..... 15.00 7.2 
Total heat of combustion per cu. ft. gas............. 182.03 87.4 
Sensible heat in gas at 1400 deg. fahr.................. 26.30 12.6 
Total available heat in gas per cu. ft................ 208.33 100.0 


The quantity of tar depends upon the producer temperature, 
the characteristics of the coal, and as to its delivery into the 
furnace, on the gas velocity and the degree of insulation of the 
flues (which should be used, as well as the usual brick lining). 

With a certain group of Western coals of relatively low B.t.u. 
value, it was found by simultaneous analyses that 12.0 gal. 
of tar were carried out of the producer in the form of microscopic 
fog globules suspended in the gas. Of this quantity 11.25 gal. 
of tar were delivered into the furnaces. The loess by condensation 
in uninsulated flues lined with 4'/; in. of brick, during an average 
atmospheric temperature of about 20 deg. fahr., was 0.75 gal. 
per ton of coal gasified. Thus 94 per cent of the tar was utilized. 
This is especially desirable, as the incandescent tar particles 
contribute to the valuable high luminosity of producer gas, 
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and the radiant heat therefrom is one of the valuable features 
of producer gas compared with some other fuels, 

The value of a fuel may be measured in either of two ways. 
The usual method is to consider the calorific value according 
to its chemical composition and the heat of combustion resulting 
therefrom as delivered at the furnace, in which it is consumed. 
To this is added the sensible heat gained by the gaseous fuel 
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Nore: Detailed calculations for the heat in products of combustion as 
shown above were furnished but are not included here. 


and its combustion-air supply through 
preheating in a recuperator or regen- 


erator. " Heat in products of 


present more or less, according to the characteristics of the fuel. 
Thus disregarding the question of the gas mass to radiant conduc- 
tivity in the furnace, there is a marked difference between the 
relatively colorless combustion of blast-furnace gas and the 
high luminosity of hot raw producer gas with its accompany- 
ing incandescent oxidizing fog of tar vapor and minute particles 
of oxidizing coke dust. 

Von Helmholtz, by reasoning and by experimentation, showed 
clearly that a luminous flame was more effective than a non- 
luminous one in the ratio of 1.8 to 1.0. His calculations were 
substantiated by his observations, with negligible variations, 
as shown in Table 3. 

The heat in the products of combustion varies according to 
the furnace temperature, which in turn is affected by items such 
as excess combustion-air supply, radiation and infiltration of 
air through open doors and masonry joints, and by the use of 
water cooling of ports, doors, etc. But if the furnace tempera- 
ture and the waste gas analyses are given, the fuel demand may be 
determined with a reasonable degree of certainty. 

The relative value of fuels is given according to two sets of 
data. Table 4 is based on a furnace temperature of 2300 deg. 
fahr., using the heat in the products of combustion as given 
in Trinks’ ‘Industrial Furnaces,”’ vol. 1, pp. 83, et seq. Professor 
Trinks has used a hot raw producer gas of 148.7 B.t.u. per cu. 
ft. and has not included the calorific value of the tar fog of 
the gas nor the sensible heat of preheated air. The wolume of 
producer gas per pound of coal is taken at 64.1 cu. ft. at 60 deg. 
fahr. in Table 4. 

His producer-gas analysis and heat value are fairly indicative 
of present practice of existing gas producers, including therein 
the many thousands of machines of types no longer made. But 


TABLE 3 RADIATION IN RELATIVE UNITS 


Luminous Non-luminous——~ 


Gas Observed Observed Calculated Average 
Ge 391 327 325 
Ethylene Sie 1140 510 502 
Illuminating. ........... 310 181 179 
Variation between observation and calculation. ......1.18% 


TABLE 4 RELATIVE VALUE OF FUELS 


(Basis 1,000,000 B.t.u. in products of perfect combustion at 2300 deg. fahr. furnace temperature. 
Quantities of heat per unit of measure from Trinks’ ‘‘Industrial Furnaces’’) 


Fuel and cost per Max. price of fuel to 


Another method is to calculate the combustion, no excess 1,000,000 B.t.u. in compete with raw 
° air, per unit of fuel, products of perfect Cost, producer gas, 
total sensible heat of the gaseous prod- Fuel B.t.u. per combustion, quantity dollars dollars 


Hot raw bituminous pro- 


ucts of combustion in the furnace 
ducer gas 


chamber. This is ‘based upon the 
chemical analysis of the waste gases 
at the furnace discharge port, and also 
of the temperature of these gases in 
the furnace chamber. A tendency to 
more reliable results characterizes this 
method. This is due to the taking 
into account of the quantity of the ex- 
cess air brought into the furnace along 


Cold clean bituminous 
producer gas 


Natural gas 
Coke-oven gas 
Blast-furnace gas 


Blue water gas 


141,000.0 M cu. ft. gas 


103.0 cu. ft. gas 


6,600.0 Ib. coal 0.38 With coal at $4.00 


per ton delivered 
or $5.06 per ton 
gasified 


151.0 lb. = 0.07 ton 
@ $5.06 


97.0 cu. ft. gas 


6,218.0 Ib. coal 160.8 lb. = 0.08 ton 0.38 4.75 per ton coal 
@ $4.75 


2.0 M @ $0.45 0.90 0.19 per M cu. ft 
2.0 M @ $0.0913 0.38 0.0913 per M cu. ft. 


78,000.0 M cu. ft. gas 12.8 M @ $0.0297 0.38 0.0297 per M cu. ft. 
1 


.0O} 7.1M @ $0.0535 0.38 0.0535 per M cu. ft. 
7,400.0 Ib. coal 


Coal 135.0 Ib. = 0.068 ton 
with that air required for combustion. @ $5.60 0.38 5.60 per ton 
H Fuel oil 9,900.0 Ib. oil 
Also the presence of water vapor is 67,025.0 gal 14.7 gal. @0.05'/s 0.759 0.0253 per gal. 
recognized and evaluated. Thismethod Coal tar 78,300.0 Ib. 
admits of making a proper distribution 
of heat utilized in heating the stock — Calorific value of fuels used in above table 
in the furnace and of the losses through fils B.t.u. met B.t.u. gross 
Hot raw bituminous producer gas 138.7 148.7 
radiation, leakage, and that carried Cold clean bituminous producer gas 
Natural gas 5 
out by the waste gases. ale deee gas 428.0 478.0 
Neither of these methods takes into —_Blast-furnace gas 91.8 $F 
Blue water gas 279.0 303.0 
account the effect on heating the stock Coal 14,080.0 M4 490 0 
through the action of the radiant heat, Tar 15 827.0 16 341.0 
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in making investigations for replacement of equipment or the 
erection of new installations, competitive figures should be 
based upon the average best results of present practice when 
using completely mechanical gas producers, in whose con- 
struction are included the latest approved advances in design, 
construction, and operation. 

For. this reason the relative value of fuels given in Tables 
5 and 6 and in Fig. 1 may be preferred. These comparisons 
are based on producers complying with the more exacting re- 
quirements of the art of today. Included in the values are the 
heat content of the producer gas and preheating of both the gas 
and the air. The cost of the fuels is the cost of the fuel itself 
plus the total conversion cost of the gas-producer plant and 


TABLE 5 RELATIVE VALUE OF FUELS 
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operation. The calculations for oil and tar include 2'/; per cent 
charge for atomization, heating in cold weather, and charge 
for burners, piping, and containers, so that the figures given for 
the maximum unit prices for these fuels are 97'/, per cent of 
their cost. 

The costs given for coke-oven gas, blast-furnace gas, and 
coal tar are the maximum allowable prices which should be 
paid for these fuels in competition with hot raw bituminous 
producer gas. This is done for the reason that these fuels 
being by-products of the manufacture of coke for metallurgical 
uses, have no quotable value per se, but may be assigned ‘‘book”’ 
values according to the judgment or desire of the coke-plant 
executives. 

While the heat values taken from 
Prof. Trinks’ diagrams are for air sup- 


(Basis 1,000,000 B.t.u. in products of combustion at 2300 deg. fahr. furnace temperature. Quantities ply for perfect combustion, the Tables 


of heat per unit of measure, based on fuel analyses in Table 6) 


Heat in products of Fuel and cost per 1,000,000 
perfect combustion and _ B.t.u. in products of com- 
20% excess air per unit bustion and 20% excess 
Fuet of fuel, B.t.u. per air, quantity 


Hot raw bituminous 
producer gas 107.8 per cu. ft. 


6,910.0 Ib. coal 145.0 lb. = 0.073 ton @ 


Cold clean bituminous 101.6 cu. ft. 
producer gas 6,5 0 Ib. coal ae | 0 lb. = 0.077 ton @ 
$4.78 
Natural gas 619.7 cu. ft. 
619,700.0 M cu. ft. 1.615 M cu. ft. @ $0.45 
Coke-oven gas 300.0 cu. ft 
300,000.0 M cu. ft. 3.33 M cu. ft. @ $0.11 
Blast-furnace gas 92.0 cu. ft. 
92,000.0 M cu. ft. 10.86 M cu. ft. @ $0.0338 
Fuel oil 11,097 .0 Ib 
74,732.0 gal. 13.4 gal. @ $0.05 
Coal tar 8,788.2 Ib. 
83 488.0 gal 11.9 gal. @ $0.031 
Composition of above fuels 
Producer Natural Coke-oven BI. furnace 
gas, gas, gas, gas, 
percent percent percent per cent 
co 25.00 0.45 5.7 25.40 C 
CH, 2.27 93.33 28.0 
0.25 3.3 
Ilits. 0.87 
Hs 14.49 1.82 53.0 3.50 
0.18 5 
On 0.35 0.2 
COs 4.69 0.22 2.0 2.50 
Nz 52.68 3.40 7.8 58.60 
Total 100.00 100.00 100.0 100.00 
Calorific value—net gross 156.3 860.4 468.7 91.70 th. 
526.7 
Vol. of gas per Ib. fuel 64.1 22.83 33.71 13.0 


Weight per gallon 


Cost, producer gas, 
dollars dollars 


5 and 6 are based on the admission 
of 20 per cent excess air. The com- 
position of producer gas is also dif- 
ferent, as given in Table 7. 

Table 6 is a tabulation of the relative 


Max. price of fuels 
to compete with 


0.367 With coal at 34.00 values of fuels for various temperatures 


per ton delivered 
or $5.06 per ton in the furnace of the heat in the prod- 


on ucts of combustion for a range of tem- 
perature from 1800 deg. to 3200 deg. 


0-307 4-78 perton of coal From this tabulation graphs in Fig. 1 
0.73 0.227 per Mcu. ft. are plotted for temperatures of from 
0.367 0.11 per M cu. ft. 1500 deg. fahr. to 3500 deg. fahr. 

0.367 0.0338 per M cu. ft. In the discussion of the cost of 
0.67 0.0274 per gal. producer gas, a cost of $5.06 per net 
0.367 0.031 per gal. ton of coal gasified has been used. 


This cost is based on bituminous coal, 
preferably “run of mine,” being de- 
Fuel oil, Coal tar, Jivered at the track hopper of the coal 


+7 c ge track alongside of the producer plant 
at $4 per ton. The conversion charges 

Ash 0.10 are $1.06 per ton. 
Ss Assuming two producer plants of 
wa 3.10 three and of ten mechanical gas pro- 
is 0.12 ducers of the highest type and most 
3978-6 t». 15.4990 approved design, operating at 4000 Ib. 
per producer hour continuously through- 
6.75 9.5 out the month exeept for a 16-hour 


TABLE 6 HEAT IN PRODUCTS OF COMBUSTION AND COST OF FUEL 


Fuel Temperature—deg. fahr. 1800 

Hot raw producer B.t.u. per 1.0 cu. ft. gas 80.5 
gas from B.t.u. per 1000.0 cu. ft. gas 80,500.0 
bituminous coal __B.t.u. per 1.0 Ib. coal 5,156.8 
B.t.u. per 1.0 ton coal 10,313.600.0 

Lb. coal per 1,000,000 B.t.u. 193.91 

Cost coal per 1,000,000 B.t.u. $0.49 

Cost coal per 1000 cu. ft. gas 0.037 

Natural gas B.t.u. per 1.0 cu. ft. gas 472.0 
B.t.u. per 1000.0 cu. ft. gas 471,960.0 

Cu. ft. gas per 1,000,000 B.t.u. 2,120.0 

Cost per 1,000,000 B.t.u. at 45¢ $0.955 
Allowable price per M cu. ft. Average 

Coke oven gas B.t.u. per 1.0 cu. ft. gas 224.0 
B.t.u. per 1000.0 cu. ft. gas 224,000.0 

Cu. ft. gas per 1,000,000 4,460.0 
Allowable price per M cu. ft. Average 

Blast-furnace gas B.t.u. per 1.0 cu. ft. gas 68.5 
B.t.u. per 1000.0 cu. ft. gas 68,500.0 

Cu. ft. per 1,000,000 B.t.u. 14,600.0 
Allowable price per M cu. ft. Average 

Fuel! oil B.t.u. per 1.0 Ib. oil 8,259.7 
B.t.u. per 1.0 gal. oil 55,755.0 

Gals. oil per 1,000,000 B.t.u. 17.9 

Cost oil per 1,000,000 B.t.u. 

at 5'/a¢ $0.94 

Allowable price per gal. oil 0.0274 

Coal tar B.t.u. per 1.0 Ib. tar 6,541.5 
B.t.u. per 1.0 gal. tar 62,144.0 

Gals. tar per 1,000,000 B.t.u. 16.1 

Allowable price per gal. tar $0.0304 


20% excess air—preheated air. 


2000 2400 2700 3000 3200 
91.5 113.3 129.94 144.8 155.3 
91,500 .0 113,300.0 129,940.0 144,800.0 155,300.0 
5,863.0 7,256.4 8,329.1 9,279.6 10,054.0 
11,726,000.0 14,512,800.0 16,658,200.0 18,559,200.0 20,108,000.0 
171.56 137.81 120.41 107.76 99. 46 
$0. 433 $0.348 $0. 304 $0.273 $0. 252 
0.045 0.056 0.064 0.071 0.076 
523.3 651.8 747.1 836.6 906.2 
523,300.0 651,800.0 747,100.0 836,600.0 906,200.0 
1,914 0 1,535.0 1,340.0 1,196.0 1,103.0 
$0. 863 $0. 692 $0. 604 $0. 538 $0.496 
$0. 228 
253.1 315.1 361.5 405.5 440.0 
253,100.0 315,100.0 361,500.0 405,500.0 440,000 .0 
3,956.0 3,280.0 2,765.0 2,470.0 2,270.0 
$0. 109 
77.8 96.7 2319 122.9 133.0 
77,800.0 96,700.0 111,200.0 122,900.0 133,000 .0 
12,854.0 10,340.0 8.993.0 8,137.0 7,520.0 
$0. 0336 
9,381.5 11,669.4 13,251.7 14,941.6 16,168.1 
62,625.0 78,768.0 89,450.0 100,855.0 109,135.0 
16.0 2.7 11.2 9.9 9.2 
$0.84 $0. 666 $0. 588 $0.52 $0483 
0.0271 0.028 0.0271 0.0275 0.0274 
7,438.2 9,248.2 10,559.8 11,782.1 12,765.0 
70,663 .0 87,763.0 100,413.0 111,930.0 121,268.0 
14.15 11.4 9.97 8.95 8.25 
$0. 0304 $0.0304 $0.0304 $0.0304 $0. 0304 
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TABLE 7 COMPOSITION OF PRODUCER GAS carried on by the gas from one producer. The working of the 
Table 4, Tables 5 and 6 od f h f ifi 
Producer gas of per cent per cent producer was perfectly normal, except for the rate of gasification 
co =.8 eo of coal which was twice that obtaining when two producers 
ag 00 0 87 were used. The condition of the gasification zone, the ash bed 
ite oy eo below, and other features were such as to continue the producer 
N: 56.5 52.68 in the ordinary routine operation. It was noticed in this instance, 
Total 100.0 100.0 as in other cases of high gasification, that high gasification 
T u. ft. of gas Not included 0.0006 Ib. . ° 
wales af i563 rates are characterized by even better working than at low rates. 
Calorific value of gas—sgross B.t.u. 147.8 167. 9 This even, high-speed regularity is due largely to the manner 
— 13,9360 of working the producer, which is designed for a continuous 
135 
10 
a 8 
7 
wil 
110 steam Pressure 
30 
oY wl 25 in Producer 
(= fuel Thickness” 
we 15 
5: = 
40 
35 
24 
[7000 6640. Lb 
wt 10/6000 <x dye <r 
Cio 
T 
Ox |a |5000 code tot +—Average Fue/ 
™N 4870. Lb. per Hour 
\e 
ra) 
Ola 
|3000 ~ 
2 AM. 10 i 1:30 12 IPM. 2 3 4 5 6 7 8 8509 


Tap to Tap of Heat 9 Hr. 20 Min 


Fic. 2. Gas-Propucer Practice, ONE WELLMAN-SEAVER-MorGAN Gas Propucer, Type L, No. 10, One 100-Ton Open-Heartu 
Stee, Furnace—Fve., Biruminous Coat anp 50 Per Cent Hor Mertat, 106 Tons InGots 


week-end shutdown, the summarized cost of plant and operation 
is given in Tables 8 and 9. The estimate includes foundations, 
firebrick and insulation, linings, and the plant ready for use, ex- 
cept real estate. 

The costs of operation of producer plants, whose estimated 
probable investment costs are given in Table 8, are given in 
Table 9, part A, for three producers and part B for 10 producers. 
These costs are itemized somewhat more in detail to give a clear 
idea as to what items enter into the operation of a gas-producer 
plant. The tendency in industries, such as those of steel, gas, 
and chemical works, is to minimize the week-end shutdowns. 
In figuring the operating costs, a 31-day month with 5 Sundays 
is considered. The week-end shutdown of the producers is 
taken at 8 hours per Sunday. 

Tables 10 and 11 and Fig. 2 give an interesting record of the 
melting of an open-hearth basic steel heat of 106 tons of ingots 
in the current operation of a large steel works. In this plant 
the open-hearth furnaces are supplied with the usual number 
of mechanical gas producers, which is two per furnace. While 
one producer was laid off, the customary steel making was easily 


input of coal, a maintenance of uniform fire conditions, and un- 
obstructed upflow of air through the fuel bed. These latter 
conditions are largely due to the continuous descent of ashes 
from the fire to the ash pan from whence they are removed by 
the ash plow in an uninterrupted flow as long as the coal is being 
delivered to the fire. 

The time of the heat from tap to tap was nine hours and 
twenty minutes. During the charging of the raw materials 
into the furnace the gas used was at a minimum. The demand 


TABLE 8 PLANT COST 


bar gas producers Ten gas producers 


Size of plant otal Each Total Each 
Gas producers $35,700.00 $11,900.00 $118,300.00 $11,832.00 
Dust catchers 7,500.00 2,500.00 24,800.00 2,480.00 
“‘Header”’ gas flue 3,200.00 1,066.70 12,950.00 1,295.00 
Producer building and 
60-ton overhead coal 
bins 20,400.00 6,800.00 57,850.00 5,782.00 
Coal handling 16,000.00 5,333.30 24,000.00 2,800. 00 
Contingencies about 5% 4,200.00 1,400.00 12,100.00 1,210.00 
Total 87,000.00 29,000.00 250,000.00 25,000.00 


Norte: Details of the estimated probable plant costs as given above 
were furnished but are not included here. 
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rapidly built up after that until a peak 
gasification of 6640 lb. of fuel per hour 
was reached. By this time the tem- 
perature of the bath had reached the 
point of combustion of the metalloids 
of the pig metal. This increased sup- 
ply of heat from the combustion of the 
metalloids necessitated a slowing down 
of the demand for producer gas, reach- 
ing a minimum at the time of tapping 
the heat. 

The fuel used in the producer was 
85.7 per cent bituminous coal and 14.3 
per cent coke. The average gasifica- 
tion was 4870 lb. per hr., or 57.4 tons 
per day. The maximum rate was 79.7 
tons per day. 

An inspection of the data discloses 
the fact that as the rate of gasifica- 
tion increased, the thickness of the fuel 
bed was built up, and with the increase 
in air supply indicated by the increase 
of steam pressure for the turbo-blower 
operation, the chemical activity of fuel 
oxidation was intensified. This is evi- 
denced by the record of the correspond- 
ing increase in the gas temperature. 
As a necessary consequence the carbon 
monoxide content increased and was 
accompanied by a lowering of the 
carbon dioxide. This is an interesting 
confirmation of laboratory research 
work of producer operation in estab- 
lishing the fact that a high tempera- 
ture is necessary for a high ratio of 
carbon monoxide to carbon dioxide. 

In this record is found a practical 
demonstration on a full-sized working 
scale of the justification for the high 
rates of gasification, and for the com- 
pletely continuous functioning of all 
of the input and output features of the 
modern mechanical gas producer. A 
study of the gas analyses shows that 
gas of a high quality is obtainable at 
these rates, as well as at the lower 
rates used in Table ‘These latter 
rates were in the neighborhood of 3000 
lb. per hr. 

A comparison between the practice 
obtainable from obsolete hand-operated 
and modern mechanical gas producers 
in a steel works was made recently 
showing that the life of equipment 
must not be measured by its physical 
condition so much as by the service 
obtained from it and the cost of the 
service. The coal used is a good grade 
of bituminous coal practically equal 
to Pittsburgh vein coal. The operat- 
ing figures cover a year’s actual work 
of the plant. The estimate of the me- 


chanical producer plant is based on 
manufacturing costs, and is in ac- 
cordance with local conditions existing 
(See Table 12.) 


in the mill. 


IRON AND STEEL 


IS-51-8 


TABLE9 PART “A” ESTIMATED OPERATING COST OF THREE OPERATING PRODUCERS, 
TWO PRODUCERS OFF 8 HR. EACH SUNDAY 


Men per 
24-hour ——————— 
day Hour Day 
Foreman—prorated from furnace fore- 
man's part time 6hr. $0.85 5.10 
Gas men 3 0.55 13.20 
Coal handling 1 0.65 5.20 
Ash man 1 0.50 12.00 
Mechanical and electrical upkeep 200 hr. 0.75 
Removal! of ashes from plant, 8°% of coal = 330 tons 
Labor total (per ton of coal $0.366) 
Coal, 3 producers, 2072 hr. @ 4000 Ib., tons 4144 
Steam 0.3 Ib. per Ib. coal, M Ib. 2490 
Cooling water 300 gal. producer hr., M gal. 670 
Electric power 2 kw-hr., kw-hr. 4500 
Electric light 
Lubrication, supplies, upkeep 
Materials total (per ton of coal $4.292) 
Depreciation and obsolescence per mo. $87,000 


Plant administration 19,301 
Overhead total (per ton of coal $0.414) 
Total (per ton of coal $5.072) 


Cost per ton of coal gasified, tons 4144 
Cost per ton of coal gasification only, tons 4144 
Cost per 1000 cu. ft. gas, M cu. ft. per ton 130 


1,000,000 B.t.u. calorific value of gas and tar vapor at 175 


B.t.u. gross, million B.t.u. per ton 22.75 


TABLE 9—PART 


ESTIMATED OPERATING COST OF NINE 


0.50 


4.00 
0.40 
0.10 
0.01'/2 


10% 
¢ 


STANDBY PRODUCERS (TEN W.S.M.GAS PRODUCERS, TYPE L, NO, 
GAS ON 31 DAYS = 744 HOURS 
Men per 
24-hr. Rate Day, Month, 
day hour dollars dollars 
General foreman 1 9.68 300.00 
Sub-foreman 3 $0.85 20.40 632.00 
Gas men 6 0.55 39.60 1,227.60 
Coal handling 2 0.65 10.40 322.40 
Ash men and oiling 6 0.50 24.00 744.00 
Upkeep of plant pro- Machinist 1 0.80 6.40 198.40 
ducers, coal-handling Helper 2 0.65 10.40 322.40 
equipment, etc. Electrician ('/;) 1 0.80 2.12 65.70 
Helper (2/;) 1 0.70 3.35 104.00 
Removal of ashes from plant, 8°% of coal = 975 tons 0.50 437.50 
Labor total (per ton of coal $0.358) 
Coal, 9 producers @ 704 hr. @ 4000 Ib., tons 12,172 4.00 48,688.00 
Steam, 0.3 Ib. per Ib. coal, M Ib. 7,300 0.40 2,920.00 
Cooling water, 300 gal. producer hr., M gal. 2,000 0.10 200.00 
Electric power, 2 kw-hr. producer hr., kw-hr. 14,000 0.015 210.00 
Electric light, days 31 75.00 
Lubrication, supplies, upkeep 150.00 
Materials, total (per ton of coal $4.30) 
Depreciation, obsolescence—per month 250,000.00 10% 2,083.00 
Plant administration 56,597 .00 §% > 830 
Overhead—total (per ton of coal $0.40) 
Total 1,968.10 per day 
Cost per ton of coal gasified, tons 12,172 
Cost per ton of coal gasification only 
Cost per 1000 cu. ft. of gas, M cu. ft. per ton 130 
Cost per 1,000,000 B.t.u. calorific value of gas and tar 
vapor at 175 B.t.u. gross, million B.t.u. per ton 22.75 


Coal per 1,000,000 B.t.u. net, in products of combustion 
in the furnace at 2400 deg. fahr., Ib. 

Cost per 1,000,000 B.t.u. net, in products of combustion 
in the furnace at 2400 deg. fahr. 


5.06 X 0.0687 ton 


TABLE 10 FUEL PRACTICE USING ONE W.S.M. GAS PRODUCER, TYPE 
STEEL OPEN-HEARTH FURNACE OPERATION 


Month 


$ 1,514.50 


17,786. 50 


1,690.00 
$20,990.00 
$5. 067 

1.067 
0.039 


).221/4 


OPERATING AND ONE 
10) FOR ONE MONTH, 


Per month 


$ 4,354.00 


L, NO. 10 BASIC 


Furnace Hearth, 19’0” wide, 43’6” long. area 826.5 sq. ft. 
2°6” deep, vol. 554.0 cu. ft. 
Capacity, rated 100.0 G. tons, actual 106 G. tons 
Capacity, per sq. ft. per hour 0.1283 G. tons 
Capacity, per sq. ft. per hour 287 . 40 Ib. 
Charge Scrap 47.2% 121,800 Ib. 
Hot metal 50.4 130,000 Ib. 
Manganese 0.3 700 Ib 
Greate, 9600 Ib. @ 56° 2.1 5,400 Ib 
Total metals 100.0 257,900 Ib 
Silica 300 Ib 
Limestone 26,000 Ib 
Spar 900 Ib 
Dolomite 5,000 Ib 
Total fluxes 31,300 Ib 
Product Steel ingots 92.2% G. tons 106 237,440 Ib. 
> 0.21% Phos. 0.009 
Mn 0.39 Sulphur 0.044 ’ 
Time of heat Tap to tap 9 hr. 20 min. 
Gas producer One W.S. M. gas producer, Type L, No. 10 Area 78.54 sq. ft. 
Fuel Coal 85.7% 4,180.0 Ib. per hr. 
As used Coke 14.3% 690.0 Ib. per hr. 
Total, ave. 4,870.0 Ib. per hr. Total 47,230 Ib. 
Max. 6,640.0 Ib. per hr. ” 
Per sq. ft. producer area, lb. per hr. Ave. 62.0 Max. 85.6 
Equivalent 1.0 Ib. nut coke = 0.65 Ib. bituminous coal 
far all coal Average 690.0 Ib. per hr. Total 45,530 Ib. 
Maximum 6,390.0 Ib. per hr. 
Per sq. ft. producer area 59.7 4 81.4 
Per ton of fuel (coal and coke) as used 3 


Ingots fuel coal equivalent 
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Rate -————— 
Month 

$157.10 

| (186 hr.) ; 
409 . 20 
161.20 
372.00 ae 
150.00 
165.00 
16,576.00 

996.00 

67.00 
67.50 

30.00 
{ 50.00 
{ 725.00 
965.00 

52,243.00 
4,913.00 

$61,510.00 

$5.053 

1.053 
0.039 . 

0.221/4 
$ 0.348 
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TABLE 11 W.S.M. GAS PRODUCER, TYPE L, NO. 10 GASIFICATION—COAL AND COKE MIXED 
(In connection with Table 10) k 
Coal and coke 


Ashes as used Equivalent coal 
Gas over bl. Fuel per per per per —— Pressures — Temperatur 
Time, co CO: CO/CO: hood zone hour, hour hour, hour Air Gas Net air Steam, Air Gas 
A.M. Per cent Per cent ratio Inches Lb. Lb. Inches of water Ib. sq. in. Deg. fahr. 
9:00-10:00 25.0 5.0 5.00 23.0 15.0 4880 62.2 700 =6—60.0 9.6 I= 6636 90.0 134 1500 
10:00-11:00 26.2 5.0 5.24 23.0 17.0 3850 49.0 3700 48.4 10.1 1.2 8.9 105.0 132 1470 
11:00-12:00 25.2 4.8 5.25 20.0 22.0 3850 49.0 3700 48.4 9.6 ® 8.5 95.0 130 1485 
P.M. 
12:00— 1:00 24.8 4.8 5.20 20.0 20.0 3630 46.2 3490 44.4 10.2 me & 108.0 130 1440 
1:00— 2:00 24.8 4.6 5.41 21.0 19.0 4560 58.1 4390 56.0 10.0 1.4 8.6 105.0 130 1440 
2:00-— 3:00 26.4 4.4 6.00 22.0 21.0 5400 68.8 5210 66.3 10.1 1.5 8.6 115.0 130 1485 
3:00— 4:00 25.0 4.8 5.21 20.0 22.0 6240 79.4 6000 76.4 10.3 1.5 8.8 118.0 130 1490 
4:00- 5:00 26.2 4.8 5.47 18.0 24.0 6330 3880.6 6100 77.7 10.0 1.2 8.8 115.0 130 1480 
5:00—- 6:00 25.4 4.6 5.10 17.0 25.0 6640 84.6 6390 S1.4 9.8 1.1 8.7 110.0 130 1540 3 
6:00— 7:00 25.8 4.0 6.45 15.0 29.0 5080 64.7 4880 62.1 9.0 1.8 7.9 97.0 130 1515 
7:00— 8:00 26.6 3.8 7.00 14.0 30.0 4570 58.2 4400 56.0 8.0 1.0 7.0 95.0 130 1485 
8:00— 9:00 26.2 4.0 6.55 15.0 27.0 3420 43.5 3380 44.0 Se «4.8 TS 95.0 130 1470 
Average 25.7 4.6 6.5 19.0 23.0 4870 =62.0 4690 59.7 9.7 1.2 8.5 104.7 130 1485 
Continuous 12- 
hr. sample 25.4 4.2 6.0 Steam pressure available 120.0 


Fuel—bituminous coal 85.7%, nut coke 14.3%. Gas from one producer only for open hearth, 106.0 gr. ton heat. 
Time of heat—tap to tap, 9 hr. 20 min. 50.4°% hot pig metal used. 

Gasification rate—fuel as charged—average 57.44 tons per day. At max. rate above, 79.68 tons per day. 

The producer operation as above was in the ordinary routine of the open-hearth shop continuous operation. 
Fuel as charged, 446.5 Ib. or coal equivalent, 429.0 Ib. per ton of ingots. 


TABLE 12 COMPARISON OF MODERN AND OBSOLETE GAS 


of clean producer gas displaces 1 B.t.u. of other fuels, 100 Ib 


PRODUCERS 
aamaat ——— of coal in the producer will displace 1000 cu. ft. of natural gas, 
equipment equipment 1820 cu. ft. of coke-oven gas, or 7.1 gal. of fuel oil. 
Gas producers ¢ 30 of “XYZ" make 6 mechanical producers 
Operation—in all features Manual Mechanical 


Open-hearth furnaces— 


normally in use 5 to 75 ton capacity 


TABLE 13 COST OF CLEAN PRODUCER GAS 


yas making —one day of 24 hours 


ingest eutput per year O00 tons Labor Three men @ $5.00 $ 15.00 
Per ton Per ton Per ton Materials 
Cost of producer-gas heating of ingots of ingots of coal Coal @ 
‘ 2 ¢ Cooling water M gal. 0.0: A 
andiing Steam 25.0 M lb. 0.35 8.75 
Coal 1.15 0.74 3.35 Power 125.0 kw-hr. 0.02 2.50 
Steam 0.10 0.04 0.18 Total 211.68 
Flectrig ight and power OL 0.03 Total gas making —manufacturing cost $226.68 
Repairs and upkeep 0.02 0.01 0.05 Cost per ton of coal hos $ 4.5 
Interest and depreciation 0.04 0.08 0.37 Cost per ton of coal —gasification only 0.53 
Administration 0.04 0.16 
Total $1.48 $0.98 $4.42 Cleaning plant 4 men @ $5.40 $ 21.60 
Probable saving per ton of ingots 0.50 Purifier room 1 man 3.00 
Clean bituminous producer gas involves a certain modification —_yfaterials s 
Cooling water 285.6 M gal. @ $0.03 8.57 


of gas-producer operation from that customary in making hot 


Steam—recirculating 


raw producer gas for immediate use. In present practice this enmes 12.0 M tb 
limits the gas temperature in the producer to about 1200 deg. —_—a Te. 


fahr., although certain coals will admit of a somewhat higher 


29.0Mlb. @ 0.35 10.15 

temperature. Even as the best type of the mechanical gas Power-exhausters 1625.0 kw-hr. 0.02 32.50 

ifi f-mi 1 hed h h Purifying gas—coal of 2% sulphur, of which 1.4% removed by 
producer gasihes run-ol-mine coal crushe to pass throug purifier or 1400 Ib. per day. An equal weight of oxide is used 
a 3-in. ring, retaining all of the “fines,” as well as slack coal, = 1600 lb. oxide 10.00 
coke, and breeze, with characteristics heretofore highly ob- Total $61.22 i 
jectionabl t th leaning art be developed t "= 
jectionable, so must the gas-cleaning art be developed to perm! Cleaning cost per ton of coal 2.43 = 
the cleaning of producer gas under such conditions as commercial Tots! manufacturing cost , 312.50 4 

Total manufacturing cost per ton of coal gasified 25 

considerations cause the gas to be delivered to the cleaner. It Cost of operation exclusive of coal per ton of coal gasified 2.25 


must work in its field with the same efficiency as the producer does 


in making the raw gas. The physical characteristics, and Clean producer gas is an exceedingly cheap industrial gas al 
possibly the qualities of the resins in the coal, and their conse- for transmission through standard steel piping. With the He 
quent variable tendencies to melt into somewhat viscous masses P&ssing of natural gas in parts of the country, it should have = 
necessitate higher gasification temperatures for some coals ® extended use for operations not requiring much over 2000 ie 
compared with others, to secure rapid and satisfactory gasifica- deg. temperature in the furnace. 
tion practice. The gas cleaner must adapt his process ac- Based on the figures of Table 13, the cost of clean gas and % 
cordingly. the maximum competitive prices for other fuels, using the a 

The following information regarding a clean producer-gas Sensible heat in the products of combustion as a basis, and a fur- al 
plant now in its fifth year of successful operation shows actual ace temperature of 2000 deg., are as shown in Table 14. 5 


operating conditions. 

In this work it is found desirable to reduce the flue dust by 
using a clean coal. The dust is screened out and used else- 
where in the plant. The tar, removed from the gas, is burned 
under the boilers. The thermo-chemical efficiency of the process 


TABLE 14 COST OF CLEAN PRODUCER GAS 


Clean cold producer gas—calorific value (net) 

Calorific value per pound of coal at 64.1 cu. ft. per lb. 

Calorific value of 1 pound of coal 

Thermal efficiency 74.6% 
For 1,000,000 B.t.u. of sensible heat in the products of combustion the 

relative values are: 


is 72 per cent, based on the original energy of the coal. By Cold clean producer gas —_—161..0 Ib.-0.08 ton at $6.25 $0.500 % 
Natural gas 1.914 M cu. ft. at 0.45 0.861 
crediting the plant with the tar burned under the boilers this Coke-oven gas 3.956 M cu. ft. at s: 

max. competitive price $0. 1263 0.500 

figure became 78 per cent. ' Blast-furnace gas 12.854 M cu. ft. at 

In view of the foregoing, clean gas can deliver to the furnace . max. competitive price 0.039 0.500 

r Fuel oil 16.0 gal. 0.050 0.800 

about 10,000 B.t.u. per Ib. of coal. Assuming that 1 B.t.u.  Coke-oven tar 14.2 gal. 0.0352 0.500 
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TABLE 15 GASIFICATION PERFORMANCE OF PITTSBURGH VEIN NUT COAL—PRODUCER GAS ANALYSES— 
W.S.M, GAS‘PRODUCERS, TYPE L 


1928 Combustible 
July co C2Ha Hz Total CO: 
9 27.5 3.2 0.7 14.3 45.7 4.9 
10 27.5 3.3 0.8 13.0 44.6 4.5 
27.7 2.4 1.0 14.5 45.6 4.8 
28.6 2.7 0.6 12.8 45.1 4.4 
12 28.4 2.9 0.6 12.7 44.6 4.2 
13 28.3 1.9 1.0 13.2 44.4 4.4 
16 27.6 3.1 1.0 12.2 43.9 4.8 
27.6 3.1 1.0 12.2 43.9 4.0 
29.1 3.1 0.8 14.7 47.7 4.0 
17 28.2 3.1 0.8 12.8 44.9 4.0 
28.6 3.1 0.8 13.2 45.7 4.0 
28.7 2.9 0.8 12.7 45.1 4.2 
8 28.9 3.4 0.8 11.9 45.0 4.0 
27.5 3.7 0.8 12.7 44.7 4.4 
19 28.0 3.8 0.8 12.8 45.4 4.2 
26.7 4.0 0.8 13.1 44.6 4.8 
27.6 3.5 0.8 13.2 45.1 4.8 
26.6 3.8 0.6 12.3 43.3 4.0 
20 27.0 3.6 1.0 12.1 43.7 4.8 
30.0 3.5 1.0 10.2 44.7 4.8 
21 26.3 3.4 0.8 12.2 42.7 4.6 
23 27.4 3.1 0.8 13.2 44.5 4.4 
27.1 2.9 0.8 12.8 43.6 4.4 
27.4 2.9 0.8 13.2 44.3 4.6 
24 27 .6 3.7 0.8 12.8 44.9 4.3 
27.1 3.5 0.8 12.7 44.1 4.4 
25 aon 3.2 0.8 12.3 43.4 4.2 
28.8 3.1 0.8 12.9 45.6 3.8 
26 27.9 3.6 0.8 12.8 45.1 4.2 
27.3 3.4 0.8 13.2 44.7 4.6 
29.5 2.6 0.6 12.9 45.6 4.8 
27 27.8 2.3 1.0 13.2 45.3 4.6 
28 26.2 3.5 0.8 12.7 43.2 4.4 
27.7 3.4 0.8 12.3 44.2 4.4 
30 29.0 3.3 0.8 12.4 45.8 3.5 
28.3 3.4 0.8 11.9 44.4 4.0 
31 28.9 3.8 0.8 13.2 46.7 4.2 
28.4 4.0 0.8 12.3 45.5 4.4 
18 25.1 3.7 0.8 12.4 42.0 §.2 
19 27.1 2.9 1.0 12.1 43.1 5.4 
27.0 4.1 0.6 11.3 43.0 5.0 
20 25.9 3.1 1.0 12.1 42.1 5.4 
23 25.0 3.9 0.8 11.6 41.3 5.8 
24 27.1 4.2 0.6 13.3 45.2 4.6 
25 26.5 3.7 0.8 12.7 43.7 4.8 
26.5 3.8 0.6 11.8 42.7 §.2 
30 23.8 3.9 1.0 13.4 42.1 6.2 
31 25.6 4.2 0.8 12.5 43.1 6.0 
Total 1319.5 161.7 38.9 609.2 2129.3 219.7 
Avg. 27.5 3.4 0.8 12.7 44.4 4.6 
Coal—Pittsburgh Vein Screened Nut 
Fixed carbon........ 
Sulphur 
Ash.. 
Total 
Ash 


B.t.u. dry coal per Ib...... 


Ash-fusion temperature, deg. 


This paper has dealt with operating conditions and costs 
of making gas, with a reference to some of the factors affecting 
the costs. These are items of interest which are ever in the minds 
of plant managers, and need constant revision. 

It would be interesting to discuss the thermo-chemical aspect 
of recent operation, but would lengthen this paper unduly. 
The reader is referred instead to the fine paper, written by the 
late Waldemar Dyrssen when metallurgist to the U. S. Steel 
Open-hearth Committee. The subject of the paper is “Gas 
Producer Practice in Steel Works,’ and it was read at the May, 
1923, meeting of the American Iron and Steel Institute. His 
discussion was largely based upon a test made in Cleveland, 
Ohio, on a modern high-speed producer. The fuel used was 
over six hundred tons of medium grade Illinois and Indiana coals. 


Discussion 


Wm. B. Cuapman.?. We owe a debt of gratitude to Mr. Windett 
? Chapman Stein Co., Mt. Vernon, Ohio. 


Non-combustible B.t.u. at 60° Temp., ° F. 
On N2 Total Net Gross Air blast Gas 
0.3 49.1 54.3 168.0 179.1 124 1420 
0.1 50.8 55.4 169.9 177.5 122 1410 
0.2 49.4 54.4 166.3 177.0 120 1420 
0.2 50.3 54.9 162.4 172.3 120 1410 
0.4 50.8 55.4 162.9 168.5 120 1420 
0.2 51.0 55.6 157.3 166.4 120 1420 
0.4 50.9 56.1 166.1 176.2 118 1420 
0.4 51.7 56.1 166.1 176.2 118 1420 
0.2 48.1 52.3 174.9 176.1 118 1420 
0.2 50.9 55.1 166.7 176.9 118 1420 
0.2 50.1 54.3 169.6 179.6 118 1410 
0.4 50.3 54.9 164.3 176.3 118 1400 
0.0 51.0 55.0 169.3 179.4 118 1410 
0.2 50.7 55.3 170.4 171.1 118 1410 
0.2 50.2 54.6 170.4 171.2 118 1400 
0.2 50.4 55.4 170.9 182.2 118 1400 
0.0 50.1 54.9 169.4 170.1 118 1420 
0.2 52.5 56.7 163.6 174.0 118 1420 
0.4 51.1 56.3 168.4 179.0 118 1420 
0.4 50.1 55.3 172.0 181.6 118 1420 
0.2 52.5 57.3 161.6 171.9 118 1420 
0.2 50.9 55.5 165.1 175.6 118 1420 
0.2 51.8 56.4 162.3 171.4 118 1420 
0.2 50.9 55.7 163.4 173.7 118 1420 
0.2 50.6 55.1 173.2 171.0 118 1420 
0.4 51.1 55.9 166.5 177.1 118 1420 
0.2 52.2 56.6 162.6 172.8 118 1410 
0.2 50.4 54.4 169.0 179.2 118 1400 
0.0 50.7 54.9 170.3 181.0 118 1400 
0.2 50.5 55.3 167.8 178.5 118 1400 
0.2 49.4 54.4 167.9 173.8 118 1400 
0.0 50.1 54.7 171.3 172.2 118 1400 
0.2 52.2 56.8 163.5 173.9 118 1400 
0.2 51.2 55.8 166.3 176.7 118 1410 
0.0 50.7 54.5 170.1 170.2 118 1420 
0.2 51.4 55.6 177.3 177.4 118 1420 
0.2 48.9 53.3 176.4 187.5 118 1420 
0.2 49.9 54.5 174.1 185.1 118 1450 
0.4 52.4 58.0 161.0 171.6 120 1460 
0.2 51.3 56.9 162.5 172.5 120 1450 
0.2 51.8 57.0 165.8 174.0 120 1450 
0.2 52.3 57.9 160.4 169.5 120 1450 
0.2 52.7 58.9 159.4 170.8 120 1450 
0.2 58.0 54.8 171.4 182.8 120 1420 
0.2 51.3 56.3 166.5 177.3 125 1440 
0.2 51.9 57.3 162.0 177.2 125 1440 
0.4 51.3 57.9 164.4 175.9 124 1400 
0.4 50.5 56.9 167.5 178.8 125 1450 

10 2440.4 2670.7 8019.0 8469.6 5721 = 68.150 
0.2 é .8 55.6 167.1 176.5 119.2 1420 

Proximate “% 

1.54 
34.67 
55.63 
(1.06) 
8.26 
100.00 

Ultimate % 
76.31 
4.97 
7.89 
1.51 
8.26 
1.06 

100. 

14,155 
2,426 


for his painstaking paper. The amount of work involved in the 
preparation of such a paper is not appreciated by those who 
never have gone through with the ordeal in the midst of many 
other demands upon his time. 

I do not think that any of the gas producers or manufacturers, 
if I may speak for them, would take exception to Mr. Windett’s 
data and conclusions. He brings out an important point about 
the heating value of producer gas. Ordinarily when an engineer 
is asked for a comparison of the value of various fuels, he as- 
sumes the value of producer gas is no greater than shown in the 
ordinary analysis, which usually amounts to about 80 per cent 
of the total heating value of the coal. This neglects both the 
sensible heat in the gas and the tar vapors. 

When bituminous coal is used, the heat in the tar vapors is ap- 
proximately equivalent to the sensible heat of the gas. Each 
represents from 5 to 10 per cent of the original value of the coal. 
If the gas is extra hot, the sensible heat is high and the value of 
the tar vapors is low, and vice versa. The sum of the sensible 
heat of the gas and the heat in the tar vapors usually amounts 
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to 15 per cent of the value of the coal. If this 15 per cent is added 
to the 80 per cent which represents the heating value of the gas if it 
were coal, the correct value of the gas will be about 95 per cent of 
the heat in the coal. This checks up fairly well with the known 
losses, which are as follows: 

Per cent 


Loss due to steam in air blast.............. 
Loss due to carbon in ash and to sensible heat in 


However, 95 per cent efficiency represents the maximum. 
Good practice averages around 92 per cent. But even if the loss 
and the cost of making producer gas were greater, it would still 
be possible to obtain a combined efficiency of both furnace and 
producer gas that would be better than any other fuel for many 
purposes, especially for large furnaces. 

Producer gas can be mixed with air more readily than any 
other fuel, for the amount of air required for combustion is 
more nearly the volume of the gas itself than is the case with any 
other fuel. Hence less excess air is required. 

Tar vapors in hot producer gas are extremely difficult to de- 
termine accurately, and the writer would ask Mr. Windett how 
he determined the amount stated. He cites a case where 12 gal. 
of tar vapors to the ton of coal were suspended in the gas as it 
left the producer, and states that after the gas had passed through 
the flues (presumably some distance) to the furnace there still 
remained 11'/, gal. This is apparently about right, although 
about twice that amount of tar is obtained in the modern low- 
temperature carbonization process if the temperatures are kept 
below 950 deg. fahr. 

Some time ago the largest dealers in tars in the country tried to 
get a large steel corporation to buy tar and mix it with the coal 
that they were feeding into their producers or to spray the tar 
upon the top of the fuel in the producer. It was claimed that 
the tar would be evaporated in the producers and pass out as tar 
vapor, and no doubt it did, and furthermore the furnace worked 
better, but the chemists of the company selling the tar were 
unable to prove the figures they had claimed. In fact, they could 
get no figures that they had any confidence in because it was so 
difficult to determine the tar in hot gases. 

For years producer gas was both poor and unreliable in quality 
and quantity, for there were no mechanical producers. Later 
we went through a period of mechanical troubles. But at last 


the gas producer has become as reliable as other machinery, in 
spite of the fact that the problems that had to be solved were ex- 
ceedingly difficult and involved. 


AuTHOR’s CLOSURE 


Whenever Mr. Chapman takes the floor, he always has some- 
thing interesting and valuable to say. As to the measuring of the 
tar fog in the producer gas, I was not present at the actual test, 
but the chief engineer of one of the large steel companies who 
made the test at my request said that the taking of the sample of 
the gas and the making of the analysis were performed by and 
with the assistance of their chief chemist and his assistants. 
They used all the methods possible for them to get a true and cor- 
rect sample of the tar and the gas and also to make accurate 
analyses in the laboratory. The samples were taken at the outlet 
of the producer and also at the reversing valve of the furnace. 
The producer gas was being used in open-hearth furnaces. 

The volume of tar per ton of coal was that reported by their 
chief chemist. He said that with the coal they are using he be- 
lieved that was about all the tar that was to be got out of it with 
that operation. It might have been different if they had put it 
through a by-product coke oven. I suppose the amount of tar 
really varies somewhat with the chemical composition and the 
approximate analysis of the coal. 

It is quite true that some coals and certain processes will give 
a yield of 16 gal. of tar more or less to the ton of coal. But this 
paper refers to producer practice in routine mill operation. 

In the cost of atomizing oils and so forth, the figure that I gave 
of 2'/, cents is an approximate one. It is an average given by a 
number of operating engineers in steel plants as being a fair charge 
for all charges against the oil in addition to the price of the oil 
itself. 

Mr. Chapman asked if that is including overhead. The engi- 
neers are not always perfectly definite on that point. They do 
not quite say that it is overhead; they think it is a reasonable, 
fair charge against the furnace operation. This is in part due to 
mill engineers not always being conversant with overhead burden 
charges. 

In regard to dropping the tar on to the fuel bed in a large sheet- 
steel plant (rolling automobile sheets), they are gasifying in a 10- 
ft. producer 50 tons of coke a day in ordinary routine operation, 
and are feeding in through the top plate of the producer an aver- 
age of about 60 gal. of oil per hour which is vaporized by the heat 
of the incandescent gas before it passes out of the furnace. This 
operation is a feature of standard mill operation at this plant. 
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Progress in Machine-Shop Practice 


Contributed by the Machine-Shop Practice Division 


Executive Committee: L. C. Morrow, Chairman, Carlos De Zafra, Secretary, J. H. Connolly, 
J. W. Hook, W. W. Tangeman, and W. J. Peets 


in machine-shop practice during the 18 months concluded 

by the year 1928. The overlapping into 1927 is intentional, 
since the report each year must be written three months prior 
to the end of the year, and because there is no definite line of 
separation between the progress of one year and that of either 
the next or the preceding year. 

In last year’s report it was predicted that during 1928 there 
would be further use of hydraulic feeds and drives, anti-friction 
bearings, heat-treated alloy steels, pressed-steel and welded 
parts, automatic lubrication, safety devices, and automatic 
operation. It is not particularly to the author’s credit that in 
every respect this prediction has come true. The ideal in ma- 
chine-shop practice, which in its broader sense includes the 
design of metal products, as well as the operation and manage- 
ment of the machine shop, sets up as a goal the production of 
improved products at reduced production cost; procedure along 
the lines indicated was therefore to be expected. 

Also, as predicted, progress has been made in the development 
of standards, notably for Woodruff keys, machine tapers, gear 
nomenclature, and other gear standards. Details of progress in 
standardization will be given later in the report. There still is 
much to do in the way of standardizing nomenclature, initial 
machine speeds, machine-tool capacity and performance, belt 
pull, and so on. 

Radical improvement in cutting tools was foretold, although 
the time of the appearance of such developments was left in- 
definite. It is gratifying, therefore, to be able to report that 
there have been placed on the market new steels, and such alloys 
as Carboloy and Widia are claimed to be capable of removing 
much more metal than is customary during a unit of time; there 
are also cobalt-steel drillsfcr ‘irilling manganese steel, and improved 
high-speed steels. There is evidence in the introduction of these 
new metals or alloys that within a few years our present-day 
metal-working machines may be entirely obsolete so far as their 
capacity, relative to the capacity of cutting tools, is concerned. 
This situation indicates that the production policy from now on 
should be one of extracting from equipment of present design all 
of the production of which it is capable. There should be no 
pampering, no policy of conservatism, so far as the ultimate life 
of the machines is concerned. 

No policy of neglect or lack of maintenance is advocated, 
however, since upon the condition of the working equipment 
depends the quality of output. 

While there have been some outstanding developments since 
the last report of the Division, the period asa whole has been one 
of refinement of the features of advanced design initiated during 
the preceding period. According to one contributor to the data 
from which the report is compiled, there has been a “marked 
tendency toward the concentration (by manufacturers) on those 
types of machine tools that are of more or less standard con- 
struction, but are adaptable by the use of attachments and 
special tooling to the highly specialized requirements of continu- 
ous production. It would seem for the time being that American 
manufacturing progress has definitely settled on this type of 
production machine, rather than on the completely special ma- 
chine on the one hand or the standard machine with simple tool- 


* IS the object of this report to summarize the progress made 


ing and multiplicity of simple operations on the other.’’ This con- 
clusion appears to be well founded and admirably expressed. 

Another contributor, looking at the economic rather than the 
operation side of the progress in machine-shop practice, says: 
“I believe these [the most significant developments] are pri- 
marily the return to quantity production in the Ford plant and 
some of the methods employed in that production.” The Ford 
return to quantity production was without question of great 
importance. 

Several makers of automobiles and many makers of parts 
were marking time until they knew what Ford would do. Tool 
makers were in the same condition. This period of stagnation 
was changed into one of activity once Ford had exhibited his new 
product. 

Still considering the economic side of progress, and referring 
to the more or less exaggerated statements concerning unem- 
ployment, the same contributor states that “this subject of 
unemployment developed a sort of research which uncovered 
new economic factors in the refining of industrial methods and 
equipment. It rather points out in some cases that the progress 
in machinery is faster than the change-over in worker intelligence, 
for at times the adoption of newer methods must be slowed up 
to accommodate the transition of workers employed, either by 
absorption in other processes or by accustoming them to the 
demand made on their intelligence by the newer method.” 
This statement is an attempt to analyze one phase of the mechan- 
ization of industry. 

Somewhat by way of prediction is another contributed state- 
ment: “A point that is in evidence is the development of primary 
functions and their use, and the combination of these in con- 
forming to any given process required in production. There is 
a tendency to make primary motion and integral parts of the 
machine more nearly conform to the requirements of production 
in their mechanical limits and in the number of functions that 
are combined. Standardization in such units is of course con- 
ducive to economy of manufacture and simplicity of repair, and 
makes the completed piece of equipment more exactly fitted to 
the exact requirements of the job; that is, we shall not have in 
future equipment so much compromise, having at some times too 
much machine for the job and at other times too much job for 
the machine.” This line of reasoning, although expressed by 
a single contributor, may be expected to represent the thought of 
at least a minority of the machine-tool-building industries, and 
indicates a fair consideration of the machine-tool user’s needs. 


Drrecrion oF Proaress AS MEASURED IN TERMS OF MACHINE- 
Toot DEVELOPMENT AND IMPROVEMENT IN PROCESSES 


Passing to the less general, the direction of progress, as mea- 
sured in terms of machine-tool development and the improvement 
of processes, is indicated by: 

1 Increased rigidity and further ease in and rapidity of 
manipulation 
2 Increased use of welding, including multiple-spot weld- 
ing 
3 Further application of hydraulic feeds and drives 
4 Greater use of alloy-steel gears and shafts 
5 Extended application of anti-friction bearings 
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6 Greater attention to lubrication, directed especially toward 
making it automatic 

7 Developments in honing equipment 

8 Developments in forging methods and equipment 

9 More extensive motorization, including the use of separate 
motors for auxiliary purposes 

10 Increased use of diamond boring 

11 Development in processes of finishing the teeth of gears, 
including the burnishing and shaving methods 

12 Improvements in balancing equipment 

13 Wider adoption of multiple V-belt and multiple-chain 
drives 

14 Increased use of the coining operation to secure closer 
finish 

15 Wider application of grinding. 

To expand upon some of these items: 

Welding is being applied on an increasing scale to structural 
steel for the replacement of castings and forgings. The advan- 
tages claimed for welded construction are that it saves the making 
of patterns, in many cases eliminates machine operations, and 
in others reduces the amount of stock to be removed; further- 
more, that it reduces the time required to build a product, as well 
as the weight of the product. 

In the realm of forging, there has been introduced the “‘internal 
displacement method,’’ by which straight-carbon and alloy 
steels can be forged by the process of progressive deep piercing. 
After upsetting, progressive dies force the stock into the finished 
shape. The blank is progressively sheared so that the resulting 
end will be square. As the process progresses, a piercer is sup- 
ported in the impression made by the previous one. 

The multiple V-belt drive, according to a manufacturer who 
uses many machine tools, now permits the use of his equipment 
up to the limit of cutting of which the tool steels are capable. 
This type of drive has been adopted on several makes of machines, 
including among them centerless grinders and polishing heads, 
both belonging to the high-speed group, on which a minimum of 
slippage can be allowed. 

Among the outstanding specific developments, including 
processes and equipment, are the following: 


16 Brazing in an atmosphere of hydrogen, and the furnaces 
to accomplish this process 

17 Small sizes of jig borers 

18 Automatic plating, using integral conveyors 

19 Application of conveyor assembly methods to general 
manufacture 

20 The gear-shaving machine 

21 A hardness-testing machine by which balls in great 
number are dropped on the surface to be tested, the 
amount of marring that results being in inverse ratio 
to the hardness 

22 A milling machine with hydraulic table travel 

23 A process of magnetically controlled carbon-arc welding 

24 Steel tools for cutting manganese 

25 Developments in the nitriding of steel 

26 An improved generator, for producing continuous- 
toothed herringbone single-helical and straight-toothed 


gears 

27 Application of the unit milling head to the planer-type 
milling machine, employing two motors, one for the 
spindle and one for traversing the head and the spindle 
quill 

28 A die-casting machine of automatic operation, the only 
functions of the operator being to manipulate the single 
clutch lever, supply new metal, clear and oil the die with 
an air hose, and watch the castings 


29 An automatic internal grinder in which the wheel starts 
grinding from the rear of the work 

30 A hydraulic crankpin grinder which finishes all crankpins 
of automobile crankshafts in one set-up of the work. 


Some of the items enumerated deserve further definition: 

Brazing with copper, to secure a perfect alloy weld between 
surfaces that could be united only with difficulty by any other 
method, has become a commercial process due to the perfecting 
of a design of electric furnace in which an atmosphere of hydrogen 
can be maintained at will. The presence of hydrogen cleans the 
metals to be brazed, obviates the necessity of flux, and insures 
the flow of copper into the joints of the pieces to be united. 

Plating has been given impetus due to the universal popularity 
of chromium as an exterior finish and to cadmium as a protective 
coating, resulting in the development of semi-automatic and 
full-automatic plating equipment, including that involving the 
use of integral conveyors. 

In the process of magnetically controlled carbon-are welding, 
by superimposing a strong magnetic field on the are flame in the 
welding head, a control of the arc is established. The arc is given 
a gyratory motion of high velocity by rotating the carbon me- 
chanically. A flux that forms carbon monoxide gas is mechani- 
cally fed into the crater to prevent oxidation. 

Grinding continues to develop rapidly. The centerless type 
of machine is now being used on applications formerly considered 
entirely out of its field. Use of the center type is being extended. 
The grinding of castings is being carried out on a scale larger 
than ever. Grinding as a process is finding its way into the 
railway repair shop; it has met with wide reception in some shops, 
while in others it has been received not at all or reluctantly. 

In the realm of heat-treating and metal forming, high-carbon, 
high-chromium die steels have met with great success in some 
quarters. The heat-treating of steel for pressed-steel parts has 
been selected as an outstanding development by a contributor 
representing a manufacturer of pressed-steel parts in large 
quantities. He says, “I think that the greatest advance likely to 
be found in the field of pressed steel is that of preliminary heat- 
treating of the steel itself in such a way that it is caused to be 
self-supporting through a great many operations where it was 
formerly thought necessary to entirely confine it between the 
surfaces of the dies.” 

The finishing of machinery is undergoing some change. Lac- 
quer finishes are being applied in some instances. Color is being 
gradually adopted and widely considered. There is some specu- 
lation as to whether or not it is advisable for color standards to 
be adopted by the manufacturers of classes of machines. Cer- 
tainly more thought is being given to the finish of machines, and 
labor-saving handling equipment is being introduced into the 
finishing operations. 

Perhaps the influence of developments in other fields affecting 
machine-shop practice is best analyzed in the following quotation 
from one of the contributors to the data for this report: ‘The 
principal development in other fields of manufacture that have 
affected our own field relates to the increasing concentration of 
continuous production into fewer and stronger hands, and the 
insistent call for improved machinery created by this intensive 
competition.” 

Another contributor mentions the recognition of obsolescence 
upon the part of equipment users as an important development, 
which of course it is. That this matter of obsolescence is con- 
sidered important in other fields is indicated by the action of the 
Department of Commerce in reaching the determination to 
undertake a study of industrial equipment to determine, among 
other findings, the amount of obsolete equipment and its impor- 
tance as a factor in the inability of firms manufacturing similar 
products to compete on an equally profitable basis. 
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RESEARCH 


Research has held a position of importance in machine-shop 
practice. The machinery industries are conducting a consider- 
able amount of practical research upon problems with which they 
are immediately concerned, the stimulus being competition 
which calls for quicker methods of production or the substitution 
of cheaper materials on the one hand, and possibly more expensive 
materials with a smaller machining cost on the other. 

It seems that much of the research by individual units of 
industry is undertaken merely to meet immediate conditions, and 
having satisfied those conditions, the results are lost to the 
industry as a whole. There is also evidence indicating that the 
engineering profession as a whole has yet to be educated to the 
fullest use of research libraries. 

A.S.M.E. special research committees in the field of machine- 
shop practice have been active during the past year. The 
program of the Committee on the Cutting of Metals now includes: 

a The collection and correlation of existing data on the 
cutting of metals, both in this country and abroad. 

b An attempt by its Sub-Committee on Cutting Fluids to 
attempt the establishment of practical relations between physical 
and chemical characteristics of cutting fluids and their perform- 
ance. 

c The establishment of a test code for tool steels. 

d Experimental investigation on the machinability of metals. 
(Engineering Foundation has granted $500 to this sub-committee 
for preliminary expenses in connection with the development of 
its program.) 

To the Special Research Committee on Lubrication, Engineer- 
ing Foundation has made a grant of $500 for the calendar year 
1928 to aid in the development of its program to the point where 
it can call on industry for support. The proposed program in- 
cludes a study of oiliness phenomena, the relation between design 
and bearing performance, and further experiments on the viscosity 
of lubricants at high pressure. The various phases of this investi- 
gational program are being carried on in the laboratories of the 
Westinghouse Electric and Manufacturing Company, the Bureau 
of Standards, and the Pennsylvania State College. The com- 
mittee is now engaged in raising funds for the support of its 
program. At the 1928 Annual Meeting reports on the experi- 
mental work for that year were presented, on the effect of 
variations in the length-diameter ratios and clearance-diameter 
ratios on journal-bearing friction; also there was a paper on 
journal running positions. 

About a year ago the Special Research Committee on Me- 
chanical Springs employed a research associate at Union College, 
Schenectady, N. Y., on experimental work leading to the develop- 
ment of a reliable code of design for mechanical springs. A 
report of his work is being given at the Spring Session during the 
current Annual Meeting. As a result of personal calls on se- 
lected concerns made by various members of the committee, a 
complete picture of the research needs of industry in relation to 
mechanical springs has been made available. The Bell Telephone 
Laboratories, the U. S. Naval Experimental Station at Annapolis, 
Md., and some commercial laboratories are cooperating in carry- 
ing on certain experimental phases of the committee’s research 
program. A bibliography of 600 references on the subject has 
been published for the Committee by the A.S.M.E. Funds 
collected to date amount to $5928.87. 

Prof. Earle Buckingham, who has been directing the experi- 
mental program of the Special Research Committee on the 
Strength of Gear Teeth at the Massachusetts Institute of Tech- 
nology, has recently completed an extensive mathematical 
analysis of a series of tests on gears previously conducted on the 
Lewis gear-testing machine. This study has been reproduced in 
& series of 12 progress reports which have appeared regularly 


during the past year in Mechanical Engineering. The com- 
mittee is now about to carry on a series of experimental 
tests on the Lewis gear-testing machine to check the accuracy 
of the analysis. Entirely new conceptions of gear-tooth action 
are foreshadowed as the result of this committee’s work. 

The activities of the Special Research Committee on Worm 
Gears have consisted chiefly in the collection from industry by 
various members of the committee of existing test data on worm 
drives and their action under various conditions. Professor 
Buckingham has applied his method of worm-wheel-contact 
analysis to these data and has developed a very extensive report 
on his findings, which will be published later in Mechanical 
Engineering. 

Research to determine the design of shaper tools for greatest 
efficiency has been carried on at the University of Michigan. 
Results of some of these tests have been published (American 
Machinist). 

Just a year ago the Machine Shop Practice Division organized 
a committee to determine projects for research. By members of 
this committee alone 62 projects have been suggested. For the 
most part these suggestions are worth serious consideration, 
irrespective of whether they are subjects to be undertaken by 
ourselves or by other societies or research organizations. The 
suggestions have been analyzed by the committee; some have 
been referred to other societies, and some have been considered 
as desirable for commercial investigation alone. Several have 
been recommended to the Division as worthy of immediate action 
and such recommendations have been indorsed by the Division in 
transmitting the report to the Main Research Committee. 


STANDARDIZATION 


In addition to the standardization activities previously men- 
tioned, the following codes and standards affecting machine-shop 
practice have been approved within the past year by the Ameri- 
can Engineering Standards Committee: 

a The Code for the Design of Transmission Shafting. This 
code includes rational formulas and diagrams for computing 
shaft diameters for all conditions of loading. It was approved in 
November, 1927. 

b The tentative American Standards for Small Rivets and for 
Tinners’, Coopers’, and Belt Rivets were developed under the 
scope of the Sectional Committee on Bolt, Nut, and Rivet Pro- 
portions. These standards include material specifications and 
methods for testing. 


c The American Standard Mathematical Symbols, which ° 


were approved by the A.E.S.C. in January, 1928, will do much 
toward the unifying of technical literature. It is one of a series 
of standard symbols being developed by the Sectional Committee 
on Scientific and Engineering Symbols and Abbreviations. 

d The proposed American Standard on Tool-Holder Shanks 
and Tool-Post Openings has been approved by the Sectional 
Committee and is now being submitted to the sponsors for 
approval. 

e The Safety Code for Forging and Hot Metal Stamping, which 
was sponsored by the American Drop Forge Institute and the 
National Safety Council. This code covers: “Drop forging and 
other hammer forging; including all hazards peculiar to the 
forging industry and associated with such machines, and whether 
or not they occur at the point of operation, but not including cold 
extrusion of non-ferrous metals, or hydraulic presses, except 
some small types of the latter; inclusion of hot pressing and bull- 
dozing, and of other forging machines, such as bolt-heading and 
rivet-making machines.” 

J The Safety Code for Power-Transmission Apparatus has 
been revised and approved as an American Standard in 1927. 
The code covers: “Safeguarding of moving parts of equipment 
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used in the mechanical transmission of power, including prime 
movers, intermediate equipment, and drive machines, excluding 
point of operation. This includes connecting rods, cranks, fly- 
wheels, shafting, spindles, pulleys, belts (except flat belts 1 in. 
or less in width or round belts '/2 in. or less in diameter), link 
belts, chains, ropes and rope drives, gears, sprockets, friction 
drives, cams, couplings, clutches, counterweights, and other 
revolving or reciprocating parts, up to but not including the 
point of operation.” 

Although the number of standards approved by the American 
Engineering Standards Committee during this period is not 
large, a group of projects has been undertaken recently which, 
when completed, will have a marked effect upon machine-shop 
practice. As one instance, the Sectional Committee on the 
Standardization of Small Tools and Machine-Tool Elements has 
undertaken the standardization of seven additional projects, 
beside stimulating the activity of its Sub-Committees on Tool- 
Holder Shanks and Tool-Post Openings and Machine Tapers. 

It is gratifying to know that there is a constantly increasing 
favorable attitude toward standardization upon the part of 
manufacturers, and that the manufacturers are cooperating more 
than ever to bring about much-needed results. 


OvuTLOOK For 1929 


By a group of meu who represent a cross-section of the machin- 
ery industries, development along the following lines is expected 
during the coming year: 

More universal use of nickel and semi-steel in iron castings 

Improvement of die-casting material and increased use of 
die castings 

Replacement of scraping by grinding as the predominant oper- 
ation in finishing sliding surfaces 

Development of cutting tools of greater capacity 

Standards for the noses of lathe spindles 

Wide adoption of integral-motor drive 

Application of small conveyor and materials-handling instal- 
lations 

Still further general application of grinding 

Use of higher-grade materials 

Improved lubrication methods 

More attention to rustproofing 

Further application of anti-friction bearings 

More hydraulic applications 

Extended application of flanged motors 

The use of larger chip pans on production machines 

Production layout around materials-handling system 

Solution of the problem of a standard taper for machine spindles 
and the shanks of small tools 


More definite recognition of the economic drawback accom- 
panying the use of obsolete equipment 

Wider use of welding 

More extensive replacement of castings and forgings by 
welded steel 

Substitution of automatic machinery for hand labor 

Reduction of stock on castings allowed for machining 

Extension of piece work 

More efficient training of apprentices. 

Changes in the design of machine tools to be made necessary 
by expected changes in manufacturing methods that will be 
required on account of predicted changes in automobile design; 
the object of the changes in automobile design will be to bring 
about cheaper methods of manufacture 

Adoption of uniform cost-accounting methods by groups 
within the metal-working industry 

Greater recognition of the value of research. (According to 
a survey by the Division of Engineering and Industrial Research 
of the National Research Council, 187 ‘‘millionaire’” manufactur- 
ing companies in the metal-working industries have an average 
yearly expenditure for research of $68,300.) 


We may confidently look forward to much that will be new 
during the year 1929 on account of the stimulus that will be 
provided by the Second National Machine Tool Builders’ Ex- 
position, to be held in Cleveland in September. The advent of 
1929 finds machine-tool builders as a whole in very good position. 
They have enjoyed a year of business that has not been surpassed 
since 1920, and it may be expected that they will make every 
effort, by way of design, to continue existing prosperity. More- 
over, for some of them, foreign trade has been exceedingly good, 
and on that account makes its appeal for continued effort. 

Activities of the Executive Committee of the Machine Shop 
Practice Division during the year 1928 have consisted of taking 
part in the Spring, Annual, and Boston meetings; conducting 
the Second National Meeting of the Division at Cincinnati; car- 
rying on with the committee the activities of the special com- 
mittee to determine projects for research; compiling the progress 
report; and issuing to the members of the Division a question- 
naire, from the returns of which it is hoped may be made an 
analysis of the status of the mechanical engineer in the machinery 
industries as to position and salary. The effort required and the 
energy expended in these activities have been considerable, but 
the members of the Executive Committee feel well repaid by the 
appreciation of many members of the Division as expressed to 
them and to executives of the Society. 


L. C. Morrow, Chairman. 
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The Development of Automatic Measuring 
Devices and the Use of Optical Methods 


By EARLE BUCKINGHAM,' CAMBRIDGE, MASS. 


NY attempt to cover the topic in detail in the limited 

space available would reduce it to a very incomplete 

list of devices now on the market. The author will there- 
fore consider primarily the purposes of such instruments, classify 
them in a general way, and let the exhibits at the Museums of 
the Peaceful Arts speak for themselves. 

Measurement is a vital production process that controls the 
accuracy or quality, as regards physical dimensions, of the prod- 
uct. The accuracy to which we can work depends upon the 
accuracy to which we measure. We cannot correct errors until 
we can identify and measure them. Thus the primary purpose, 
in production, of measurement is to prevent mistakes. 

As the quantity of production increases or as the degree of 
accuracy required becomes more exacting, it is necessary, both 
in the process of removing metal and that of measuring the 
amount removed, to provide more elaborate and complete equip- 
ment to perform both types of operations. Furthermore, as 
the rate of production increases, the degree of accuracy required 
often increases also. With very high rates of production, mis- 
takes are very costly because of the large amount of scrap piled 
up in a very short time. Therefore the specifications for the 
product must be more precise and safe, which usually entails 
smaller tolerances on the physical dimensions. Under these 
conditions the influence of the personal equation of the operators 
on the sizes of the product must be reduced as much as possible. 

Yet we cannot afford to lose all of those factors included as 
part of the personal equation or the quality of the product will 
suffer. We must retain the skill and technique as well as pride 
of good workmanship, all of which are included in the term called 
“craftsmanship,”’ formerly built into the product by the crafts- 
men who made it piece by piece, or else face eventual failure. 
Some of this skill and technique can be built into the productive 
equipment, but not all. Some of it must still be supplied by 
the operators of the equipment, the term “operators” including 
the actual machine operators, their supervisors, and the inspec- 
tors of the product. 

The measuring operations required to insure a correct product 
may be divided into three classes: first, the preliminary measure- 
ments of the productive equipment; second, the inspection of 
the set-up of this equipment, which is usually accomplished by 
the careful measurement of the first piece produced; third, any 
check measurements which may be required to insure that the 
set-up and tools retain their accuracy, as well as to sort out any 
faulty parts. The first two classes of measurements are the 
most important as they act to prevent the production of scrap. 
The ideal production and inspection system would be to have 
tools and machines of such proved reliability that their measure- 
ment alone would insure a correct product. 

Measurements of the first class are usually made with standard 
hand measuring instruments. Those of the second class are 
made with standard or special hand measuring instruments or 
their equivalent optical ones, depending upon the nature of the 
measurements to be made. Those of the third class may re- 
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quire the use of all types of measuring instruments, depending 
upon the characteristics of the product as well as the rate of pro- 
duction involved. As the rate of production increases, the need 
of automatic measuring equipment becomes greater. 

An automatic measuring instrument may be defined as one 
whose correct operation does not depend upon the personal 
“feel” of the operator. Such instruments may be roughly di- 
vided into three general classes: first, those which may be used 
as a direct substitute for hand measuring instruments, such as 
dial indicators, optical comparators, and tool-makers’ micro- 
scopes of various types; second, special and standard measur- 
ing devices built into special fixtures and machines for the pur- 
pose of measuring a specific product; third, sizing devices built 
into the productive equipment to control the feed or operation 
of the machine. 

The author shall attempt no more than to mention the first 
type of automatic measuring devices, because many examples 
of these are now on exhibition and also because representatives 
of the manufacturers of these instruments can discuss them better 
and also demonstrate their operation at the exhibition. 

The automatic measuring devices in the second class are usually 
built to measure a specific product and include a variety as great 
as the variety of product they measure. One type consists of 
a tapered slot along which balls are rolled so as to sort these 
balls according to size and so that each ball bearing will contain 
balls of equal diameter. This proves to be an effective and 
simple device. 

Another device of this type consists of a frame which carries 
a master camshaft for an automobile engine, together with a 
driving head and tailstock for another camshaft to be tested. 
In operation both camshafts are revolved slowly at the same 
speed. A movable carriage carries two plungers, one resting 
on the master camshaft and the other on the corresponding 
cam of the second camshaft. A dial indicator is carried on the 
first plunger, which operates against the top of the second plun- 
ger. If the cams are alike, no movement of the hand of the dial 
indicator takes place. Any differences which may exist are 
made evident by a flicker of the hand of the dial indicator. The 
carriage is moved along from cam to cam until all have been 
tested. 

Dial indicators are very widely used in a variety of special 
fixtures to measure one or more surfaces at a time. In some 
watch factories such dial-indicator fixtures compose the largest 
part of the shop inspection equipment. Simple fixtures, more 
or less universal in their application, are made, often consisting 
of suitable baseplates to which dial indicators and anvils or 
stops can be readily attached to measure one or more surfaces 
simultaneously. These can be set up in a few minutes to suit 
a wide variety of measurements. One large manufacturing 
plant which produces a wide variety of gears uses such devices 
very extensively in the measurement of all gear blanks. 

At times, electrical contacts arranged to light small lamps 
are used in a manner similar to these dial indicators. Such a 
device is used at the Hawthorne plant of the Western Electric 
Company to measure the location of ten slots at a time in a slotted 
strip of brass. (See MrcuanicaL ENGINEERING, December, 
1926). Other fixtures, made on these same general principles, 
are used to measure parts for pipe unions, each fixture measur- 


q 
i @ 
a 
f 
<4 
ra 
5 


6 TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


ing all important surfaces of each part simultaneously. These 
fixtures make it possible to give 100 per cent inspection to the 
product at a relatively small cost. 

Complete special automatic machines are built, when the 
volume of production justifies the expense, which usually feed 
the parts automatically into the machine from a hopper and eject 
defective parts into suitable containers as these parts pass by 
the various inspection stations on the machine. Here an electric 
contact is used usually in connection with solenoid or magnetic 
ejectors. One example of this type of inspection machine is 
that used to inspect shells for cartridges. Here the shells are 
fed automatically to a dial which intermittently indexes to sev- 
eral inspection stations. Plungers or swinging gates are pro- 
vided with electrical contacts so arranged that if the particular 
dimension is either too large or too small the shell is ejected 
and only the acceptable product remains on the dial to be ejected 
at the final station. 

Another machine of this general type is used at the Hawthrone 
plant to measure the length of the tubular fuses. This machine, 
together with several other similar ones, has been described by 
Mr. Hall in the December, 1926, issue of MrecuanicaL ENGI- 
NEERING. 

As already stated, measurement or inspection is a vital pro- 
duction process. As such, the equipment for performing it 
should receive as much attention as that for any of the other 
production operations. Where the rate of production is high, 
special automatic inspection machines deserve serious considera- 
tion. It should be pointed out that in many ways the con- 
struction of these special machines is not as expensive and haz- 
ardous as the construction of special metal-working machines. 
The stresses are slight, the contacts are adjusted to simple mas- 
ter blocks or gages, and the mechanical movements are simple, 
so that the ‘‘tuning-up”’ process on such machines is easy when 
compared with that of the more complex metal-working special 
automatic machines. 

The third class of automatic measuring devices include those 
which are built into the metal-working machines themselves 
and which may be applied either to stop the machine when de- 
fective work is produced or act to position the cutting tool so 
as to maintain a uniform product. 

Automatic machines for assembling the brass head to paper 


shot shells have at one station a punch and die to pierce a vent 
for the primer. A glass-hard needle with a small arm resting 
lightly against it is provided at the next station. Then if the 
punch becomes broken, this brittle needle is shattered when 
it comes down upon the unpunched brass head and the arm 
swings by, causing a latch to project from the ram of the press 
which trips a clutch and stops the machine. The machine can- 
not be started again until the swinging arm is held back again 
by a new needle, while to keep this needle unbroken, a new punch 
must also be installed. 

Another device of this type is used to keep the wheel of a gear- 
grinding machine in a predetermined position. At the upper 
edge of the grinding wheel is mounted a pivoted arm carrying 
a diamond with a flat polished face. About every six seconds 
this arm is allowed to swing until the flat face of the diamond 
touches the face of the grinding wheel. If this face has worn, 
the arm swings beyond its zero position and makes an electrical 
contact, which causes an electromagnet to act on an arm carry- 
ing a feed pawl, thus feeding one notch on a ratchet wheel at- 
tached to a differential screw. This screw feeds the grinding 
wheel into the work, and the ratchet must be moved about 
twenty notches to move the wheel one-thousandth of an inch. 
If the wheel has not worn, no contact is made and the wheel 
remains in the same position. 

Cylindrical grinders have been provided with somewhat similar 
devices contacting with the work in the machine, so that when 
a predetermined size has been reached the feed of the wheel is 
giscontinued and then the machine is stopped after a prede- 
_ see number of passes has been made with the feed dis- 
continued. 

This third class of measuring devices is a direct step toward 
the ideal production and inspection process; that is a process 
such that faulty work is not produced. This object is prac- 
tically attained on sub-press dies and with some of the smaller 
die-casting machines. Here the careful measurement of the 
first piece produced is all of the actual measurement required. 
When any faults develop from wear or use of the equipment, 
it is readily apparent to the eye. It is within the realm of possi- 
bility that the use of a microscope on the surface of turned parts 
would make it possible to include many automatic screw ma- 
chines in this same class. 
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Helical Gears 


By THOMAS P. COLBERT,! MADISON, WIS. 


Designers seem to avoid helical and worm gears as being unsuitable 
and too expensive. A reliable method of selecting gears for a given 
purpose would result in more frequent applications. The author 
gives charts and formulas designed to make the computing of spiral 
gears less difficult. 


ELICAL gears, sometimes known as spiral gears, and 
H particularly the special type known as worm gears, have 

been avoided by designers where possible, as being in- 
efficcent and often too expensive. In late vears their use has 
increased, presenting some notable examples of efficiency in 
practice. No doubt there would be many more applications if 
designers could be given a rapid and reliable method of selecting 
the gears for a given purpose. A special machine, for instance, 
may have use for a pair of gears, but the stock sizes do not adapt 
themselves, and special gears from standard cutters call for a 
laborious computation. The work of computing spiral gears 
should be little more difficult than the selection of a pair of spur 
gears. 

The data with which the design of a pair of spirals begins are 
usually limited to the center distance and the speed ratio. The 
gears which are selected must fulfill these conditions and also 
must be sized for strength and standard cutters. The angle of 
helix is important only when economy of operation is a factor. 

The chart (Fig. 1) is believed to be an improvement on previous 
data for selecting spirals and pitch sizes for helical gears. The 
formula from which the chart is derived differs little from that 
given in the handbooks on machine design, except in the defini- 
tion of the “angle of helix.” For the purpose of charting this 
curve the angle of helix is expressed for both gears in terms of 
the angle on the driver gear; this angle is made to appear as the 
angle of a wedge by defining it as the angle between the tooth 
and the direction of motion of the pitch circle, as shown thus: 


| 
/) 


where 
c = center distance in inches 
p = diametral pitch of gear cutter 
C’, C’’ = linear spacing of teeth on pitch circumference, 
inches 
D', = pitch diameters, inches 
a = angle between tooth and direction of motion of 
pitch circle of driver 
R = ratio of r.p.m. of driver to driven 
N’, = number of teeth. 


DERIVATION 


The formula is derived from the relation of center distance to 
gear diameters 


= 1/(D! + (1] 


’ Burgess Battery Co. Assoc-Mem. A.S.M.E. 


The gear diameters are obtained from the linear spacing of 
teeth around the pitch circle 

N’'C’ RN’‘C’ 

= and =—— 


The linear spacing is derived from the helix angle and the 
cutter size 


Cc’ = — and C” = —.............[3] 
The formula can then be written as 
N'r/ RN'x/p 
c= J 2 ( + 
7 SIN @ COS 


which simplifies to 


2pe 1 R 


N sin @ COs a 


which can be applied to any helical or worm gears with shafts 
at right angles. 
CURVES 

In solving the foregoing equation containing five unknown 
quantities, it may reasonably be assumed that two will be known. 
A graphical analysis reduces the computations. 

Let 

1 R 


sin @ COs @ 


y= 


which can be plotted on rectangular coordinates by assigning 
values to R such as 1, 2, 3, 4, 5, 6, 7, 8. 
Then also let 


2pe 
AY , 


which has four variables, but of the first degree; hence the curve 
will be a straight diagonal through OO. A table of values must 
be figured so as to plot points on the ordinate representing the 
given center distance, say 5 in. The slope of the diagonal will 
be 2p/N’. A number of diagonal lines should be drawn to cover 
a wide range of sizes and number of teeth likely to be met with 
in practice. 

The two equations given for y are seemingly independent and 
will give several solutions to a given set of conditions so long as 
the equation balances or checks out. The chart should reduce 
the number of computations to one, which is made after selecting 
suitable sizes from the chart. 


APPLICATION 


Case I (Fixed Centers). The distance between centers is 
given. The ratio of speeds is given. The helix angle must 
needs be adjusted. 

Case II (Fixed Helix Angles). The helix angle is to be held 
at a given value. The ratio of speeds is given. The centers 
will have to be adjusted. 

Case III (Fixed Size of Cutier). The size of teeth is to be 
held at a given value. The ratio is given. The center distance 
is given. The helix angle and the number of teeth will have to 
be adjusted. 
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Helix Angle (Oriver) 


Fic. 1 CHART FOR SELECTING SprraLs AND PitcH Sizes ror Gears 
Read 6 d.p. cutter and 5 teeth, 16 deg. angle, or 8 d.p. and 7 teeth, 20 deg. angle. 


(Examples: Given center distance at 5 in., ratio at 8 to 1. 


: 
Wey 


MACHINE-SHOP PRACTICE 


EXAMPLES 


Case I. Given center distance at 5 in., ratio at 8 to 1. (a) 
Read 5 in. centers at top of chart. (6) Follow down vertically 


5" 
ott 
1%. 
8:1 
1 
! 
16° 40° 
Case I 


to diagonal reading, 5 teeth, 6 pitch. (c) Trace horizontally 
to curve of Sto Lratio. (d) Read the intersection on the bottom 


4.75" 5.3” 
A eh, 
8:/ 


45°? 
Case II 


scale as the helix angle. Of the two intersections obtained, the 
i6-deg. angle would be the better choice since the larger angle 
gives a very small diameter driver. 
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Case IT. Given helix angle at 45 deg., ratio at 8 to 1. (a) 
Read 45 deg. at bottom of chart. (6) Follow up vertically to 
8 to 1 ratio curve. (c) Trace horizontally to the diagonal near- 
est a possible center distance, say, 3 teeth, 4 pitch, or 5 teeth, 
6 pitch. (d) Read the intersection on the scale at the top as 
the center distance. 

Case IIT. Given diametral pitch at 8, ratio at 8 to 1, to center 
distance of 5 in. (a) Read 5 in. centers at top. (b) Follow 
down vertically to any diagonal reading 8 diametral pitch, say, 


5 Teeth 8 aoe 


| 
| 
a@ 
i 
20° 323° 

Case III 


7 teeth, 8 pitch. (c) Trace horizontally to the curve of 8 to 1 
ratio. (d) Read the intersection on the lower scale as the helix 
angle. Two helix angles will usually be found to answer the re- 
quirements. The choice of angle will depend on other factors, 
such as shaft size or gearing efficiency. 


CONCLUSIONS 


The complete solution of any one problem involves at least 
one computation. The values selected from the chart may be 
substituted in Equation [4] to solve for the exact helix angle or 
the center distance, according to which is desired accurately. 
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Development of Measuring Devices, 
Primarily Manual 


By JAMES A. HALL,' PROVIDENCE, R. I. 


and began the barter or exchange of goods, there arose 

the need for units and methods of measurement. Eight 
hundred years ago these wants may have been satisfactorily 
met by the pronouncement of King David that the Scot’s inch 
was the average length of the thumbs of three men, “a mekill 
man and a man of measurabil statur and of a lytell man,” or by 
the old definition that “three barley-corns make an inch.”’ The 
development of even the crudest forms of manufacturing made 
such methods and standards inadequate, and now the require- 
ments of mass production have brought into common use an 
exactness of measurement almost undreamed of fifty years ago. 
Although refinements have been made in many lines, this paper 
is limited to developments in the field of shop practice. 


. S MANKIND emerged from his most primitive condition 


LINEAR MEASUREMENT 


The measuring tools of the average mechanic seventy-five or a 
hundred years ago were inside and outside calipers, dividers, and 
a boxwood scale. In this he was little, if any, ahead of his Roman 
predecessors, 1800 years before, as indicated by tools recovered 
from the ruins of Pompeii. One of the first advances in this 
country, the common use of accurately graduated steel scales, 
dates back to about the middle of the last century and can be at- 
tributed to the work of J. R. Brown and Samuel Darling, who 
independently developed dividing engines and started the manu- 
facture of such rules. 

Even with such crude tools fits of remarkable accuracy were 
produced, and there is more than a grain of truth in the remark of 
a member of this Society, when listening to a discussion of meas- 
urements to the millionth of an inch, that “In the old days we 
often worked to the millionth, but we never knew which mil- 
lionth.”’ First making the hole and then turning the shaft or 
pin to fit it, the skilled mechanic from the feel of his calipers may 
have worked to the tenth of a thousandth, although he would 
have laughed at any suggestion of such precision. As an answer 
to the question of which tenth, if the calipers were carefully set 
to a lize on an accurate steel scale, the actual size was probably 
within two-thousandths of the nominal figure. 

Sir Joseph Whitworth, who was one of the first to realize the 
advantages of using the sense of touch, proposed that steel scales 
be replaced by accurately made plug and ring gages to which the 
workman could set his calipers. This method was used on pre- 
cision work for many years by British manufacturers. Its dis- 
advantages included the high cost of producing accurate gages, 
the necessity of having a plug and ring for every dimension 
wanted, and the fact that wear of these reference standards due 
to continual use impaired their accuracy. 

Development in the United States went along other lines, 
where the vernier caliper, the first practical precision tool which 
could be bought by the ordinary mechanic, was put on the 
market by Joseph R. Brown in 1851. The caliper jaws which 
brought the sense of touch into play in setting were combined 
with the graduated scale for measuring, while the vernier gave 
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means for definite readings to the thousandth of an inch, and ac- 
curate setting was secured by the screw. If the graduations 
on both the vernier and the scale were fine lines of uniform width, 
the skilled mechanic, aided by a magnifying glass, could measure 
to half of a thousandth. 

The next great advance in precision measuring tools for shop 
use was the introduction of the micrometer caliper. In 1848 a 
French mechanic patented and began manufacturing a “screw 
caliper” under the name ‘‘Systéme Palmer.’”’ It was not used to 
any great extent, however. Nineteen years later a micrometer 
sheet-metal gage was developed at the plant of the Bridgeport 
Brass Company and its manufacture was taken up with J. R. 
Brown and Sharpe. This device was not considered of commer- 
cial value because it was so difficult to read. A few months later 
J. R. Brown and Lucien Sharpe saw a “Systéme Palmer” at a 
Paris exposition, and noting the advantage of dividing the gradua- 
tions between the cylinder of the frame and the revolving barrel, 
decided to apply this arrangement to the sheet-metal gage. They 
also added a clamp for tightening the screw and an adjustment 
to take care of wear on the measuring surfaces. This resulted in 
the “Pocket Sheet-Metal Gauge” which was brought out in 1867. 
Ten years later the first micrometer caliper for general precision 
work was put on the market. This device marked a real advance 
over the vernier caliper due to its direct readings to a thousandth 
and the possibility of estimating to the quarter or tenth without 
the aid of a glass. 

James Watt built a shop micrometer for his own use, while 
over a hundred years ago Henry Maudsly made an accurate bench 
micrometer, of which James Nasmyth, in his autobiography, 
wrote that it had “‘a degree of exactness that went quite beyond 
all the requirements of engineering mechanism; such, for in- 
stance, as the thousandth part of an inch.”’ In 1851 Sir Joseph 
Whitworth first exhibited his famous measuring machine, which 
was really a comparator and by which variations as small as a 
millionth of an inch from reference standards could be detected. 
In this machine he introduced the now common practice of 
holding between two smooth parallel surfaces a small, highly 
polished tumbler plug, the dropping of which indicated that the 
standard pressure on the piece being measured had been reached. 
Such machines were expensive and could be installed by compara- 
tively few shops, while the vernier caliper and micrometer caliper 
were pocket tools which the individual mechanic bought and used. 
In this introduction of precision measurements into the work of 
the average shop lies the real significance of the development of 
these instruments. 


ANGULAR MEASUREMENT 


Early angular measurements were made by use of the square, the 
dimensions being given in terms of the lengths of the two legs of 
a right triangle. A base line was given by the spirit level, the 
Roman forerunner of which was described by Vetruvius in his 
seventh book on architecture, as follows: ‘“‘Let a channel be 
cut on the top of the rod five cubits long, one digit wide and half 
a digit deep, and let water be poured into it. If the water touch 
each extremity of the channel equally it is known to be level.’ 

With the development of machine construction, the need for 
true flat surfaces arose, both in the machines themselves and for 
use as reference planes. Like many others, this requirement was 
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met by Sir Joseph Whitworth, who may not have originated, but 
who certainly perfected, the method of scraping three surface 
plates to give the desired result. The three plates a, b, and c were 
first made as flat as possible by machine work and filing. Plates 
a and b were then both scraped until they matched, and next c 
was scraped until it conformed to a. Plates b and c were then 
both scraped until they agreed, after which a was scraped to 
match b. This process was continued until three true surface 
plates were produced. These then became masters which were 
used in the production of other flat surfaces. This practice, 
which is now commonplace, represented such a great advance 
at the time that it was presented in a paper before the British 
Association for the Advancement of Science in 1840. 

Whitworth also produced accurate squares by similarly scrap- 
ing three of them to match each other, using a master surface 
plate as a base. The straightedge, another important tool in 
the determination of the trueness of surfaces and in the measure- 
ment of angles, is the limiting case of a narrow surface plate. 
Professor Sweet’s definition is worth repeating: ‘A perfect 
straightedge is one of three, any two of which when placed to- 
gether, coincide throughout their length.” 

The fastening of two straightedges respectively to two con- 
centric rings, on one of which accurate subdivisions of the circle 
into degrees are engraved, resulted in the protractor, which could 
then be used to lay out or measure any desired angle. Greater 
accuracy in reading fractions of a degree was made possible by 
adding a vernier to the second ring. Another development in 
angular measurement came through the use of the worm and 
wheel, as in the spiral head of the milling machine, in the indexing 
arrangement of the gear cutter, and in the table-rotating me- 
chanism of the jig boring machine. In building these, one diffi- 
culty is the cutting of an accurate worm wheel in which all varia- 
tions in tooth spacing are eliminated. If this is successfully ac- 
complished, very fine angles can be measured on a graduated dial 
attached to the worm shaft. 

The sine bar is the most recent development in exact manual 
measurement of angles. This bar becomes the hypotenuse of a 
right-triangle, and the angle is determined by the careful measure- 
ment of the opposite side. As generally made, it is a bar to one 
side of which two pins of exactly the same diameter are fastened. 
These two pins are a known distance apart, generally 10 inches 
for ease in figuring, and are located on a center line which is 
exactly parallel with the upper and lower surfaces of the bar. 
The accuracy of this method of angular measurement is then de- 
termined by the exactness with which the linear distances from 
the two pins to the reference surface can be determined, the dif- 
ference between the two measurements being the dimension 
wanted. 


GAGES 


The practice of making a part so that it fits a gage rather than 
the particular mating member in the machine where it is to be 
used is an outstanding feature of interchangeable manufacture 
and is one of the great American contributions to industrial 
development. Plug and ring gages were made by Whitworth, 
but as noted their primary purpose was not the measuring of 
finished work but the accurate setting of calipers. The snap 
gage began to supersede this type for general shop use in this 
country about sixty years ago and was followed shortly after by 
the limit or “go” and “not go” gage. The latter type, with its 
two dimensions corresponding respectively to the largest and 
smallest permissible size of the piece being made, has played a 
great part in modern mass production, and any adequate dis- 
cussion of its adaptations to various types of work is beyond the 
scope of this paper. 

The value of this system in part arises out of the keenness 


of perception of the touch sense using the solid gage as compared 
with the ordinary shop measuring instruments. This is illus- 
trated by an experiment made by Mr. Earle Buckingham. Three 
cylindrical plugs about one inch in diameter were lapped as ac- 
curately as possible to the point where there was a difference of 
twenty millionths of an inch between them, making the maximum 
variation four hundredths of a thousandth. A number of skilled 
mechanics, when asked to place them in order from largest to 
smallest, invariably did so correctly by setting a micrometer 
caliper to one of them, clamping it, and trying it over each in 
turn. When asked to measure them as closely as possible, read- 
ings varying by the tenth of a thousandth were given, and the 
largest figure did not always correspond with the largest plug. 

The stiffness of a gage has an effect on the ease with which 
minute differences in size may be detected, and on the other 
hand the effort required in handling a heavy weight may dull 
the sense of touch. The problem of distributing the metal to 
secure the maximum rigidity for its weight therefore becomes 
important in the design of large gages. 

Taper plugs and rings have been developed for holding the 
angle of turned pieces to fixed standards. These do not depend 
on feel, but on the uniformity with which a thin layer of prussian 
blue or some similar colored substance is transferred from the 
gage to the work. Likewise angular and other irregular shapes 
can be checked by use of flat profile gages, very small errors 
being detected by light shining through any openings between 
the matching surfaces. 


LENGTH STANDARDS 


The development of interchangeable manufacture brought up 
the problem of assembling, in the same machine, parts made to 
different gages which in turn had been made by different manu- 
facturers. This came up strongly in the late 1870’s due to the 
use of the Sellers system of threads, the adoption of which had 
been recommended by the Master Car Builders’ Association in 
1871. At the time the problem of interchangeability appeared 
to be solved, but it was soon found that nuts made with taps from 
one manufacturer might not fit bolts threaded with dies furnished 
by another. When the standard gages used by the different 
manufacturers were compared it was found that they varied 
slightly in size. The ultimate standards used by some of the 
best American manufacturers in precision work at this time were 
plugs and rings bought from Sir Joseph Whitworth, but even 
here investigation showed that there was not absolute agreement 
between gages of presumably the same size in different sets. 

The question of the length of an inch became immediately an 
exceedingly important question which had to be answered if 
interchangeable manufacture was to reach its ultimate develop- 
ment. By definition it is one thirty-sixth part of the distance at 
62 deg. fahr. between two fine lines on gold plugs near the ends of 
a bronze bar kept in London and known as the Imperial Standard 
Yard. Similarly at the time this question arose the centimeter 
was one-hundredth part of the overall length at 0 deg. cent. of a 
bar known as the Meter of the Archives. This bar has since 
been replaced by the International Prototype Meter, which, 
like the Imperial Yard, is a line standard. The accurate sub- 
division of these standards fifty years ago was the problem of the 
gage manufacturers, there being no Bureau of Standards to do 
it for them. 

Whitworth had furnished the first solution with his millionth 
measuring machine, which had been used in the production of 
length standards which were equal subdivisions of an end- 
measure yard. These new length standards were then used as 
references in making subdivisions of their length. For instance, 
three identical twelve-inch bars were made which equaled the 
yard, and so on down the scale. 
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In this country a number of manufacturers started with line- 
measure yards which were compared with the copy of the Im- 
perial Yard at the Bureau of Weights and Measures, predecessor 
to our present Bureau of Standards. Copies of these bars were 
made on which were placed ruled subdivisions to which the setting 
could be made by means of a microscope, and measuring ma- 
chines which used these line standards were constructed. The 
first precision measuring machine thus to break away from the 
use of end standards was built in 1878 by O. J. Beale of the 
Brown & Sharpe Manufacturing Company. 

The outstanding investigation of this period was made by 
Prof. William A. Rogers of Harvard University and George M. 
Bond of the Pratt & Whitney Company. This included the 
construction of several yard and meter line standards and the 
development in 1882 of the Rogers Bond comparator for the ac- 
curate subdivision of these bars. This was followed by the de- 
velopment of a commercial measuring machine which could be 
used for determinations of length to the hundred thousandth of 
an inch. The technical papers describing this work were largely 
responsible for the reestablishment of line measurement as the 
ultimate standard. 

One of the most recent developments in this line is the joint 
work of the Bureau of Standards and the Brown & Sharpe Manu- 
facturing Company in the production of line reference standards 
by use of the Michelson interferometer. The lines were ruled 
on Stellite inserts in a steel bar and were placed 0.040 in. apart 
for the first inch and 1 in. apart for the remaining distance. The 
method used in locating the lines was so exact that their spacing 
is within the error of microscopic methods used in calibration. 


GaGeE BLocks 


End-measure reference standards have recently returned to an 
important place in precision machine-shop work through the 
introduction of sets of accurate gage blocks. These were de- 
veloped in Sweden by C. E. Johansson and were first brought to 
this country in 1907. Methods of manufacturing similar blocks 
known as Hoke gages were perfected more recently by the 
Pratt & Whitney Company. Both types are now made here. 

The surfaces of these blocks are flat and parallel within ex- 
tremely close limits, and the lengthorgage dimension isguaranteed 
to be within a few millionths of the nominal figure, the limit 
being 0.000002 in the highest quality set made commercially. 
Due to the accuracy of the surfaces these blocks can be slid or 
“wrung” together, forming what is practically a new gage with a 
length equal to the sum of the lengths of its component parts. 
When in this condition the blocks cannot readily be pulled apart 
but must be separated in the same way they were put together. 
The blocks have been combined in sets in such a way that any 
desired dimension within given limits can be built up. For in- 
stance, a set of 81 blocks will give any dimension from 0.1 to 
0.2 in. by steps of 0.001 in. and from 0.2 to 12 in. by steps of 
0.0001 in. 

Sets of these blocks are now found in practically all plants 
where precision work is being done, and their uses are so numerous 
that only afew can be touched upon here. The checking of mi- 
crometers and limit gages and the setting of calipers, height gages, 
sine bars, and the anvils of adjustable limit gages are among the 
simpler applications. They are also used on lead-testing ma- 
chines and on jig borers to give exact movements of the table or 
carriage, and have a particularly large field in the setting of 
comparator types of gaging equipment. Angle gage blocks 
varying by small increments are also available for inspection work. 

Sets of these blocks are now the final reference standard in 
many shops and increased accuracy has been secured in some 
cases by having the set calibrated at the Bureau of Standards 
and the error of each block in millionths recorded. 
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The extent of the development of the past fifty years in giving 
an accurate standard of length for use in manufacturing is indi- 
cated in a paragraph taken from a recent book, “Standards and 
Standardization,” by Norman F. Harriman, Senior Engineer 
Physicist, Bureau of Standards, as follows: “Another company 
which specializes on fine measurements has made reference scales 
which are accurate to 0.000001 inch. The measuring machines 
used by this company give definite indications to the hundred- 
thousandth of an inch, and these reference scales, read through a 
microscope, are used in setting the machines so that continuous 
accuracy is assured. Pure science is thus applied to making and 
testing gages, making master screws, and ruling linear scales 
unsurpassed in point of accuracy. The master screws and the 
best gages and linear scales are true to within 0.000001 in.” 


COMPARATORS 


The use of comparators and of comparator systems of gaging 
work in interchangeable manufacture is an important develop- 
ment, which has been greatly stimulated by the introduction of 
gage blocks. The general idea of these systems is the replace- 
ment of limit gages by comparators, the indicating mechanism 
of which is set at zero for the desired dimension. As the different 
pieces are inspected, the reading of the indicator shows the varia- 
tion from the ideal figure. For precision measurement this sys- 
tem is dependent on the accuracy of the standard sample, gage 
block combination, or other means used to give the original zero 
and on the constancy with which this zero is maintained. 

A single comparator can replace a large number of limit gages 
due to the ease with which it can be set to a new zero with each 
change of job. Furthermore, if the exact amount of the varia- 
tion from standard is desired, as when the parts are to be sorted 
into several classes by size for selective assembly, the comparator 
fills a place which cannot be taken care of by the limit gage. The 
latter type is not altogether satisfactory where the manufacturing 
limits are very small, and here also the comparator is finding 
favor. Another advantage claimed for the comparator is that 
it can be operated satisfactorily by less skilled labor because of 
the fact that, unlike the micrometer, it does not depend on deli- 
cacy of touch. 

Many of the comparator systems use a dial indicator in some 
form. This may have divisions in thousandths of an inch and 
be actuated by a ten-to-one multiplying lever in the stand, thus 
showing clearly tenths of thousandths variations in the work. 
Direct-reading indicators may also be used. In gaging cylindrical 
work an inverted V-frame carrying a dial indicator may be used. 
This has the additional value of detecting out-of-roundness. 
Another type is the Prestwich fluid gage, in which the top of the 
column of colored fluid in a tube moves through a considerable 
distance for a very slight change in position of a diaphragm to 
which the gaging point is attached. The millionth comparator 
used in inspecting Hoke gages depends on a ray of light reflected 
from a mirror. which is tilted by slight variations in the length of 
the work. The Zeiss comparator is another type which is par- 
tially optical in its method of operation. 

In view of the number of these devices which have appeared 
recently, considerable expansion in this method of inspection may 
be expected. 


DIFFICULTIES IN FINE MEASUREMENT 


When shop men begin to talk in terms of the tenth or hundredth 
part of the thousandth of an inch, a few words of caution are in 
order. 

Steel changes its length with changes in temperature, and pre- 
sumably scales and other measuring devices are correct only at 
68 deg. fahr. If the material being measured and the gage have 
approximately the same coefficient of expansion, variations will 
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not make an appreciable difference provided both are the same 
temperature. However, if a 4-in. piece of work is but ten degrees 
warmer than the measuring device, the error will be about a 
quarter of a thousandth of an inch. If readings to the fraction of 
a tenth are desired, care must be taken to see that both the work 
and the measuring machine are at the same temperature and 
that neither is affected by the heat of the hand or radiation from 
the body of the operator while the measurement is being made. 

Another point to remember is that steel is elastic. Every 
force is accompanied by a deformation, and very small forces 
may cause large errors when compared with the limits of measure- 
ment. In accurately measuring a cylindrical plug with a hole 
through the center, the work was held between the measuring 
points by a wooden skewer pressed lightly into one end, and it was 
found that the plug was not straight, but was ten millionths 
larger at the holding end than at the other. When the plug was 
reversed, the same readings were secured, but the larger figure 
again came at the holding end. When the skewer was replaced by 
a rod which gave no outward pressure, both ends of the plug gave 
the same reading, which was the mean of previous figures. When 
a l-in. reference disk with a */s-in. hole in the center was put in a 
comparator device which had a pressure of some 3 or 4 Ib. between 
the measuring surfaces, the disk was found to be several hun- 
dredths of a thousandth small, and it was only after the pressure 
was greatly reduced that an accurate reading was secured. 
Where extreme precision is desired, possible deformation both of 
the work and of the measuring device must be taken into account. 

Another difficulty is that gages and measuring devices which 
are correct today may be off a year from now due to changes in 
‘the internal structure of the steel. The present theory is that 
all of the austenite formed in the steel in hardening may not get 
into the martensitic form during the drawing, and therefore 
does so gradually over a period of time, causing changes in shape. 
That this may be a serious problem is shown by the fact that a 
4-in. standard has been known to increase in length nearly four- 
tenths of a thousandth in the course of a year. Hardened steel 
measuring devices and standards must therefore be made of the 
proper kind of steel, receive the right heat treatment, and be 
properly seasoned if they are to be used for precision measure- 
ments over any length of time. 

The history of precision measurement, from its crude beginnings 
in the early days of machine work to the present, when it has 
become one of the foundation stones of our present manufacturing 
system, is a fascinating story. Under this system products made 
to the same drawings and limits, in factories in different sections 
of this country or even of the world, are readily interchangeable, 
and gages from different makers differ by not more than the 
hundredth part of a literal “hair’s breadth.”” In this develop- 
ment every engineer may well take pride when he realizes to how 
great an extent it has been the work of members of his own pro- 
fession. 


Discussion 


Erik Operc.? This discussion does not concern the develop- 
ment of measuring devices or their design and construction, but 
rather the practical use of measurements. During recent years 
there has been a tendency toward a degree of accuracy in manu- 
facturing that was entirely unknown say twenty years ago. In 
a great many instances the accuracy now possible is essential to 
the functioning of present-day mechanisms. In many instances, 
however, the great degree of accuracy that has been imposed upon 
certain branches of the industry is not necessary for the purposes 
to be attained. The waste through unnecessary accuracy when 
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accuracy is not required may be just as great as the waste due to 
lack of accuracy when accuracy is a necessary requisite. As a 
matter of fact, if it were possible to estimate in dollars and cents 
the cost of unnecessary accuracy it may be wondered if it is not 
just as great a national loss as is the loss due to careless and inac- 
curate work. 

Some time ago a few instances of excessive accuracy and its 
cost were brought to attention. The writer believes that the 
quoting of these examples will prove of interest and that it will 
emphasize the need for good judgment in deciding as to when and 
when not close tolerances are required. 

One tool manufacturer has stated that he believes that 20 
per cent of the manufacturing cost in the metal-working industries 
in the United States is due to carelessly set tolerances and un- 
necessary accuracy. This manufacturer turns down over half a 
dozen inquiries every week because of the extreme tolerances 
demanded which place the tools outside of the scope of commercial 
manufacturing practice and in the laboratory class; and yet this 
manufacturer has a world-wide reputation for precision work. 

A firm manufacturing small tools recently received an inquiry 
for a metal-slitting cutter of the circular disk type. Tolerances 
were specified to plus or minus one-half a ten-thousandth of an 
inch. The tool manufacturer quoted $100 apiece for these cut- 
ters. The customer immediately wrote back pointing out that 
the price was excessive. The tool manufacturer asked the cus- 
tomer to specify the purpose for which the tools were to be used, 
and requested that he be permited to use his own judgment as to 
the accuracy required. If the cutters, when so made, were not 
satisfactory, he agreed to stand the entire expense. The result 
was that perfectly satisfactory cutters were made with tolerances 
of plus or minus one-quarter of a thousandth of an inch, which 
reduced the cost per cutter to $4. The customer's engineers 
apparently had no conception of the accuracy that was actually 
required for the work for which they were buying tools, nor did 
they appreciate the cost of the accuracy they demanded. By re- 
ducing the accuracy to practical requirements, the cost was de- 
creased from $100 to $4 apiece for the tools. 

In another case, the customer wanted to buy a ring gage of a 
certain size that was to be straight and round to within a limit of 
plus or minus one hundred-thousandth inch. The gage maker 
quoted $2500 for making such a gage, and felt that he was taking 
a chance at that. The customer thought the price was excessive, 
and after some correspondence decided that an accuracy of 0.0001 
in. would be satisfactory. This made it possible to make the 
gage with a profit for less than $350. 

In another case, a blueprint was submitted to a manufacturer 
calling for a screw over 20 ft. long, 3'/: in. in diameter, having four 
Acme threads to the inch. The tolerance on the pitch diameter 
and lead per inch was given as plus or minus 0.0001 in. In order 
to show how extreme these requirements were, a quotation of 
something more than $10,000 was made for the screw. It was 
estimated that, on account of the size of the screw and the diffi- 
culty of handling it, the setting up for making dependable meas- 
urements of a pitch diameter and lead error to within the limits 
required would have cost about $20 per measurement. The 
interesting thing in this case is that there was no need for ac- 
curacy whatsoever. If there had been a !/j-in. tolerance on the 
diameter of the screw either way, it would have made no differ- 
ence in its application, because the nut was to be fitted to the 
screw by the manufacturer who made the screw, and so long as 
the two fitted together, there was no question of interchange- 
ability, because only one screw and nut were to be made. Fi- 
nally, more reasonable tolerances were set on this screw and it was 
made for $315, instead of thirty or forty times that amount. 

As just one more example of the cost of unnecessary accuracy 
may be mentioned the case of a tooling equipment on which a 
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manufacturer quoted; there were four dimensions that were 
carried to the fifth decimal place, with the understanding that an 
accuracy of plus or minus one hundred-thousandth inch was re- 
quired. The tool manufacturer quoted over $35,000, but after 
he had persuaded the customer that the four ‘‘accurate’’ dimen- 
sions would serve every conceivable commercial purpose if the 
accuracy was to within plus or minus 0.0002 in., the quotation was 


reduced to about $4000. These examples taken from everyday 
manufacturing practice, it is thought, will indicate that there is 
such a thing as unnecessary accuracy being asked for in the ma- 
chine shop field. The most valuable quality of an engineer out- 
side of his technical knowledge is a sense of values, the ability to 
judge when and when not the things that are theoretically pos- 
sible are, in practice, sensible. 
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Grooving Bearings in Machines 


By G. B. KARELITZ,! EAST PITTSBURGH, PA. 


to destruction of a machine or its bearings. If the machine 

be a low-speed mechanism, the heat generated in a bearing 
can be safely carried off, and even insufficient lubrication will 
prevent seizing or scoring of the bearings. Yet the penalty is 
always paid in the excessive power necessary to drive an improp- 
erly lubricated mechanism and in the high rate of wear in the 
bearing parts. 

The essential features of good lubrication are: A proper de- 
sign of the bearing itself and of the method of feeding lubricant to 
the bearing; the choice of a suitable. lubricant for the given con- 
ditions; reasonably careful and thoughtful maintenance. 

This paper deals with only one aspect of the first phase; namely, 
with the grooving of bearings. Naturally, it will be impossible 
to cover all possible varieties of bearings, since an infinite diversity 
of conditions of motion and loading may occur to designers. The 
discussion will therefore be confined to (1) the essentials of cor- 
rect lubrication and conditions which it is desirable to establish 
by means of grooving and (2) a series of examples of grooving in a 
classified number of applications. A brief discussion of the 
mechanism of lubrication will now be given. 

Two distinct methods of lubrication are encountered in engi- 
neering. One is the so-called oily or greasy lubrication which 
may occur with surfaces under heavy loads and at low speeds, or 
with very scant lubrication when there is not enough oil supplied 
to fill out appreciably the clearance between the rubbing bearing 
surfaces. In this case the lubrication depends only on the oiliness 
of the lubricant. The viscosity plays only a secondary role in 
this case. The friction between the surfaces is fairly high, the 
coefficients of friction varying between 5 per cent aud 18 per cent, 
mostly around 12 per cent. Fortunately, conditions of purely 
greasy lubrication are comparatively rare in a mechanism under 
running conditions; however, these conditions exist always when 
startinga machine. The lubricant is squeezed out from the space 
between its bearing surfaces while the machine is at rest, only 
molecular layers of oil adhering to them and providing greasy 
lubrication. The high coefficients of friction under these condi- 
tions explain the large effort necessary to ‘‘pull out’? a machine 
from rest. 

It is therefore essential to secure wherever possible the second 
type of lubrication, the fluid type, where an actual liquid film of 
lubricant parts the rubbing surfaces. The viscous resistance of 
the liquid lubricant to being squeezed out is sufficient to carry the 
load on the bearing without breaking down the oil film. 

The general theory of fluid lubrication is well described in the 
technical literature, and the author will not go into this subject; 
however, several questions will be touched upon which may come 
to the mind of practical designers: (1) the source of strength of 
a liquid film enabling it to withstand tremendous pressures, up 
to 500 Ib. per sq. in. without rupture; (2) the pressure under 
which the film does break down; (3) whether the viscosity of a 
lubricant is its one essential property; (4) the connection between 
the design of a bearing and its ability to maintain an efficient oil 
film. 

The viscosity of a liquid is its ability to resist the sliding of 
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one layer of the liquid over another, the resistance being propor- 
tional to the rate of change of velocity from one layer to the other. 
The viscosity of a lubricant is the source of the hydrodynamic 
forces taking place in the clearance between the bearing surfaces. 

Assume (Fig. 1A) that a plane 77 is moving over a plane 7 in an 
oil bath; 7 and ii are parallel. The lubricant, by its oiliness, ad- 
heres rigidly to the metal surface of both planes i and ii. It is 
therefore actually at rest just above the surface 7, and actually 
moves with the velocity v of the plane 7i just above it. Assume 
that v is equal to 1200 ft. per min. and that the thickness of the 
film between the surfaces is 0.003 in. The rate of velocity change 
from layer to layer of the lubricant is then 1200 + 0.003 = 400,- 
000 ft. per min. per 1 in., or about 4500 mi. per hr. per inch thick- 
ness of oil film. This is quite a formidable rate of slipping of 
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layer over layer, and it is therefore only natural that the friction 
forces opposing the motion of the surface ii over that of ¢ are 
appreciable, although the viscosity of the oil does not appear to 
be large. 

Assume now that the plane 7 is slightly inclined (Fig. 1B). 
It is easy to see that the velocities of the lubricant being equal to 
v both at the points a and b there is more oil dragged unto the 
clearance between 7 and ii at a than can conveniently be carried 
through the section b. A redistribution of velocities in the oil 
must occur, the oil being squeezed through the clearance between 
iandii. At the enormous rate of velocity variation from 7 to ii 
it is no wonder that high pressures are created in the oil. Pres- 
sure gages placed along the line ab would register pressures as 
indicated by the dotted line p. The magnitude of the pressures 
depends on the velocity v, the viscosity of the oil, the clearance, 
and the angle between i and it. 
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Curving the surfaces 7 and 77 into cylindrical surfaces, the mecha- 
nism of a sleeve bearing is easily obtained (Fig. 1C). The 
journal 77 moving with respect to the bearing 7 drags the oil into 
the wedge-shaped clearance ab. The journal locates itself auto- 
matically in the bearing clearance in a position defining the clear- 
ance ab such that the resultant of all forces p on the journal is 
equal and opposite to the load P which the journal carries. 

In a given bearing the minimum thickness of the oil film is 
very definite for given conditions of load, speed, and oil viscosity. 
In order that fluid lubrication may be maintained, this thickness 
of the oil film must be larger than the combined height of the 
minute imperfections on the surfaces of the journal and of the 
shell. Otherwise, rupture of the oil film will take place. A 
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specific bearing pressure at which the oil film breaks down does not 
exist in the limits of practical application, and the film is steady 
until rupture occurs due to its being mechanically pierced by the 
imperfections of the rubbing surfaces as mentioned previously. 
The bearing pressure limit of fluid lubrication will be higher in 
the same bearing with higher velocity of rotation, with higher 
viscosity of the oil, and with a finer finish of the surfaces of the 
journal and bearing. 

An essential feature of fluid lubrication is a continuous rotation 
of the journal in the bearing at a comparatively high speed. 
Unfortunately, in many instances this condition is not fulfilled. 
The shaft may have intermittent motion; it starts and stops 
during operation; the speed of its rotation may be so slow that a 
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load-carrying oil film cannot be built up. A state of semi-fluid 
lubrication exists in such instances. Notwithstanding the pres- 
ence of a fluid film in the clearance, an actual greasy contact 
takes place between metals of the journal and bearing. 

It is therefore clear that viscosity alone cannot be relied upon 
as a test of a good lubricant. The oiliness of it is just as impor- 
tant, since this property of the lubricant greatly decreases friction 
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between the surfaces in contact. Besides the oiliness apparently 
determines the ability of the lubricant to adhere to the rubbing 
surfaces, which is essential for maintaining an efficient load-carry- 
ing oil film. 

The mechanical design of a bearing must be developed with the 
importance of fluid lubrication kept always in mind. The lubri- 
cant must be fed into the bearing at a point where the pressure of 
the oil is low or even preferably where a vacuum is expected, as 
on the “up-side”’ of a sleeve bearing. It is important to leave the 
bearing zone, where the load-carrying oil film is formed, unin- 
terrupted, as will be demonstrated on the bearing in Fig. 1C. 

Assume a groove cut at the bottom of the shell. Quite 
naturally this groove, which opens into regions with low or at- 
mospheric pressure, has no pressure in it. The pressure curve 
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p, of the oil film in the bearing prior to cutting the groove is 
shown by a dotted line in Fig. 2; the new pressure curve p: with 
the groove cut at the bottom of the bearing is shown by a solid 
line and a shaded area. The oil film under these conditions thins 
out. It will rupture, and a stage of semi-fluid lubrication will 
take place at much lower pressures than with the groove absent. 

Therefore, indiscriminate cutting of grooves in a bearing may 
be harmful. The function of grooves is primarily to distribute oil 
from the source of supply over the complete length of the bearing. 
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They must be, wherever possible, confined to the unloaded por- 
tion of the bearing; the loaded part should be left free from in- 
terruptions. It appears that an angle of about 45 to 60 deg. must 
be had between the line of oil admission and the load line to allow 
building up an efficient load-carrying oil film. 

Fig. 3 shows the loaded half of a split shell with grooves as quite 
often met in practice. Grooves of type A are useless, since they 
do not add anything to the effectiveness of the bearing, increasing, 
however, the cost of manufacturing. Grooves of type B are 
simply harmful, being cut in the pressure zone of the bearing; 
( is a properly designed bearing. The chamfered grooves at 
the split serve as sufficient means for longitudinal distribution of 
the lubricant, while the pumping action of the shaft takes care of 
filling out the clearance with oil, provided the supply of the lubri- 
cant to the bearing is ample. 

There is another typical case of fluid lubrication, that of two 
surfaces approaching each other with or without sliding (Fig. 4). 
The clearance between ii and 7 being small, the lubricant resists 
being squeezed out, and the oil film is therefore able to withstand 
considerable compression P for a short period of time. The 
mechanism of Fig. 4 may be used to provide for the lubrication 
of bearings with frequent reversals of force. It may be used to 
advantage both when an oscillating motion of the shaft takes 
place or when the oil film is used merely as a cushion against the 
shock of the force reversal. The grooves in a bearing of this 
kind must be arranged in a manner to secure an ample supply 
of lubricant to the bearing clearance, in order that it could fill 
out completely during the no-load period of the cycle. 


CLASSIFICATION OF BEARINGS 


Based on the aforementioned general remarks a series of ex- 
amples of groove arrangements is shown. In arranging the 
following material the author used partly the publication of the 
German Committee of Economical Production (AWF). 
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Bearings are classified by their motion and by the character of 
their loading, as follows: 


A Horizontal bearings, rotational motion. 
1 Steady load 
2 Direction variable inside a certain angle 
3 Rotating load 
4 Direction unknown. 
B Vertical bearings, rotational motion. 
1 Steady direction of loading 
2. Direction variable inside a certain angle 
3 Rotating load 
4 Guide bearing. 
C Bearings with oscillatory motion. 
D Thrust bearings. 
E Guides with rectilinear motion. 
A Horizontal Bearings for Rotational Continuous Motion. 
1 Direction of Load Known and Constant: 
Should the lubrication be effected by means of an oil ring, the 
load acting downward or inside the lower 60-deg. segment, the 


Oi! 


Angle of 
Load Line 


Fia. 9 


groove distributing oil along the bearing is conveniently made as 
in Fig. 5A. The grooving arrangement of Fig. 5B is preferable 
where the load line lies at an angle above 45 deg. to the vertical 
center line. 

Should the oil be supplied by forced feed or by drop feed, the 
lubricating hole is located at the midlength of the bearing (Fig. 6). 
The hole opens into an axial groove, distributing the oil along the 
bearing. The location of the lubricating hole and groove along 
the circumference is not necessarily opposite the line of action of 
the load; it may be placed anywhere on the no-load side (are 
ach in Fig. 6). 

The design may require that the oil be supplied to the bearing 
through the journal as in Fig. 7. It is best then to divide the 
bearing in two by a circumferential groove into which the oil 
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hole opens. The oil is further distributed along the bearing by attained throughout a complete revolution. Fig. 9 shows a cir- 
an axial groove. cumferential groove into which the oil hole opens. 

In the case of a stationary shaft and a rotating bearing, the Should it be necessary to feed oil through the shaft, the con- 
lubricant is conveniently supplied through ducts in the shaft. struction of Fig. 10 may be employed. The oil hole opens into 


an axial groove in the shaft, the shell itself being 
orl 4 
Axial Axia/ 


grooveless. 
With the shaft stationary and the bearing rotat- 
Groove Groove 


ing under the action of a rotating load (Fig. 12), 
the oil hole in the shaft opens into a circumferen- 
tial groove cut in the shaft A or in the bearing B. 

The location of the hole is at midlength of the 
bearing, but its position along the circumference is 
naturally immaterial for a rotating load. 

4 Direction of Load Indefinite: 

Should there be no indication at all in what direc- 
tion the load on the bearing may be expected an 
Fic. 11 oil-ring bearing of both types A and B of Fig. 5 

may employed. 
ea However, with the 

type A obviously un- 
favorable conditions 
arise when the load on 
the bearing is nearly 
horizontal in direction. 
The load acts then in 
= line with the axial 

groove. On the other 


Yt hand, in type B the 
grooves interrupt the 
1G. LA bearing 


throughout the upper 
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half of the bearing, 
without making it, 
however, completely 

inoperative. In gen- 
Vv = eral, it may be said 
that both types of 
grooving have equal 
O's Fic. 13 merits, and judgment 
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The lubricating hole is placed on the no-load side and opens into 
an axial groove which is cut in the shaft and which distributes the 
oil along the bearing. 

2 Direction of Load: 

The arrangements shown in Figs. 5 to 8 are suitable also for 
the case of a load of variable direction, provided there is sufficient 
angular space (about 45 deg.) between the axial groove and the 
extreme load line, in order to allow the formation of an efficient 
load-carrying oil film. The permissible angle of variation of the 
load line for the bearing in Fig. 5A is shown in Fig. 9. 

It may be noted that the construction where oil is supplied 
through an oil hole affords considerably more freedom in the 
angle of variation of the load direction without impairing the 
carrying capacity of the bearing. The load line may swing 
through an angle of over 180 deg. without endangering the exist- 
ence of an efficient oil film. 

3 Rotating Load: 

An axial groove is cut in the shaft on the no-load side (Figs. 
10 and 11). The oil supply may be effected by an oil ring or (A) (B) 
through an oil hole. The oil-ring method is inferior in the case 
of a rotating load, since uniform lubrication cannot very well be Fia. 15 
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as well as personal taste must guide the designer in his 
choice. 

With drop feed or with forced feed, the location of the oil hole 
along the circumference of the bearing is immaterial. The lubri- 
cant must be applied, naturally, to the midlength of the bearing. 
It is advisable to provide a circumferential groove into which the 
oil hole opens, the groove being cut in the bearing or in the shaft 
(Fig. 13), as may be more convenient. 

Should the lubricant be applied to the bearing through the 
rotating shaft, the oil hole opens at midlength of the bearing into 
a circumferential groove in the shaft or in the bearing (Fig. 14). 

With a stationary shaft and rotating bearing the grooving is the 
same as in Fig. 14. The oil hole opens into a circular groove cut 
in the shaft or in the bearing. 

B Vertical Bearings for Continuous Rotational Motion. 

1 Direction of Load Known and Constant: 

An axial groove is cut in the bearing on the side opposite the 
line of action of the load (Fig. 154). The lubricant is applied 
through an oil-hole opening into the groove at a point near the 
top of the bearing by means of an oiler or by forced feed. At 
high speeds, where the oil feed pressure may be comparatively 
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high, the oil hole is better located at the midlength of the bear- 
ing (15B) in order to avoid excessive oil leakage at the top end. 

Should the lubricant be fed through the running journal, the oil 
hole opens into a circumferential groove at the top of the bearing, 


an axial groove being cut in the bearing on the side opposite to the 
load line (Fig. 16). 
With a stationary shaft and a rotating bearing the oil hole in the 
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shaft (Fig. 17) opens into an axial groove cut in 
the journal on the no-load side. The location 
of the oil hole is near the top of the bearing for 
drop feed or at the midlength with forced feed 
of an appreciable pressure. 
2 Direction of Load Variable Inside a Cer- 
tain Angle: 
: The considerations brought forth in the dis- 
O// cussion of the corresponding case for horizontal 
bearings hold also for vertical bearings. The 
axial groove must be located in such a way that 
the extreme direction of the line of action of the 
load will not come nearer than 45 deg. to the 
groove on the ‘down side”’ of the bearing (Fig. 
20). 
3 Rotating Load: 

Figure 18A shows the application of lubricant 
to a bearing where the load rotates together 
with the journal. The oil is fed into a circum- 
ferential groove at the top of the bearing, while 
an axial groove is cut in the journal on the side 
opposite to the load line. Fig. 18B shows the 
same arrangement with the circumferential 
groove at midlength of the bearing, as more 
suitable for forced-feed lubrication. 

In the case of a stationary shaft and a rotat- 
ing bearing, the lubricant is applied through the 

shaft. An oil hole opens into a circular groove in the bearing 
(Fig. 19A) or in the shaft (Fig. 19B). An axial groove in the 
bearing is cut on the no-load side and distributes the lubricant 
along the bearing surface. 
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4 Guide Bearings: 

In vertical bearings serving as guide bearings the direction of 
the load is, generally speaking, indeterminate. In this case the 
lubricant is applied (Fig. 21A) into a circumferential groove in 
the bearing, at its top or at midlength for forced feed. 

Should the bearing be lubricated through the journal (Fig. 21B) 
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the oil hole opens into a circumferential groove cut in the bearing, 
no axial grooves being provided. 

The arrangement of Fig. 21B is satisfactory also for the case of 
a stationary shaft and rotating bearing. In both instances the 
groove would be operative as well when cut in the journal, leaving 
thus a smooth cylinder for the bearing surface. 

C Bearings with Oscillatory Motion. 

The mechanism of lubrication of bearings with oscillatory 
motion depends on the character of the load acting on the shaft. 
This may have a constant or intermittent direction of action. 

1 Direction of Load Constant: 

The velocity of sliding of the rubbing surfaces over each other 
is necessarily small in bearings with oscillatory motion. Therefore, 
a load-carrying liquid oil film cannot be built up between these 
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Under a steady 
load, the bearing, if not scraped in during erection of the machine, 
will seat itself in due time on the arbor, and conditions of semi- 


surfaces, as in bearings with rotating members. 


fluid lubrication will exist. | Under such circumstances the role of 
grooves is to provide a copious supply of lubricant to all parts of 
the bearing surface and to prevent the formation of dry spots. 
The oil penetrates readily from the groove into the capillary clear- 
ance between the rubbing surfaces due to its surface tension, 
which is generally high in good lubricants. 

The grooves can be arranged in many ways, provided the dis- 
tribution of the lubricant is satisfactory. Fig. 22 shows a simple 
arrangement where the lubricant is applied to a circumferential 
groove at the midlength of the bearing, while several axial grooves 
distribute the lubricant over the bearing surface. The lubricant 
may be conveniently fed, if so desired, through the shaft into 
the central groove. 

2 Direction of the Load Is Reversed During Oscillation: 

Under these conditions a state of fluid lubrication is possible, 
at least during a part of the motion, as was demonstrated in the 
first part of the discussion. The grooves must be arranged to 
insure an easy access of lubricant to the rubbing surfaces of the 
bearing when these are parted during the nonload phase of the 
bearing cycle. A slight vacuum is created then between these 
surfaces assisting to fill the clearance with oil. The shaping 
of the grooves must also take into consideration the prevention 
of air penetrating into the bearing clearance. 

The lubricant sucked into the clearance during the no-load 
phase is squeezed out back into the oil grooves while the rubbing 
surfaces are under compression. A system of diagonal grooves 
into which the lubricant is applied seems to be advisable in this 
case (Fig. 23), although this may be modified considerably, 
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without impairing its effectiveness, to suit local conditions of 
design and manufacturing. 

Grooving as in Fig. 23 is advisable also in the case of a bearing 
transmitting forces reversing periodically in direction, without 
any rotation of the bearing. In this instance the lubrication may 
produce a cushioning effect to soften the shocks at the moments of 
face reversal. 

Fig. 24 shows a stationary shaft with an oscillating bearing. 
The lubricant is supplied through the shaft. Two oil holes open 


into axial grooves on the shaft, the bearing having no grooves 
at all. 
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Thrust Bearings. 

Ordinarily small thrust bearings are made in the shape of a 
collar ring mounted on the arbor, more or less perfectly seated on 
a bearing collar. It is clear that a load-carrying oil film cannot 
be built up between the collar and bearing, since the two surfaces 
move parallel to each other. Semi-fluid lubrication with result- 
ing unavoidable wear exists in this type of thrust bearing. 

Large power machines use the Kingsbury type of thrust bearing 
in which the collar on the shaft rests on pivoted shoes mounted on 
the housing instead of the bearing collar. These shoes tilt 
slightly, a small fraction of a degree, to the surface of the shaft 
collar, thus providing a wedge-shaped oil film as in Fig. 1B. 
The shaft collar therefore floats on a load-carrying oil film with 
very small friction and with no wear of the bearing parts. 

There is no reason why simplified inclined-plane elements should 
not be introduced in small thrust bearings. Fig. 25 shows the 
pressure distribution (curve p) which may be expected in the 
clearance between a plane ab and a shoe mn gliding in an oil bath 
over the plane ab. The pressure builds up in the wedge-shaped 
oil film kn and causes a light pressure over the parallel part mk 
of the shoe. Naturally the clearance, as well as the angle of kn, 
must be very small. 

The actual application is shown in Fig. 26. Several radial 
grooves are cut in the thrust bearing, lubricant being fed into 
these grooves through an oil hole. The grooves are developed 
into inclined planes blending very smoothly with the bearing 
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surface. The operation of the thrust bearing depends essentially 
on the smoothness of the radius connecting the inclined planes 
with the bearing, since the pressure actually builds up in this 
place. The shaft collar must be of a width approximately 
equal to the distance between adjacent grooves. 

Fig. 26 shows a thrust bearing designed to operate only in 
one direction of rotation indicated by the arrow. By developing 
inclined planes on both sides of the radial grooves, a bearing opera- 
tive in both directions of rotation can be obtained, as shown in 
Fig. 27. 

The thrust bearing can operate with its axis of rotation either 
vertical or horizontal. A bearing able to take up thrust in both 
directions is obtained by mounting thrust bearings on both sides 
of the shaft collar, as in Fig. 28. 


E Guides With Rectilinear Motion. 


The motion of such guides being generally of an oscillatory 
character, the remarks concerning bearings with oscillatory mo- 
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tion hold also for grooving guides with rectilinear motion. Two 
different cases may be considered: (1) when the forces acting 
on the guide bearing do not change their direction throughout the 
motion, and (2) when the forces reverse their direction with the 
reversal of the guides motion. 
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Should the forces change their direction, fluid lubrication may 
be obtained by allowing the clearance between the shoe and the 
guide to be filled with lubricant during the no-load phase of the 
cycle. The lubricant then resists, due to its viscosity, being 
squeezed out during the pressure phase of the cycle. The grooves 
may be arranged as shown in Fig. 29, in order to secure an easy 
access of the lubricant to the shoe surface during the no-load 
phase of the cycle. 

With forces steadily pressing the shoe surface to the guide 
surface, grooving is insufficient to provide a load-carrying film. 
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When the movements of the guide are short, conditions of semi- 
fluid lubrication are unavoidable and the grooving must be de- 
veloped sufficiently to provide an ample oil supply to all points 
of the guide surface. If the movement of the shoes is of consider- 
able magnitude, the shoe may be supplied with a number of 
inclined planes, the same as described for thrust bearings. This 
is advisable only when the movement is considerably larger than 
the length of one element of the inclined plane. Fig. 30 shows 
such a guide shoe arranged to provide a floating action for both 
directions of motion. It must be noted that the inclined planes 
must be cut at a very small angle and a large radius must connect 
this plane with the surface of the shoe. 


GROOVES 


A proper cross-section of the grooves is very important for 
their satisfactory operation. The edges of an oil groove must 


be well rounded off, in order to eliminate “scraping off” the lubri- 
cant. Particularly, care must be taken to avoid sharp corners 
when the grooves are cut by means of a small cutter, hand-oper- 
ated. A large radius must connect the groove with the surface of 
the bearing to facilitate the entrance of the lubricant into the 
clearance between the rubbing surfaces of the bearing. 


CoNcLUSION 


The typical examples of grooving shown in the paper may be 
varied to suit conditions of a particular design; but unless it is 
unavoidable, the principles of lubrication brought forth in this 
discussion should not be disregarded in arranging the oil supply 
to and the grooving of a bearing. There is no doubt in the au- 
thor’s mind that a large number of machine-bearing troubles 
would be eliminated and wear would be decreased were more 
attention paid to the fundamentals of lubrication during the 
design of machines. 
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R. E. W. Harrison.? Reducing the matter to plain work- 
shop terms, Mr. Karelitz could define the theory of lubrication as 
“the elimination of metal-to-metal contact between adjacent 
working surfaces.” 

The writer has had some experience in the designing of pre- 
cision grinding machinery, where this problem is of major im- 
portance, as any error in the alignment of cylindrical grinding 
machines, where the work is carried between centers, is doubled 
in the resultant work diameter. In other words, if the guiding 
vee on the under side of the work table is out of alignment 0.0005 
in., the error on the work diameter manifested in a lack of paral- 
lelism will be at least 0.001 in. It will therefore be appreciated 
that there is the utmost necessity in a permanently successful 
cylindrical grinding machine for the elimination of metal-to-metal 
contact and consequent localized wear which would affect the 
alignment. 

A somewhat similar condition of affairs existed on the modern 
high-speed planing machine, and it was therefore only a matter 
of time before the planing-machine manufacturers were con- 
fronted with the need for a better system of lubrication than the 
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oil well and dipping rollers which had hitherto been sufficient to 
take care of the needs of the situation. 
To overcome this difficulty in the distribution of the lubricating 


oil, a pressure-feed system was evolved whereby the oil is fed to 


a pressure chamber in the under side of the table and circulated 
at about 4 lb. pressure. The oil is permitted to bleed from the 
oil grooves in the table, so that the ways of the machine are kept 
flooded with lubricant. This lubricating oil in its return to the 
pump is passed through a purifier which removes the impurities 
gathered from the guiding ways of the machine. A _ precisely 
similar system of lubrication has now been applied to the heavier 
types of precision grinding machines with very successful results. 

The writer has found by long, and in some cases costly, ex- 
perience that lubricating oil cannot be induced to enter between 
working surfaces and function as desired, unless a wedge-shaped 
entry is provided. Sharp edges on oil grooves, no matter what 
the position of the oil groove may be, completely prevent the 
functioning of the oil groove as a distributing medium. Gener- 
ally speaking, there is a growing tendency, based on this belief, to 
eliminate oil grooves as much as possible from both shafts and 
bearings and to rely on a distributing channel at some convenient 
point which will distribute the oil in approximately constant 
volume to the whole area under pressure. In every case, how- 
ever, the distributing channel must be provided with a wedge- 
shaped outlet, otherwise it completely ceases to function as a dis- 
tributor and becomes a reservoir only. 

Physical tests carried out on oil films indicate that a film of 
good lubricating oil has some rather remarkable characteristics 
particularly in respect to its pressure-sustaining qualities. In 
precision-grinding-machine practice it is usual to design slides 
with a maximum pressure not exceeding 15 lb. per sq. in., and 
although in some cases it is permissible to go up to 20 lb. per sq. 
in., the general practice is to make the slide so that the load per 
square inch of projected area is actually less than 10 lb. All 
experimentation, however, is to the effect that an oil film has 
practically no strength in shear, and it is therefore vital that the 
film is never subjected to this condition of stress. 

Spindles and bearings with surprisingly small clearances be- 
tween the working surface will function reliably and without 
undue heat, providing that the aforementioned elementary theo- 
ries covering the conditions of oil distribution are adhered to, 
but it is a matter of considerable surprise that many designers 
today consistently ignore these theories which are to be found in 
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almost any reliable textbook or work of reference on the subject. 

The Michell or Kingsbury patented bearing, the design of which 
is based on the wedge-entering theory of lubrication, is capable 
of withstanding abnormal pressures and demonstrates that, with 
well-machined surfaces and clean oil, thrusts and journal loads 
can be accommodated on plain surfaces which would otherwise 
necessitate the use of very expensive anti-friction mountings. 

Some interesting experiments were made by a large automobile 
manufacturer a few years ago, with a view to determining 
the effects of varying qualities of finish on the cylinder walls and 
piston skirts of the conventional-type automobile engine. These 
experiments brought to light two very interesting facts: 

1 The first was that working clearances must be accurately 
controlled within very close limits if the mechanism is to function 
reliably. 

2 Grinding of the cylinder walls and piston skirt was not suffi- 
cient to insure these conditions, as the fuzz or ridges left by the 
grain depth of cut of the grinding wheel proved to be a variable, 
which, when left to the process of time and working to remove, 
caused varying results to be obtained according to the type of 
system of distribution for the lubricant employed. The element 
responsible for this variable proved to be the amount of ferrous 
metal in suspension in the oil, which acted as an abrasive and 
continued as such unless the oil was completely changed. 

The results of this experimental work led to the addition of an 
extra process in finishing the cylinders; that is, it was decided to 
hone them to remove the minute ridges left by the grinding wheel, 
thereby giving the piston the benefit of a plane surface to work 
on. The quality of the finish on the pistons and ring surfaces 
was improved, so that these in turn were not subjected to undue 
wear during the first few hundred miles of operation. 

All this condenses down to the actual control of the space in 
which the oil film has got to work, and in the writer’s opinion it 
carries a very important lesson to designers in general, whch 
might be summarized under the heading of ‘‘Working-Clearance 
Control.” 

In most modern systems of manufacture, where tolerances are 
made as wide as practicable to permit the largest diameter of shaft 
to enter and work satisfactorily in the smallest-diameter hole, there 
are quite a good many possibilities of trouble, inasmuch as the 
condition referred to entails the minimum oil-film clearance 
between components which may have a comparatively rough 
finish, with consequent danger of rupturing the oil film. 
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The Use and Application of Machine Tools 


By L. L. ROBERTS,! DETROIT, MICH. 


N THE past four years there have been improvements in the 
design of machine tools that illustrate clearly that the manu- 
facturers of this equipment have realized that any develop- 

ments which will produce a greater output and at the same time 
maintain a high standard of quality are readily appreciated by 
the purchasers of their particular products. In the automotive 
industry this is surely demonstrated by the ever-increasing pur- 
chases of up-to-date machinery by the manufacturers of high- 
grade automobiles. 

Greater attention has been paid by the more progressive ma- 
chine-tool builders to the demands of the users of the machine. 
Makers of this equipment now embody in their designs a more 
rugged structure, simple feed mechanisms, automatic lubrication, 
alloy-steel heat-treated shafts and gears, easily renewable and 
adjustable slideways and bearings, and many other features 
that would affect the accuracy of the product of the machine; 
also protection for these parts is now universally provided for 
against grit and coolant. 

However, the problems of efficient tooling for these machines, 
for the proper exposition of their merit, is often a secondary con- 
sideration with the machine-tool manufacturer and often left 
entirely to the user to solve. Too much stress cannot be laid 
on the importance of proper tooling as regards the cutting tools, 
holcing jigs, and fixtures. 

The cutting tool set-ups should be so made as to allow for 
quick removal from the machine. The piping installation carry- 
ing the coolant to the cutters should be made to be readily de- 
tached or moved to facilitate their adjustment and replacement. 
Holding fixtures, essentially, should be so designed as to make 
possible the clearing of chips from their locating and clamping 
points with the smallest amount of time loss, after the removal 
of the part being machined. 

The selection of new machine equipment fully tooled for a 
particular job requires a thorough analysis of all the foregoing 
points on the part of the person or persons whose work it is to 
make the selection. 

The question has been often asked as to whether it is better 
for the prospective user of the machine tool to purchase a machine 
with complete tooling from the machine manufacturer or to buy 
the machine only and tool it up with the aid of the user's tool 
engineers. 

We have found that the most satisfactory practice is to have 
equipment builders submit complete proposals covering the tool- 
ing and the methods by which the operations are to be performed. 
Advice is usually given in advance by the prospective user as to 
the general requirements of production, quality of finish, toler- 
ances, previous operations performed, and the locating points 
to be used. 

Oftentimes the selection of equipment for an operation on 
some part to be machined involves competition between widely 
different types of machine tools in which the removal of metal 
may in one case be made with a machine employing steel or 
alloy cutting tools and in the other case with a machine using an 
abrasive wheel. Examples are given in the following two para- 
graphs. 

_ Certain parts difficult to clamp without springing under the 
* Mechanical Superintendent, Packard Motor Car Company. 
Presented at the National Meeting of the A.S.M.E. Machine 

Shop Practice Division, Cincinnati, Ohio, September 24-27, 192s. 
Note: Statements and opinions advanced in papers are to be 


understood as individual expressions of their authors, and not those 
of the Society. 
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cut were, on account of the nature of their design, considered 
more suitable for machining on a surface grinder than on a milling 
machine. Such parts as stamped crankcase-gear covers, side- 
wheel carrier brackets, exhaust and inlet manifolds, rear-axle 
cases, motor inlet and outlet water flanges, and rocker-lever 
housings have been economically machined on this type of 
grinder. Many of the parts listed were ground for one-half the 
former cost of milling. Not only was the operating time less, 
but the cost of the grinding wheel per piece was less than that of 
the milling cutters and their maintenance. 

Radical departures are often made from long-accepted methods 
of machining particular motor parts on account of some new ma- 
chine-tool improvement. As an example, there are eight balance 
counterweights assembled to a Packard crankshaft; and these 
counterweights were formerly forged, machined on two flat sides 
and the joint side by surface grinding, and then contour-turned 
in a lathe to a radius approximately the same as the crank- 
arm with a special fixture holding eight of the parts. As 2000 
of these parts are required daily, it will be seen that this method 
was quite costly and would require four grinders and two lathes. 
Two high-powered milling machines with hydraulic feeds are 
used instead; one machine for cutting the weights to length 
sixteen at a time from rolled bar stock, and the other machine 
for form-milling the radius formerly turned in lathes. 
two machines easily produce 2000 counterweights in a nine-hour 


These 


day. 

Instances could be cited where parts have been transferred from 
chucking machines to automatic lathes, and other parts from auto- 
matic lathes to chucking machines, and so on down the whole line 
of machine tools, and in each case it could be shown that some 
new development in the machine tool itself or in the method of 
equipping it with cutting tools has resulted in a decided decrease 
in the cost of manufacturing a certain part. The particular 
examples quoted are given only to furnish some idea of the many 
problems confronting both the vendor and the buyer when a 
selection of machine equipment is made. 

Production per man per hour is of more importance in the 
selection of a m chine than floor space, but economy in use of 
’ desirable, and a machine of compact design 
has many advai. ges over one with projecting arms, brackets, and 
levers, which ma 2 the latter type difficult to place in a progressive 
lineup as well esincreasing the possibility of damage in trans- 


floor space is v 


portation. 
Individual-m¢ 

costly installatic 

probably as gre: 


r drive is preferred, although it is a much more 

han belt drive, and the cost of maintenance is 
as the belt drive. However, the department 
with individual-1tor drive will show a saving in power consump- 
tion and will pre?ent a more clear-cut appearance. It also will 
lend itself more readily to the installation of conveyor chutes, etce., 
for the transportation of parts in process. 

Hopper feeds are very desirable and should be installed 
wherever the design of the part will allow their use without too 
many complications in the design of the hopper-feed mecha- 
nism. 

Another question asked frequently is as to what in particular 
actuates the purchase of new equipment other than for purposes 
of expansion. It has been the general policy of the Packard 
Company in the selection of replacement equipment to unhesi- 
tatingly purchase any single machine or battery of machines 
which, when all the factors involved in the computation of 
manufacturing costs are considered, shows that the installation 
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of the new equipment will pay for itself within a reasonable length 
of time through its greater efficiency. 

It has been our policy not to make extensive repairs to machines 
that are practically worn out and of an obsolete type. Extensive 
repairs are made only where the machine is of such a type as to 
be practically a special machine and where the new equipment 
to replace it would be of the same general design. 


Discussion 


J. E. Papacerr.? I can give expression to some things the 
buyer of machine tools runs into that might be of interest in a 
general way to the machine-tool industry. Rather recently, we 
established a new plant and put in a great many new machines. 
I have had experience with machines of the latest type. The 
type we have is making shock absorbers for the Ford. We have 
bought what we felt was the best machinery we could secure. 

The first criticism is that, say, 50 per cent of those machines 
did not give the accuracy of product that they had to give and 
were guaranteed to give. We had to go over these and rebuild 
them with men in our toolrooms who were just ordinary, all- 
round mechanics, and they put them in satisfactory condition. 
That is a thing the tool manufacturer should and could do far 
better than we could. Some of the tools were everything that 
was expected; others had to be rebuilt. I feel that the industry 
is subject to criticism. 

Accuracy is going to be a greater consideration. 
should make such a product that any one part out of a million 
will go together with any other part. Our product is getting 
more and more refined. There will have to be rigidity, freedom 
from wear, and lubrication. 

There is another point I wish to bring out. The salesmen came 
in by droves, knowing that we were purchasing a quantity of 
machinery. There are a few—I make that emphatic—a few 
salesmen who know their job, but there are many who are mere 
The few salesmen that know their job can tell the 
user of the machine exactly what it will do. They do not tell 
him it will do something that they know it cannot do. They do 
not tell him it will produce quantities that it cannot produce. 
They make a fair statement of their machine as to accuracy and 
production. After a few contacts with that kind of salesman the 
purchaser can trust him implicitly. When of two salesmen you 
know that one man always tells you the facts, tells you the dis- 
advantages as well as the advantages, you know that you can 
bank on him; the other man has put one over on you—you cut 
his statements more than they ought to be cut. The good sales- 
men, who know their product and will tell the truth about it, are 
worth very much more than the others who do not. 


A machine 


peddlers. 


Benj. P. Graves.? When we look back just a few years 


2 Spicer Manufacturing Corporation, Toledo, Ohio. 
3 Brown & Sharpe Mfg. Co., Providence, R. I. Mem. A.S.M.E. 


we see that there have certainly been rapid strides in the ma- 
chine-tool industry. Never in its history have we been so careful 
in the selection of the materials that go to make up the machine 
tools as well as the extra care that we are taking in designing in 
order to make our present-day machine tools stand up to the 
severe service that they are now called upon for their high-speed 
production. 

I was somewhat surprised to note the author’s feelings in 
reference to special tools designed for special service, and I 
would like to say in this regard that many times the machine-tool 
builders are asked to estimate on production and equipment for 
parts where we question very seriously as to whether our customer 
has given accurate and serious thought to his request, as we feel 
many times that it is a case of just ‘“‘passing the buck” of a serious 
problem to some one else. 

Many times a machine-tool builder, in designing special 
equipment, has only one guess, and he is just as apt to go wrong 
as he is to go right because of the lack of information that has 
been passed on to him, more especially in not being warned of the 
pitfalls that are known to the producers. This special equipment 
problem is running the cost of machine tools to an exceptionally 
high price, as it is getting to be a serious and tremendous task. 
When we look over our special-tool designing rooms we see in 
many cases that they are getting larger than the rooms used for 
our standard lines, and you can readily understand that the spe- 
cial work is not always the most profitable, as in many cases we 
take a very serious loss due to one or more causes that come up 
in our special designing. I do feel that the manufacturer of 
quantity-production parts should give the machine-tool builders 
all the assistance possible in forwarding to them all the in- 
formation that they can gather so as to relieve at least part of the 
burden that they are now carrying, in order to design special 
applications to be applied to their standard line of machine 


tools. 
AuTHOR’s CLOSURE 


As to the classification of machine tools, I have endeavored to 
indicate one classification—that is, a machine tool is merely a 
power-driven chisel, a cutting chisel; and other machinery repre- 
sents a power-driven hammer. I do not know whether I answer 
the question sufficiently or not. 

The other question asked was, What is considered a good factor 
of rigidity? There is much latitude in that. In checking up the 
factors, we have the factor of safety. If that is overdone, you 
have a tool that is of no use. Some allowance can be made for 
wear in heavy work. You can have a factor of rigidity—a factor 
of safety of, say, 10 to 1; it may go up to 15 to 1. That is, a 
press will have 100 tons capacity with a factor of safety of ‘5. 
That is all the machine should be used. Where you are using a 
machine for a specific purpose, such as a lathe, you must have a 
factor of rigidity from 30 for rough work up to 100 for refined 
work, and you go up to 200 to 1. 
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Mechanical Applications of Chromium Plating 


By W. BLUM,? WASHINGTON, D. C. 


After giving particulars regarding the physical properties of 
chromium such as hardness, thermal expansivity, density, melting 
point, electrical conductivity, and adherence, the author discusses 
the uses to which chromium plating, by reason of its wear-resisting 
qualities, has been more or less successfully put: namely, its ap- 
plication to gages and other measuring devices; to drawing, forming, 
stamping, and molding dies; to rolls for forming metals; to tools for 
cutting metal; to bearing surfaces in machinery, etc. He shows 
how in addition to savings due to the longer life of chromium- 
plated tools and parts, there are savings much greater in amount 
resulting from reducing the number of times that machines must be 
stopped for their replacement. 


I—INTRODUCTION 


r WO years ago, in summarizing the status of chromium 
plating at the Annual Meeting of the Society,* the author 
referred to it as the sensation of the plating field. The 

phenomenal developments in the last two years, especially in 
the automobile and plumbing industries, have now made chro- 
mium commonplace, and before long it will probably entirely 
supersede nickel as the finish on exposed metal parts of such 
products. The extent and importance of these applications of 
chromium plating for outside finish are obvious, even to the man 
in the street; and while there are many unsolved problems in 
connection with such uses, there is no need to suggest or urge 
their investigation. 

Simultaneously with the extensive use of chromium plating 
for the finish on exposed metal, its application for “wear resist- 
ance’ has received careful consideration in many and varied 
industries. Such uses of chromium, even when successful, are 
less conspicuous, because the plated articles are mostly employed 
within the factory. In consequence it has been difficult to de- 
termine the extent to which any given application has been in- 
vestigated, and with what results. In order to foster the adop- 
tion of successful uses and the further study of those that are 
promising, and at the same time to obviate the repeated trial of 
unpromising applications, it seems desirable to summarize the 
existing information and experience. 

In the following attempt to survey the present status of the 
mechanical uses of chromium plating, the author has acquired 
most of his information from visits to and correspondence with 
industrial firms. Experience shows that while laboratory tests 
are of value for defining the properties of a metal and for indicat- 
ing its promising uses, the conditions in manufacturing plants 
often involve so many undefined or uncontrolled variables that 
the actual value of a metal for a given process must be determined 
empirically. Even with the cordial cooperation of the many 
persons who have furnished information both orally and in 


' Published by permission of the Director of the Bureau of Stand- 
ards. (The information upon which this survey was based was ob- 
tained from so many sources that it is impracticable to make in- 
dividual acknowledgments. The author desires, however, to express 
his appreciation to fifty or more persons and firms who have furnished 
valuable data obtained in plant operation. He is also indebted to 
humerous colleagues at the Bureau who have conducted tests and 
furnished helpful suggestions. ) 

* Chemist, Bureau of Standards. 

_ *See “Chromium Plating,’’ by Wm. Blum, Mechanical Engineer- 
ing, vol. 49, no. 1, January, 1927, p. 33. 

Contributed by the Machine Shop Practice Division and pre- 
sented at the Annual Meeting, New York, December 3 to 7, 1928, of 
Tur American Society oF MECHANICAL ENGINEERS. 
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questionnaires, it was difficult in some cases to reconcile appar- 
ently conflicting statements, and to reach generally applicable 
conclusions. Such conclusions as will be presented in this paper 
must therefore be considered as tentative, and are published 
largely in order to stimulate more extensive quantitative studies 
upon the value of chromium for various purposes. 

Most of the applications of chromium plating depend either 
upon its resistance to tarnish, or upon its hardness and wear 
resistance. Some uses, e.g., on plumbing fixtures, involve both 
of these properties. The present paper will be confined, however, 
to those articles on which chromium is applied principally in 
order to increase the resistance to wear or abrasion, and on which 
appearance is a subordinate or negligible consideration. Even 
for these uses, however, the protection against tarnish and cor- 
rosion that may be furnished by the chromium is an added, 
though secondary, advantage. 


II—PHYSICAL PROPERTIES OF CHROMIUM 


The value of chromium for any given mechanical application 
may depend not only upon its “hardness” (however that may be 
defined), but also upon other properties such as tensile strength, 
ductility, thermal expansivity, density, melting point, electri- 
cal conductivity, adherence, and interfacial relations in contact 
with liquids or solids. Unfortunately very few of these proper- 
ties have been quantitatively measured, and even when data are 
available in the literature, it is not always certain whether they 
refer to electrolytic chromium or to that produced by other 
methods and possibly having different compositions and proper- 
ties. Pending the more exact determination of these properties, 
a qualitative or semi-quantitative discussion of them may be 
helpful. 

Hardness. Of the various means used for measuring the hard- 
ness of metals, only the scratch hardness method is applicable to 
the very thin films, e.g., 0.0001 in. to 0.001 in. thick, of chromium 
that are usually employed on mechanical equipment. Methods 
such as the Brinell and its modifications require much thicker 
deposits in order to eliminate the effect of the base metal. It is 
not safe to assume that the actual or relative hardnesses of very 
thick deposits will be the same as those of thin films. 

In a recent study of the scratch hardness of electrodeposited 
chromium, L. E. and L. F. Grant‘ confirmed previous observa- 
tions that the hardest chromium is harder than any other metals 
or alloys thus far tested. It is important to note, however, that 
they obtained relatively large differences in the hardness of 
deposits produced under different conditions. It was found that 
the hardness is increased by an increase in the current density 
or by a decrease in the temperature of deposition. In general, at 
a given temperature the hardest deposits are produced with the 
maximum current density that will not produce “burning.” 
These observations are consistent with what might be predicted 
from general principles of electrodeposition. Reports from Ger- 
man investigators indicate that the hardness and other properties 
of chromium are determined to some extent by its content of 
hydfogen, which in turn may depend upon the conditions of 
deposition and the treatment after deposition. This subject 
deserves more exhaustive study. 

At best the scratch hardness method is difficult and tedious 
to apply, especially when, as with chromium, the scratch is very 
narrow. Independent observers may record quite different 


4 Trans. Am. Electrochem. Soc., vol. 53 (1928), p. 509. 
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values, according to the illumination and the definition of the 
scratch. At present, therefore, the method must be considered as 
a relative rather than an absolute or quantitative procedure. 
Possibly more study and experience may lead to refinements 
which will overcome these limitations. 

Some measurements of the Brinell hardness of chromium by 
F. Adcock® show that the hardness may be very greatly affected 
by treatment subsequent to deposition. Electrolytic chromium 
with a hardness of about 600 had, after being heated in vacuo at 
900 deg. cent., a value of only about 200. When, however, it was 
heated in hydrogen at 1500 deg. cent. the hardness was reduced to 
about 80. Adcock attributes the initial hardness partly to the 
presence of hydrogen or oxygen in the deposits. These observa- 
tions have no direct bearing upon the wear resistance of chromium 
as deposited, but they emphasize the fallacy of heating to high 
temperatures (e.g., in order to produce “alloying’’) deposits which 
are to be subjected to wear. FE. A. Ollard® in a discussion of the 
crystal structure of electrolytic chromium, stated that a deposit 
for which he reported a hexagonal space lattice, had a Brinell 
hardness of 900. As pointed out by F. Sillers in that discussion, 
measurements of Brinell hardness above 700 are of doubtful signifi- 
cance, owing to the probable deformation of the ball. 

Even more important than the measurement of hardness is 
the relation of the results to the wear resistance under any given 
conditions. Few quantitative data are available on this subject. 
Results with currency printing plates show that under the condi- 
tions of their use (abrasion by the pigments present in the ink) the 
best service is obtained from plates produced at such a current 
density as to cause a slightly frosty appearance. Such deposits 
were found in the above-mentioned studies of the Grants to have 
the greatest scratch hardness. Other conditions of service, 
however, such as on gages, dies, etc., may involve so many factors 
other than simple abrasion that it is unsafe at present to predict 
the service of a given metal from any simple hardness measure- 
ments. 

Tensile Properties. So far as known, no data are recorded 
upon the tensile strength and ductility of electrolytic chromium; 
probably because of the great difficulty of preparing suitable 
test specimens. Qualitative tests show that it is extremely 
brittle, i.e., its ductility is almost zero. This fact largely ac- 
counts for the tendency of relatively thick chromium deposits to 
chip or flake when subjected to impact. 

Thermal Expansivity. The adherence of chromium to the 
underlying surface when heated, either directly as in a glass 
mold, or indirectly as on a cutting tool or forming die, depends 
partly upon its coefficient of expansion, or more strictly upon 
the relation between the coefficients of chromium and of the base 
metal. The available data on the coefficient of electrolytic 
chromium are probably not of high accuracy, on account of the 
difficulty of preparing long, coherent specimens. The linear 
expansion coefficient given in I.C.T. (International Critical 
Tables) for the range from 0 to 500 deg. cent. (32 to 932 deg. fahr.) 
is 8.1 X 10-*. This value is very similar to those for glass and 
platinum, and much less than those for iron, copper, nickel, zine, 
and most of the common alloys. This fact undoubtedly accounts 
for part of the difficulty experienced with flaking of chromium 
from articles subjected to high temperatures in service. It also 
suggests the possibility that for special uses, alloys with an ex- 
pansion coefficient closer to that of chromium might be employed. 
Data in I.C.T. indicate that certain alloy steels have expansion 
coefficients of about 10 X 10-*. Whether for a given purpose 
such alloys are applicable and economical would require investi- 
gation. 

Density. The density of electrolytic chromium is chiefly of 


6 Jl. Iron & Steel Inst., vol. 115 (1927), no. 1, p. 369. 
€ Trans. Ain. Electrochem. Soc., vol. 53 (1927), p. 307. 
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interest because it serves as a basis for the calculation of the 
average thickness of deposits from their weight and area. So 
far as known, the density of electrolytic chromium has never been 
accurately determined. The value of 7.1 for cast chromium given 
in I.C.T. may be employed pending measurements on electro- 
deposited chromium. It is not unlikely that the density of the 
latter may vary slightly with changes in conditions of deposition, 
and in its content of absorbed hydrogen. 

Melting Point. The high melting point (1615 deg. cent. or 
2940 deg. fahr.) of chromium makes it very unlikely that the plated 
coating will actually fuse under any conditions to which it is 
subjected in mechanical equipment, as this melting point is 
appreciably higher than that of any common metal that may 
underlie the chromium. 

Electrical Conductivity. It is at least possible that in special 
applications of chromium to parts required to conduct current, 
the conductivity of the chromium may be significant. The ac- 
cepted value (in I.C.T.) for the resistivity of chromium is 
2.6 X 10-§ ohm-em., a value almost identical with that for alum- 
inum, and less than that of other metals except silver, copper, and 
gold. It does not follow, however, that the resistance of a con- 
tact between chromium and another metal will be low. A few 
observations show that it may be rather high and erratic, possi- 
bly because of surface films, which may also account for the 
passivity and tarnish resistance of the chromium. The extreme 
hardness of the chromium also hinders intimate contact. 

Adherence. The occasional failure of electroplated chromium 
to adhere to the base metal under severe conditions of service is 
one of its serious limitations. The adherence no doubt depends 
upon (1) the conditions of deposition, which determine the struc- 
ture, hydrogen content and ductility of the deposit, (2) the com- 
position of the base metal, (3) the method of cleaning or preparing 
the base metal, and (4) the conditions of service, including the 
temperature, and the nature and magnitude of the strain imposed 
upon the coating. In the absence of any satisfactory quantita- 
tive method of measuring adhesion, it is possible to make only 
qualitative comparisons. 

The conditions of deposition undoubtedly have a marked effect 
upon the properties and adherence of the chromium. As pre- 
viously noted, the hardest chromium is produced at relatively 
high current densities. But it has also been observed by English, 
German, and American investigators that chromium deposits, 
especially those produced at high current densities, may have on 
the surface a network of hair-line cracks. Such cracks un- 
doubtedly tend to reduce the adherence of the deposits. It is at 
least probable that for severe conditions of service, those conditions 
of deposition may be most favorable which will produce deposits 
with less than the maximum hardness, but with slightly greater 
ductility and adherence. Further experiments will be required 
to define such conditions. 

In general it is not so difficult to obtain satisfactory adherence 
of the chromium to a plain carbon steel, even when case-hardened, 
as it is to certain of the alloy steels that are used for tools and 
dies. The information obtained regarding the compositions of 
the steels was not adequate to show the exact relation between 
the type of steel, the preferred method of plating, and the ad- 
herence of the deposit. This subject warrants careful study. 
A few observations indicate that it is more difficult and requires a 
higher current density to produce satisfactory deposits on stecls 
containing chromium and tungsten than on other steels. 

In preparing the surface it is of course necessary to insure per- 
fect cleaning, and especially the removal of any oxide coating. 
In addition, it has sometimes been found advantageous to employ 
a reverse current, i.e., to make the article the anode for a minute 
or less before making it the cathode and depositing upon it. 
Here again there is no conclusive evidence as to whether for any 
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given steel such treatment materially improves the adherence. 

Interfacial Relations. It has been frequently observed that 
many liquids, including water and even molten metals, do not 
readily wet a chromium surface. This behavior, which may be 
due to surface films, materially increases the tarnish resistance 
and protective value of the chromium coating. Similar observa- 
tions have been made regarding the contact of chromium with 
metals or other solids. Thus it is claimed by many that chro- 
mium-plated files do not hold particles of metals or other materials 
No quantitative 
measurements of these properties have been reported. They 
deserve investigation, however, as they may determine the suit- 
ability of chromium for many specific purpos?s. 

The value of chromium upon bearing surfaces may depend not 
only upon its coefficient of friction under given conditions, but 
also upon its ability to resist abrasion and chemical action, and 


as tenaciously as do the unplated surfaces. 


thus to maintain for a longer period the initial condition of the 
surface. A few preliminary observations by W. H. Herschel 
at this Bureau indicate that with a given oil a slightly dull 
surface of chromium has a lower coefficient of friction than a 
polished surface. The possible significance of this difference 
(which is observed also with other metals) is that the chromium, 
because of its hardness, will preserve this dull surface better 
than other metals. Another possible advantage of chromium 
upon a bearing surface is that it may then be possible to lubricate 
with an oil such as lard oil, which produces a low coefficient of 
friction but which cannot be used on those bearing metals which 
are attacked by any free acid liberated from the lard oil. 
II—TYPICAL APPLICATIONS 

The uses for which chromium plating has been tried or sug- 
gested are so numerous, and many are apparently so unre- 
lated, that it is difficult to devise any logical or helpful classifica- 
tion of them. For convenience they will be divided into (A) 
those applications to machinery or tools used in the manufacture 
of other articles, and (B) applications to improve the operation of 
finished machinery or equipment. Such a classification is not 
rigid or exclusive, as equipment referred to under B may in some 
cases be used in the processes of A. 


A— FABRICATION OF METALS AND OTHER MATERIALS 


The devices employed for the fabrication of articles from metals 
or other materials include those used for (1) measuring, (2) 
forming, and (3) cutting. These may conveniently be considered 
in this same order, which is that of increasing severity of service. 


Measuring Devices 


Chromium plating has proved especially valuable on measuring 
devices, because its resistance to abrasion decreases the tendency 
for any change in dimension, or for any obliteration of graduation 
marks. The latter factor justifies its use on linear scales, verniers, 
micrometers, tapes, etc. During the past few years it has been 
applied successfully upon the 50-meter base-line tapes used by the 
U.S. Coast and Geodetic Survey. For this purpose the chro- 
mium is plated for only a short distance on each side of the 
principal graduations. Experience has shown that on the chro- 
mium-plated tapes the graduation marks retain their definition 
much better than on the plain tapes. 

Chromium has been more extensively and more successfully 
applied upon plug gages than on any other measuring devices. 
Of the numerous replies received on this subject, all were favor- 
able except one, and the life of the plated gages in service was es- 
timated to be from three to ten times that of the unplated gages. 
These experiences furnish a striking confirmation of the results 
obtained by H. J. French and H. K. Herschman’ in laboratory 
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studies with a gage-wear testing machine. Their experiments 
showed that the chromium-plated gages were superior to any 
others tested when used in contact with steel, cast iron, or an 
aluminum alloy. 

Although it is ppssible with proper control of the plating process 
to deposit upon a gage exactly the requisite thickness of chro- 
mium, and to use the gage without subsequent lapping, experience 
has led in almost every case to the deposition of a somewhat 
thicker coating, the excess of which is then ground or lapped off. 
The data received include thicknesses from 0.0002 in. to 0.004 in. 
The thickest coatings were applied for bringing greatly under- 
sized gages to dimension. In general the chromium coating 
should be thick enough so that it will not be penetrated when the 
gage is worn down to its lower wear limit. It is then a simple 
matter to strip off the chromium (e.g., by a reverse current in a 
sodium hydroxide solution) and to replate to the desired dimen- 
sion. While of course the minimum thickness required will 
depend upon the dimensions of the gage before plating, there is 
no evident advantage in applying more than 0.001 in. of chro- 
mium, and for many purposes half that thickness is adequate. If 
the gage is made to be about 0.0008 in. undersize (in diameter) 
a deposit with an average thickness of 0.0006 in., corresponding 
to an increase in diameter of 0.0012 in., will usually be sufficient 
to leave a thickness of 0.0004 in. after lapping to the right size. 
If then the wear limit of the diameter is 0.0003 in., the gage will 
still have a coating of chromium about 0.00025 in. thick when it 
is returned for replating. 

Although chromium-plated thread gages are now used in sev- 
eral plants, there is still much uncertainty and skepticism regard- 
ing their reliability. This doubt arises from the difficulty of de- 
positing chromium uniformly upon the surface of the threads. 
In any plating process the deposit is always thinner in a depres- 
sion than upon a projection, and this difference is accentuated 
by the notoriously poor “throwing power” of the chromium- 
plating bath. Asa result of the uneven distribution of chromium 
upon the threads, not only the diameter of the gage but also 
the thread angle is altered. The probable magnitude of such 
changes was determined in a few measurements made at this 
Bureau by D. R. Miller. Two thread gages, each */, in. in diam- 
eter and with 18 threads per inch, were plated with chromium 
under the same conditions, except that one (No. 13) was plated 
twice as long as the other (No. 26). The changes in dimension 
caused by the plating are shown in Table 1. 


CHANGES IN DIMENSION PRODUCED BY CHRO- 


MIUM PLATING ON THREAD GAGES 
Change in pitch diameter ot +0.00022 in. 
Change in diameter just below crest +0. 00046 in. 
Change in included angle ... min. 
Average perpendicular thickness of chro- 
mium (i.e., one-fourth of the change in 
diameter) 
a At pitch line 
6 Near the crest 


TABLE 1 


13 
+0.00061 in. 
+0. 00118 in. 
—51 min 


0.00015 in. 
0.00030 in. 


0.00005 in. 
0.00011 in. 

From these results it is evident that, under the plating con- 
ditions employed, the coating was about twice as thick near the 
crest as at the pitch diameter. Observation showed that at the 
roots of the threads it was very thin and even lacking at some 
points. It is also evident that with the thicker coating (No. 13) 
the decrease in included angle was so great as to take it outside 
of the usual tolerance (unless the original thread was deliberately 
made with an included angle greater than 60 deg., e.g., 60 deg. 
30 min.) 

In order to determine whether by any simple changes in the 
plating process a more uniform distribution of the chromium could 
be obtained, another thread gage (1 in. in diameter and with 
8 threads per inch) was plated successively under different con- 
ditions and remeasured. The results indicated that the distribu- 
tion was very similar to that on the two gages above mentioned, 
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and was not appreciably improved by changes in the plating 
conditions. 

These few experiments with thread gages, which we hope to 
continue, at least show that when any appreciable thickness of 
chromium is applied, the changes in pitch diameter and major 
diameter and in the included angle are likely to be greater than 
the normal tolerances for such dimensions. It will therefore 
usually be necessary to regrind the gages after plating, unless 
they have been previously so ground as to allow for the uneven 
distribution of the chromium. The latter procedure is probably 
feasible if a large number of similar gages are being made and 
plated. 

The data obtained regarding ring and snap gages indicate that 
chromium plating increases their life to about the same extent as 
it does on plug gages. It may safely be stated, therefore, that 
chromium plating will prove valuable upon any measuring device 
which is subject to abrasive wear in service, provided the shape 
is such that the chromium can be applied with reasonable uni- 
formity. 


Forming of Metals 


Drawing Dies. The information received shows an apparent 
contradiction in that dies and mandrels used for tube drawing 
were generally reported as satisfactory (with one exception), 
while wire-drawing dies were usually unsatisfactory. The latter 
were reported as failing through flaking or peeling of the chro- 
mium, and subsequent scratching of the wires. The only obvious 
explanation of this discrepancy is that the apertures in the wire 
dies are usually much smaller and therefore more difficult to 
plate uniformly than those in the tube dies. This tentative 
explanation is supported by the fact that the tube-drawing dies, 
even when successfully used, are less satisfactory than the 
mandrels. This illustrates the difficulty of obtaining a clean 
surface and a permanently adherent, uniformly distributed de- 
posit upon the walls of a tubular hole, unless the latter is rela- 
tively large. In one plant a chromium-plated wire-stranding die 
has yielded over twice the normal service. 

In connection with the manufacture of hot-rolled seamless 
steel tubes, the successful use of chromium-plated drift balls 
was reported. This application no doubt rests partly upon the 
resistance of the chromium to oxidation at the elevated tempera- 
tures employed, as well as upon its resistance to abrasion. 

Forming Dies. Very favorable reports were received regard- 
ing the value of chromium plating upon dies used for forming 
sheet steel and brass. In some cases the life of the dies is in- 
creased up to eight times the normal service. One special 
advantage observed with the chromium-plated surface is that the 
metal does not stick to it as much as to steel. It is signifi- 
cant that the thickness of the chromium coating on these dies is 
usually less than 0.0005 in. 

Stamping Dies. In those cases where the metal is formed, or 
a design produced upon it, by a sudden impact instead of by a 
steadily applied pressure, the chromium coating is of doubtful 
value. This is because under such severe conditions the chro- 
mium tends to flake or chip, probably because the underlying 
metal, even when it is case-hardened, is at least temporarily 
deformed. In such cases success is more probable with thin than 
with thick coatings. A few experiments, not yet completed, 
upon coinage dies at the U. S. Mint in Philadelphia, illustrate 
this difference. Those dies with a coating of 0.0005 in. or more 
of chromium all failed in a comparatively short time. Those 
with only 0.0002 in. of chromium lasted slightly longer than the 
steel dies, and yielded consistently sharper impressions. While 


the advantages gained with the chromium-plated dies have not 
yet warranted their general application at the Mint, they are 
still under consideration. 


In connection with these experiments it was found that the 
hardened steel collars which hold the coin blanks and fix the 
diameter of the coins, could have their life greatly increased by 
chromium plating. Thus for the five-cent coins, composed of 
a nickel-copper alloy, the average service of the chromium-plated 
collars is about 600,000 pieces, i.e., three times that of the un- 
plated collars. As moreover the chromium can be stripped at 
intervals and the collars replated, their life is made almost 
indefinite and, what is more important, the resultant coins are 
of more nearly uniform size. 

One plant reported favorable results with dies used in hot 
forging. If this experience is confirmed, the improvement may 
be due at least as much to the protection furnished by the chro- 
mium against oxidation as against abrasion. This application is 
somewhat similar to the use of chromium on glass molds that has 
been reported both in Germany and in America. 

Both spinning and burnishing tools may be classified as form- 
ing devices, even though the action of the latter is confined to 
the surface. Several favorable reports were received upon both 
of these applications of chromium, though one person found dif- 
ficulty with flaking of chromium from the burnishing tools. It 
is not clear whether this discrepancy was due to the quality of 
the plating or to the character of the metal burnished. A few 
observations at the Bureau upon spinning tools showed very 
favorable results for the chromium. 

Molding Dies. One of the most successful applications of 
chromium is upon dies used for molding plastic materials such 
as rubber, bakelite, ceramic clays, etc. The increased service 
observed is due not only to the resistance of the chromium to 
abrasion by particles in the molding compound, but also to 
corrosion by sulphur, phenol, water, or other substances present 
in the materials. Large chromium-plated metal sheets are being 
used successfully in the presses employed to produce insulating 
materials such as those composed of fiber and a phenol condensa- 
tion product. 

Rolls for Forming Metals. Numerous inquiries received re- 
garding the use of chromium upon steel rolls employed for either 
hot or cold rolling of metals, indicate an interest in this subject 
upon which, however, no definite information has been obtained. 
The great size and weight of the rolls used in many operations 
render their plating somewhat difficult. This application at 
least warrants careful study. Rolls used for finishing sheet 
metal would almost certainly have their life increased by plating. 

Upon rolls used for crushing hard materials such as rocks, the 
chromium may be less promising, as the conditions of service are 
very severe, and are likely to lead to fracture and flaking of 
the chromium. In some cases chromium-plated rolls used for 
crushing softer materials such as cereals have proved very much 
superior to hardened steel. 


Cutting of Metals 


The data received regarding chromium on tools used for cutting 
metals are more variable and less favorable than those for any 
other uses. The general difficulty may be summed up by saying 
that if the chromium is thick enough at or near the cutting edge 
to exhibit its great hardness, it is likely to fracture, and if too 
thin, it soon wears off the edge and offers little advantage. Never- 
theless a sufficient number of successful applications were re- 
ported to show that, for some purposes at least, chromium de- 
serves careful consideration. The value of chromium is no 
doubt affected by such factors as the angle and type of the cut- 
ting edge, the speed of cutting, and the material being cut. In 
at least a few cases favorable results have been obtained by plat- 
ing only one side of the tool with a fairly thick chromium deposit. 
The tool can then be ground repeatedly upon the steel side, 
thus always leaving a cutting edge of chromium. 
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Blanking dies furnish a good illustration of the difficulties 
with chromium plating, especially when they are used on hard 
metals such as steel. The impact is such that any fairly thick 
deposit is likely to flake, and thin deposits usually add but little 
to the service. On the other hand, such tools as milling cutters, 
reamers, drills, and taps have frequently shown a material in- 
crease in service after plating. Even then, however, the results 
are likely to be erratic. The most consistent gains are obtained 
when cutting such substances as slate, asbestos board, and bake- 
lite, which materials, though commonly referred toas “‘soft,’’ cause 
rapid wear of steel tools. 

The experience with saws of various types is like that with 
other cutting tools. If a thick coating is applied there is a 
marked tendency for the formation of nodules or “trees’’ upon the 
points of the teeth. These dull the points, and if, as usually oc- 
curs, they break off in service they leave the teeth rough and 
irregular. For such articles it is therefore preferable to use 
relatively thin coatings. This conclusion is confirmed by the 
results reported for hack saws. Even with the thinner coatings 
they were not so satisfactory for cutting steel as for materials 
such as slate and asbestos. 

In this connection a few experiments are in progress at the 
Bureau by J. R. Freeman, Jr., upon cutting steel rails with a 
power saw and high-speed (tungsten) steel saw blades. Some 
difficulty was encountered in getting a uniform coating of chro- 
mium on this alloy, and a very high current density was required. 
Owing to the tendency to pile up chromium upon the teeth, the 
thickness there was indeterminate, but certainly much greater than 
the average thickness computed from the current density and 
time of plating. With an average thickness of about 0.0004 in. 
there were very pronounced nodules on the teeth, and it required 
considerably longer to cut through a rail than with the unplated 
blade. Even with much thinner coatings, for example, those 
having an average thickness of about 0.00005 in., the initial 
speed of cutting was slightly decreased, showing that there was 
some dulling of the edges. Some time will probably elapse 
before conclusive data upon the useful life of the plated saws will 
be obtained. 

The results reported for files were somewhat similar to those 
for saws, in that any appreciable thickness of chromium tends to 
dull the files. It was reported by several persons that chromium- 
plated files show much less tendency to clog in use than unplated 
files. Whenever a material tends to fill the files, the use of light 
chromium coatings may be justified, even though the useful life 
of the file may not be greatly increased. In some cases, however, 
an increase to double the original service was obtained. 

A few reports upon woodworking tools, including saws, chisels, 
and lathe tools, show that their life is very greatly increased by 
the use of chromium coatings. Results with rock drills are still 
uncertain. Experiments are also being made by one firm upon 
chromium-plated plowshares. For this purpose the resistance 
to corrosion may be helpful, even if the actual cutting edge is 
not greatly improved. 


B—OPpeERATING MACHINERY 


In spite of the apparently obvious applicability of chromium 
upon all parts of machinery that are subject to wear in service, 
such use is still far from being a general or even a preferred prac- 
tice. The failure to adopt chromium for such purposes may be 
due to various causes, including the size or inaccessibility of many 
of the parts, and the fear that if the chromium should become 
detached from a bearing surface, the particles would serve as 
an abrasive and cause permanent injury to the mechanism. 
While the latter possibility warrants careful consideration and 
proper caution, the probability of its occurrence is not evident 
from the meager data available. These data, however, refer 
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mostly to successful applications and furnish little or no evidence 
regarding many types of machinery upon which the chromium 
may have been tried and found wanting. If, as was suggested 
earlier in this paper, a lower coefficient of friction can be obtained 
and maintained on a chromium surface than on other metals, 
the use of chromium on bearing surfaces may prove beneficial. 
There is no justification, however, for assuming that the use of 
chromium will obviate the necessity for lubrication. 

Although the automobile engine is a mechanism upon which 
the application of chromium would appear promising, very few 
such uses have ever been made on a production scale. Chro- 
mium-plated piston pins, employed on one make of car, owed their 
selection as much to protection against corrosion by sulphur 
compounds as to resistance to abrasion. Efforts to plate pistons 
with chromium have not been entirely successful, though con- 
siderable attention is now being given to this possibility on air- 
craft engines. It has been recently reported that on one of the 
cars in the Indianapolis races chromium-plated steel journals were 
successfully used in aluminum-alloy bushings. If this experience 
is confirmed it indicates that the successful use of chromium on 
bearings may depend upon and permit the use of bearing metals 
different from those commonly used. 

In a few cases chromium-plated gears have proved satisfac- 
tory. Such uses are, however, most promising upon light equip- 
ment such as speedometers, counting machines, ete. For such 
purposes they have reduced the noise of operation and also in- 
creased the useful life. 

One strikingly successful application of chromium plating has 
been on 9-in. piston rods of Diesel marine engines. These rods 
run in a cast-iron packing with only moderate lubrication. It 
was found that the application of 0.003 in. of chromium to the 
surface of the rods resulted in smoother operation and less diffi- 
culty in lubrication. The unplated rods lost about 0.001 in. in 
diameter for every 5000 miles of service, while the chromium- 
plated rods required 45,000 miles of operation to produce this 
same lossin diameter. Incidentally these piston rods, which were 
water cooled, were also plated on the inside with chromium, 
which greatly reduced the corrosion. 

Although printing plates are not ordinarily considered as a 
part of a machine, they virtually become a part of a printing 
press when in use. The experience with printing plates may 
therefore be suggestive. Currency plates consisting of electro- 
lytic nickel coated with chromium yield about twice the number of 
impressions obtainable from case-hardened steel plates. Curved 
stamp plates, made of case-hardened steel and chromium 
plated, yield about double service, and can be stripped and re- 
plated several times before being worn out. Nickel electrotypes 
when chromium plated produce from 3 to 5 times the normal 
number of impressions, and are therefore extensively used for 
long editions, e.g., those of wrappers, labels, and cartons. It 
should be noted, however, that in all these applications the chro- 
mium is valuable for its resistance to abrasion, and does not materi- 
ally add to resistance to deformation or fracture if for any reason 
the plate is subjected to an excessive strain or sudden shock. 

IV—CONCLUSIONS 

Chromium plating owes its application upon mechanical equip- 
ment primarily to its great hardness, as exhibited in its resis- 
tance to abrasion. The chief limitation in the use of chromium 
for such purposes is its extreme brittleness, which may cause it 
to crack and flake when deformed. The most successful mechan- 
ical uses of chromium are upon measuring instruments such as 
gages of all types, the service of which is often multiplied several 
fold. Upon forming and molding dies it is generally satisfactory 
and beneficial, especially if the conditions do not involve too 
severe impacts. Upon cutting tools it is of doubtful value, 
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though in numerous applications it has proved successful. Upon 
moving parts of machinery there have been but few successful 
applications, but these indicate that with further study many 
such uses may be developed. 

It is impossible to estimate even roughly the savings that have 
been or may be accomplished through the use of chromium on 
mechanical equipment. The cost of the tools or devices that 
may be dispensed with because of the greater life of those that are 
chromium plated, represents only a small part of the economic 
gain. The money saved in reducing the number of times that a 
machine must be stopped for replacement of a tool or die may 
amount to many times the cost of the device. Perhaps the 
greatest gain is the somewhat intangible but far-reaching bene- 
fit arising from the manufacture of more uniformly dimensioned 
parts, whereby the useful life of a machine such as an auto- 
mobile may be materially lengthened. 

Chromium plating is not a panacea for wear. An everlasting 
tool or machine is as visionary as perpetual motion. Chromium 
plating has, however, solved many machine-shop problems, re- 
duced costs of operation, and improved the quality of the prod- 
ucts. When we recall that almost all this progress has been 
made in less than three years, there is good reason to hope and to 
believe that with the large number of investigators now at work 
on this subject, even greater results may be expected. 


Discussion 


C. T. WiLitarp.* The paper is most interesting and valuable 
as it presents very fairly what chromium plating has accomplished 
and what we may reasonably expect of it. 

In the introduction the opinion is offered that before long 
chromium plating will probably entirely supersede nickel as the 
finish on exposed metal parts of automobiles, plumbing supplies, 
and similar products. It might be inferred from this that nickel 
plating would be discontinued, but it is my understanding that 
the best protection is furnished by a good base of nickel plating 
with a finish-plating of chromium, a thin plating of chromium 
increasing the protective power of the nickel, and adding a definite 
resistance against tarnish. This applies to the common non- 
ferrous alloys and to steel. 

The use of a chromium plate on cutting tools used for steel 
appears to offer very little encouragement, but I have found 
it a great advantage for tools used in cutting monel metal, bronze, 
copper, and brass. Drills, reamers, box tools, and shape tools 
plated from 0.00025 to 0.0005 have shown an increased life of 
from three to ten times. 

In regards to gages, chromium plating undoubtedly increases 
the life and has many applications, but where it is possible to 
produce gages in quantity at low cost, I question if it is worth 
while to plate them. It is to be regretted that a greater success 
has not attended the plating of thread gages as this application 
would be most desirable. 

Even when chromium plating is adopted for decorative pur- 
poses there will be found many other useful applications. Be- 
sides the typical cases mentioned by Dr. Blum, I might add 
that it has been successfully used as a wear-resistant coating 
on the metal patterns in a cast-iron foundry. A 0.001 plating 
of chromium had increased the life of the patterns several times 
and has permitted a cleaner lift. 

Minor applications continually occur, and I have in mind a 
machine part that was required to be tough and also very hard 
to resist wear. The part was too thin for case-hardening. Har- 
dened 1.10 carbon steel, while satisfactory for wear, was too 
brittle, but the latter when drawn to 600 deg. fahr., and plated 
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with 0.001 of chromium proved very satisfactory and prevented 
an expensive redesign. 

Chromium plating may prove useful in case-hardening, as a 
ten-minute deposit is very effectual in preventing carburization, 
even at 1750 deg. fahr., and a five-minute deposit is sufficient 
at temperatures below 1500 deg. fahr. 


FLoyp T. Taytor.® In a number of places the author points 
out that the character of electrolytically deposited chromium 
is much influenced by the conditions under which the deposit 
is made. For example, current density affects the hardness 
of the deposited coating. The resistance of chromium to abra- 
sion, forming as it does one of the most valuable characteristics 
of chromium coatings, is a function of the hardness of the de- 
posited film. And further, the adherence of electrodeposited 
chromium to the base metal is affected to a marked degree by 
the conditions of electrodeposition. 

Almost at the outset of the paper, however, this statement 
is made: “Experience shows that while laboratory tests are of 
value for defining the properties of a metal and for indicating 
its promising uses, the conditions in manufacturing plants often 
involve so many undefined or uncontrolled variables that the 
actual value of a metal for a given process must be determined 
empirically. Even with the cordial cooperation of the many 
persons who have furnished information both orally and in ques- 
tionnaires, it was difficult in some cases to reconcile apparently 
conflicting statements and to reach generally applicable conclu- 
sions.” 

In any chromium-plating process three principal factors ought 
to be controlled to secure uniform and satisfactory results. With- 
out reference to their order of importance these three things are: 
the current density, the temperature of the bath, and the chemi- 
cal condition of the bath. 

Current density is controlled by the maintenance of a constant 
voltage from anode to cathode. The voltage drop from anode 
to cathode can be controlled automatically by the application 
of the same principles of voltage regulation which have long ago 
been standardized in power stations. 

Automatic temperature controls are available which are sim- 
ple, positive, and accurate. 

The chemical control of the electroplating bath itself is readily 
enough accomplished, and data are available both in the form 
of tables and curve sheets which give rapid approximations of 
any solution condition that is radically. out of balance. 

While on the subject of the control « these three factors as 
they affect electrodeposition of chromium, it seems proper to 
point out that these same three factors should be carefully con- 
trolled in any plating process, and when they are carefully con- 
trolled, better electrodeposited coatings invariably follow. 

The author calls attention to the high electrical conductivity 
of chromium. This leads to the suggestion that chromium- 
plated conductors may be valuable in securing a combination 
of high electrical conductivity and high resistance to corrosion 
of various atmospheres, particularly when conductors are run 
at elevated temperatures. 

While under typical applications it has been necessary for the 
author to limit the number of applications that he could men- 
tion, it is believed that it would be well to include in the list at 
least one additional application of electrodeposited chromium. 
This is the use of chromium-plated steel rolls in the making of 
plate glass. In this application a chromium-plated surface 
is brought directly in contact with a molten material at high 
temperature. This molten glass very rapidly scores even when 
they are made of high chrome steel, and yet steel tubing electro- 
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plated with chromium is being used very successfully for this 
work. The rolls not only last longer than rolls of other ma- 
terials, but they cost less to produce originally. 

Finally, chromium-plated surfaces must be considered from 
the angle of the cost of electroplating. Without attempting to 
cite any figures, for reasons which are obvious, it is merely pointed 
out that the cost of the metal chromium itself is not excessive; 
that, in the main, the deposited coatings need not be very thick; 
and finally, that the major portion of the cost of any electroplat- 
ing process is the direct-labor cost. This direct-labor cost is 
very small indeed, as standardized full-automatie plating ma- 
chinery has been successfully applied to chromium plating. 


A. L. De Leeuw.” There are some applications of chromium 
plating which are not entirely established, but which have shown 
enough promise to make them important in the factory where 
they are being used. This factory builds machinery that glues 
large sheets of paper to be used for purposes such as the wrapping 
of boxes and packages. The glue is delivered to the paper by 
In many cases the glue is hot, though not 
This hot glue has a tendency to cause corrosion of the 


means of a roll. 
always. 
roll, and so it is customary to use a steel or cast-iron core with 
a thick, hard brass sleeve over it. 
but produces a new difficulty. The paper, as it passes over the 
roll, is picked up by pieces of brass plate with almost a knife 
edge, and they are pressed down on the roll by a light spring. 
This pressure is enough to cause grooves in the brass roll, and 
when that happens the glued paper shows streaks of glue which 
are objectionable. So the problem was to find some kind of 
material for the roll which would be sufficiently hard and also 
corrosion-resistant. 


This stops the corrosion, 


Stainless steel was tried, but it was found 
that it would pit in longitudinal streaks even worse than ordi- 
nary steel. Experiments are being made with Nitroloy, which 
may perhaps solve the problem. Experiments also were made 
with chrome-plated brass rolls and chrome-plated steel rolls. 
The chrome plating was done directly on the steel, or directly 
on the brass, or on the steel copper plated, or on the steel copper 
and nickel plated. So far excellent results have been obtained 
with the simple steel roll directly chrome plated. It was found 
when the steel roll was copper plated and then chrome plated 
that it would show very well until some grain of hard glue or 
other substance would get between the rolls and make an inden- 
tation. The layer of copper seemed to be soft enough to allow 
that hard substance to penetrate through the chrome, and after 
that, of course, there was no better condition than if the roll were 
of ordinary steel. 

It also was found necessary to have at least 0.002 in. deposit 
of chrome on the steel roll. With less chrome there was a chance 
that at some place a little porosity had developed, and it seems 
that the corrosion starts at that porous place and proceeds even 
faster than if there were no chrome plating. It was found that 
about two hours of deposit will produce approximately 0.002 
in. thickness of chrome plating. It varies slightly, and we found 
some that were thicker, but less than that does not seem to be 
satisfactory. 

Rolls plated in this manner are standing very well the fumes 
of hot glue, with apparently no ill effects, and by speeding the 
roll up and increasing the pressure of these little brass separating 
fingers so as to cause conditions worse than found in actual prac- 
tice, and by running a machine day and night over several weeks, 
there was absolutely no wear found in the roll. It may seem 
strange, also, that the wear on the brass fingers was less than 
it would have been if the brass fingers were directly pressing on 
& brass roll. 


‘© Consulting Engineer, New York, N. Y. Mem. A.S.M.E. 
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James R. Weaver.'! Chromium plating undoubtedly has 
been applied successfully to automobile parts, accessories, etc., 
in order to obtain trimmings that will maintain their luster and 
polish. However, we have tried to apply chromium plating 
to machining tools with various kinds of success. Therefore, 
I would like the author to discuss some of these things so that 
we could determine a solution if possible. 

For instance, we have tried chromium plating plug gages and 
thread gages with the result that we got a certain amount of 
peeling at the edges. We also applied it to cutting tools, drills, 
and hacksaws with the same results, that is, peeling at the edges, 
and in the case of the hacksaw blades these became very brittle 
and broke after a very short period of operation and sometimes 
just by putting enough tension on the blade to hold in the hack- 
saw frame. 

We have been fairly successful in chromium plating molds 
for bakelite composition. These molds were chromium plated 
to reduce the time of cleaning and produce a smooth finish on 
the parts that were molded. We chromium plated sheets that 
were used to mold micarta plates, but in this case we found high 
lights in the chromium-plated plates which was very undesirable. 
If these high lights could be eliminated, the chromium plating 
would be very satisfactory for this kind of work. 

For wearing surface we tried chromium-plated wedges that 
were used for moving parts of dies, fixtures, and equipment, 
but we found that the plating would wear off, giving no better 
service than the ordinary steel surface. 

Judging from our experience I should believe that chromium 
plating was satisfactory only to produce lustrous surfaces and 
that, at the present time at least, we cannot expect to obtain 
better results from tools or wearing surfaces that are plated 
than from regular steel surfaces. I would like to have the author 
explain some of these things so that we can carry on experiments 
to better some of these conditions if possible. I would also like 
to inquire if the Government is carrying on any experiments 
in plating and whether any information is obtainable along these 
lines that would be applicable to our products. 


Dr. Bium. Some of the points raised by the speakers illus- 
trate the difficulty of attempting to confine the matter to me- 
chanical applications, because in mechanical applications the 
problems of corrosion are often involved. It therefore is neces- 
sary to emphasize the fact that a thin coating of chromium or 
of any other metal is not impervious, and it is possible to make 
only a relatively impervious coating. This is done either by 
building up successive layers of different metals, as is done on 
automobile radiators, or by using relatively thick coatings, such 
as the 0.002 in. of chromium that was mentioned on the glue 
rolls. This is an important point to bear in mind if corrosion 
as well as abrasion is involved. 

The chipping of gages comes about, first, through the brittle- 
ness of chromium; second, through the tendency of the chromium 
to build up to a greater thickness upon the edges and corners 
of any article, unless special precautions are taken to avoid it; 
third, through the increased impact on those gages at the edges 
or corners in service. These effects point to the fact that there 
is a greater probability of uniform service with thin coatings 
of chromium than with thick coatings. Where there is impact 
it may pay better, for example, to put on a thin coating and 
to strip it off and renew it at reasonable intervals than to attempt 
to put on a very heavy coating. 

The brittleness that may be produced by plating saws or other 
hardened steel is not confined to chromium plating. It is char- 


acteristic of all pickling and plating processes that they tend to 


11 Superintendent, Manufacturing Equipment, Westinghouse Elec- 
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produce brittleness of hardened steel. There is no complete 
remedy for this, but there is evidence to show that it can be 
largely overcome by the simple expedient of immersing these 
articles after plating in boiling water or in steam for a short 
time, which expels the hydrogen which is responsible, in part 
at least, for the brittleness of the steel. 

Getting a uniform surface on the chromium-plated sheets 
used for making sheet plastic material is largely a question, 
first of all, of getting the surface of the sheet of uniform luster 
before chromium plating and, second, of getting a uniform cur- 
rent density over the whole sheet during the chromium plating. 
As is well known, chromium plating is particularly susceptible 
to changes in temperature or current density. If one is plating 
a large sheet and has a current density 50 per cent greater, for 
example, on one part than on another, he is likely to get dull de- 
posits at one part and bright deposits at another, and the whole 
question, then, of the uniformity of chromium-plated deposits 
involves the point of closer control of plating operations. It 
is no disparagement of practical electroplaters to say that chro- 
mium plating requires a degree of control of temperature and 
current density and plating conditions in general that is beyond 
what has been customary or necessary with the usual methods 
of nickel plating. Therefore, in spite of the fact that the prac- 
tical plater may contribute a great deal from his background 
of experience, it is necessary for him to change his ideas and 
methods if he is to get uniformly satisfactory results in chromium 
plating. It is not a guess-and-try process. One must care- 
fully define the conditions and then maintain them. 

Replying directly to Mr. Weaver, the Bureau of Standards 
has thus far published one general paper on chromium plating, 
which is known as Technological Paper 346. This is a general 
résumé of the relation between the composition of the solution, 
the temperature, and the current density. This paper can be 
obtained by sending 15 cents to the Superintendent of Docu- 
ments, Government Printing Office. 

We have conducted a number of other investigations, some of 
which are not yet completed. One that we have published 
and of which we have reprints available, is on the Health Hazards 
in Chromium Plating; in other words, the ventilating conditions. 
Good ventilation must be maintained in order to safeguard the 
health of the workmen. We have in progress two or three fur- 
ther studies on chromium plating, one of which is on the Throw- 
ing Power of Chromium Plating; another one is on the Consti- 
tution of the Chromium Plating Solutions; in other words, the 
effects of the different constituents in the solution. 


Earu P. Wesster.'? In regard to the plating of rolls used 
in the rolling of cereals, it has been our experience that the plate 
did not adhere to the outer edges, consequently chipping off. 
In order to overcome this condition I made up collars exactly 
the diameter of the roll to be plated, which were fitted to the 
shafts of these rolls. These collars were placed on edge and 
against the side of the roll to be plated so that in plating the 
chrome was thrown evenly across the face of the roll and across 
the face of the collar, which was the same diameter. Thus 
any treeing or irregular deposits which previously came on the 
edges of the roll would now fall on the edges of the collar, leaving 
the roll very uniformly plated, when the collars were removed. 
This we found prevented chipping as well as giving us an abso- 
lutely uniform deposit around the diameter of the roll and across 
the face. 

We have also used electrotypes which are copper faced and 
nickel faced. These we tried to plate and had a great deal of diffi- 
culty in getting satisfactory results as well as repeating such results 


12 Research Engineer, Shredded Wheat Co., Niagara Falls, N. Y. 
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as were satisfactory. For the time being we gave up attempting 
to plate these nickel faced and ordered all electrotypes to be 
made of just the copper minus the nickel face, the copper to be 
no heavier than previously ordered. These plates we plated 
for one hour, having about 0.0004 in. thickness of chromium. 
The copper electrotypes chrome plated will outwear three to 
four sets of the regular nickel electrotypes. We have had some 
plates, which previously run six million impressions, run thirty 
million. 

In order to plate nickel electrotypes, as we had a great many 
of these on hand, we flashed them with copper, after which we 
found no trouble in chrome plating them. One of the samples 
exhibited here is a copper electrotype without the electrolytic 
nickel and has no additional thickness of copper other than it 
would have had if used with a nickel face. The other is a nickel- 
faced copper electrotype which has been flashed with copper 
because of the difficulty of chrome plating. The copper has 
one hour of plate or 0.0004 in. of chromium. The nickel has 
half an hour plate. The nickel with the half-hour chromium 
plate ran a little over ten weeks, or over sixty million impres- 
sions, whereas a regular electrotype nickel faced, without the 
chrome plate, would run about five weeks. 


Mr. Wituarp. In regards to removing the brittleness from 
high carbon steel hardened and drawn to 600 deg. fahr. and 
then chromium plated we found it was necessary to heat to a 
temperature of 450 deg. Lower temperatures were first tried, 
starting at 300 deg. and holding for two hours, but the embrittle- 
ment was not entirely removed. The heating in all cases was 
in a Homo tempering furnace. 


Dr. Bium. In work done about ten years ago on the gen- 
eral problem of the embrittlement of steel caused by pickling 
we found that the brittleness could be removed just as well in 
a few minutes in boiling water as in an hour or more at a tem- 
perature of 200 or 300 deg. cent. It seemed, although we have 
no good explanation for it, that the actual heating in boiling 
water expelled the hydrogen more readily than heating to a 
much higher temperature in the air. That may be worth while 
trying. 


J. C. Lincouin.'* In his paper the author gives the hardness 
of the coating as 200, and in some cases 600 and even 900. I 
understand that this chromium plating is so hard that it will 
scratch glass, and I would like to know more about it. 

In Cleveland there is a company called the Metal Protection 
Company, and they have developed a method of nickel plating 
steel articles in which the coating is very much more adherent 
than is possible by the ordinary methods of plating. Their 
method is as follows: A large vat is filled with commercially 
pure sulphuric acid. The material to be plated is introduced 
into this vat gradually while it is connected to the circuit. The 
current naturally increases as the article is being introduced 
into the acid, but after complete immersion the current rises to 
a maximum and then falls off to practically zero even with 10 
or 12 volts on the circuit. In this condition the steel is said 
to be in the “‘passive” condition. This process is called degasi- 
fying the material. After that plate is degasified, it is coated 
with nickel, and parts made of iron coated with nickel have 
been run through rolls and reduced in thickness from, say, an 
eighth of an inch down to a few thousandths, and the coating 
has been so adherent that it will stand that sort of treatment 
without being removed. I would ask whether that method has 
been used in connection with chromium plating and as to what 
results have been obtained. 


13 President, Lincoln Electric Company, Cleveland, Ohio. 
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Dr. Buum. I will remind Mr. Lincoln that in the paper I 
simply quoted some results on Brinell hardness of chromium 
plating reported in an English paper. Those must have been 
made on very thick samples of chromium, because it is obvious 
that one cannot make a Brinell hardness test that means any- 
thing on a chromium coating a thousandth of an inch in thick- 
ness, because he would simply be measuring the hardness of the 
underlying metal. Those results were inserted simply to show 
that the Brinell hardness does vary considerably with the method 
of heat treatment to which the chromium is subjected. 

I believe that the scratch hardness method is a much more 
reliable indication of the hardness or wear resistance of the 
chromium, and on that basis the chromium has been stated 
as being approximately as hard as corundum; in other words, 
having a hardness of about 9 on the Mohs seale of hardness. 
Certainly, it is harder than glass, which is about 7, so that we 
can say the chromium actually is considerably harder than glass. 

I am familiar with this so-called Madsen process, but do not 
know whether it has been used either directly or indirectly in 
connection with chromium plating. 


JoserH K. Woop.'* In connection with the Madsen process, 
there is an actual degasification that takes place at the surface. 
It seems that the carbide crystals at the surface of the steel are 
broken up and CO gas is liberated. Photomicrographs have 
shown that the nickel is actually keyed into the place where the 
carbide has been removed, which accounts more or less for the 
fact that you can plate a bar heavily with nickel and draw it 
down and still have an impervious or adequate plating of nickel. 


Ricuarp Kater.'® I would ask whether experiments have 
determined a temperature at which chromium plate loses its 
hardness. 


Dr. Bium. I know of no experiments made in this country. 
The observations that I reported as made by Adcock showed 
that by heating to 900 deg. cent. it was very soft and had a Brinell 
hardness of only 200, and when heated in hydrogen at still higher 
temperature it reduced down to 80, which is very soft material. 
I do not know of any curves showing the rate of reduction in 
hardness or whether there is any temperature at which there is a 
sudden reduction in hardness of chromium. 


Mr. Wittarp. Mr. De Leeuw spoke of plating at the rate 
of one-thousandth of an inch per hour; that is, the steel rolls were 
plated two-thousandths of an inch in two hours. Is that a cus- 
tomary practice or something unusual? The plating that I 
have seen has been more at the rate of about a quarter of a thous- 
andth per hour. 


Dr. Brum. The rate of plating will, of course, depend upon 
the current density employed, and at the current density that is 
commonly used, of about 100 amp. per sq. ft., the rate of depo- 
sition would be more nearly three or four ten-thousandths of 
an inch per hour, so that if one-thousandth of an inch of chro- 
mium is deposited per hour it would be necessary to use current 
densities certainly above 200 amp. per sq. ft. That can be 
done with higher temperatures in the bath and will produce 
probably about the same efficiency as may be obtained at the 
lower temperature and lower current density. The efficiency 
in all cases is very low, which makes it difficult to determine 
with any degree of accuracy just what thickness of chromium 
will be obtained in a given time. 


'* Consulting Engineer, New York, N. Y. Assoc-Mem. A.S.M.E. 
'® Assistant Manager, Hardening Dept., Singer Mfg. Co., Elizabeth- 
port, N. J. Jun. A.S.M.E. 
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Mr. De Leeuw. I will have to confess that I speak from 
hearsay, as the rolls are being plated, not in the factory where 
they are being used, but in a commercial establishment that 
does chromium plating, and they charge per hour; and as they 
have to pay the price of two hours for two-thousandths, I can 
only say that the time paid comes to two-thousandths and the 
amount deposited comes to a little over two-thousandths—it 
can be measured with a micrometer. , 


C. L. Exseretan.'© The question was raised regarding the 
effect of temperature on chromium plating. We ran across 
some interesting work in that respect on some hot rolling where 
the dies were subjected to both abrasion and very high heat, 
and the problem is to find some material that will stand up under 
this. Although we have not gone far enough into it as yet, 
we did take one section of the die that was subjected to the most 
severe work and chromium plated it, and it seems so far that 
we have been able to retard the wash. I would like to ask Dr. 
Blum what we might expect in that direction—whether it is 
just a matter of preliminary indications of being a little opti- 
mistic or whether we can expect to get a retardation of the wash. 
Our billets, when they are put in the dies, are at 1800 deg. fahr. 
down to 1500, and during the operation the temperature probably 
drops to 1300 or 1200 deg. 


Dr. Bium. There seem to be no exact data upon the rela- 
tion between the temperature and the hardness of chromium, and 
it may well be that in your case you will get an increased service 
even at those high temperatures, just as they do on the plate- 
glass rolls at the high temperatures. Even though there may be 
a softening of the chromium, you may still, by the greater tar- 
nish resistance, increase the life of the roll. The fact that the 
chromium will resist oxidation up to high temperatures will tend 
to retain a smooth surface even though the chromium must of 
necessity have a somewhat lower hardness at that high tem- 
perature than at the normal temperature. There must be both 
expulsion of hydrogen and some annealing of the chromium at 
any temperature above 1000 deg. fahr. 


Mr. EkserGian. Our observation at this stage is that after 
the dies have been subjected to a certain amount of use, the sur- 
face becomes about as soft as on those dies not chrome plated. 
This condition, however, is approached later in service than in 
the case of the dies that are not chrome plated. 


Hersert M. Hitu."” I would like to ask about chromium 
plating for foodstuffs. There are many applications where 
pieces of machinery have to be tinned, such as pots and pans 
and food-handling machinery. Is chromium inert and would 
the acids in foods have any affect on it? 


Dr. Bium. That subject is being investigated by the Bureau 
of Chemistry and Soils in the Department of Agriculture, at our 
request and with our cooperation, and the indications are, up to 
this time, that the chromium is somewhat attacked by certain 
acids, especially citric acid and malic acid. There is no evidence 
to date that small amounts of chromium, if present in foods, are 
toxic. That does not mean that there may be no toxic effects, 
but simply that no such toxic effects have been reported up to 
the present time. 

I do not know that there is anything else to conclude in the 
way of the general discussion, so long as I have answered, as far 
as possible, the questions as they have arisen. 


16 Research and Development Engineer, Budd Mfg. Co., Phila- 
delphia, Pa. Jun. A.S.M.E. 
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Cooling and Lubrication of Cutting Tools 


Progress Report No. 1 of the Sub-Committee on Cutting Fluids! of the A.S.M.E. Special 
Research Committee on Cutting of Metals 


This report begins with a review of the many unsettled questions 
of cutting-fluid performance which have led to the formulation of a 
general program for research on that subject by the Society in co- 
operation with the Bureau of Standards and other organizations. 
Then follows a brief survey of current practice in the selection of 
cutting fluids for the respective operations and for the various 
materials to be cut, based upon information received from a number 
of the leading metal-cutting plants in the United States. Afterward 
there is given a brief outline of recent experimental work which 
will be continued as rapidly as financial support is obtained. The 
report is concluded by appendixes containing (1) a bibliography 
of cutting-fluids literature; and (2) a chart for tabulating current 
shop practice in the use of cutting fluids. 

The experimental program recommended by the Sub-Committee 
aims to determine quantitative relations connecting the cutting 
performance of the fluid in any given process such as finish-turning 
of steel, with the numerous variables on which it may depend, in- 
cluding not only such factors as speed and depth of cut, but also 
the physical properties of the fluid, such as its specific heat and its 
oiliness. 


ETAL-CUTTING operations such as turning, drilling, 
milling, threading, and grinding are rendered more 
efficient by the application of various agents sometimes 

called “coolants’’ and “lubricants,’’ but more generally known 
as ‘cutting fluids.’’? Those in most common use may be classi- 
fied somewhat as shown in Table 1 below, and have been fully 


TABLE 1 CLASSIFICATION OF CUTTING AGENTS 
Type Description Symbol 
1 Air and aqueous ior cutting with or without air jet..... ‘ . 
\ Fatty (animal and vegetable).............. dD 
\ Water + oil containing sulphur............ G 
3 Emulsions - Water + oil containing soap.............. H 
Alcohol, milk, turpentine, and other liquids J 
Co on Grease, graphite, tallow, talc, sulphur, and 
Any substances not included above......... L 


} Broadly defined for the present purpose as a mixture of mineral oil + 
any other ingredient except water. 


described in previous publications.* In this table A, B, and C 
are coolants with little or no lubricating value; D, E, and F are 
lubricants with little or no cooling value; while G, H, and I are 
believed to possess both cooling and lubricating qualities. No 
general statement can be offered regarding the remaining sub- 
stances, except that their relative merit for certain particular 
operations and materials has been demonstrated by practical 
experience. 

'The personnel of this Sub-Committee consists of Mayo D. 
Hersey, Washington, D. C., Chairman; G. H. Ashman, Schenectady, 
N. Y.; B. H. Blood, Hartford, Conn.; O. W. Boston, Ann Arbor, 
Mich.; A. L. De Leeuw, New York, N. Y.; W. Yonkman, Chicago, 
Ill.; and (ex-officio) W. W. Nichols, Detroit, Mich., Chairman, 
A.S.M.E. Special Research Committee on Cutting of Metals. 

* The term “cutting fluids’’ was first introduced, it is believed, 
by E. C. Bingham (Ref. 22 in the Bibliography, Appendix No. 1) 
in preference to “cutting liquids” so as not to exclude compressed air. 

* See Bibliography, Appendix No. 1. 

Presented at the Annual Meeting, New York, December 3 to 7, 
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Aside from economic factors and health factors, neither of 
which need be dwelt upon in this report, very little is known of 
the true reasons for the superior performance of some of the 
substances in Table 1 and the inferior performance of others in 
any given cutting process. To any one of an inquiring turn of 
mind, therefore, and especially to those who are responsible for 
the quantity and quality of the finished work, numerous questions 
are constantly presenting themselves, of which the following may 
be considered typical.‘ 


UNSETTLED QuEsTIONS OF CuTTING-FLUID PERFORMANCE 


1 Why is lard oil better than mineral oil for cutting metal? 
If because of its lubricating value, why does a journal bearing 
run hot when lard oil is substituted for mineral oil? 

2 How can any oil reach the cutting edge under the heavy 
pressure and relatively high speeds of ordinary shop practice 
when the point of the tool is buried in the metal and apparently 
protected from the action of the cutting fluid? 

3 In the early days in the oil country it was customary to 
make our own lubricating oil by simply heating the crude in an 
open kettle, driving off the lighter volatiles but leaving the par- 
affin, cylinder stock, etc. Such an oil was a fair lubricant, but 
it was not possible to use it for die-cutting threads on pipes or 
bolts. The threads would tear and strip in the die. By melting 
about 15 per cent of tallow in it, fairly good threading could be 
done. What quality did the tallow supply? 

4 In threading annealed copper pipe the mills use ordinary 
sweet milk. Why not lard oil, mineral oil, or water? 

5 In drilling glass with a glass-hard steel tool, a mixture of 
turpentine and kerosene or turpentine and alcohol produces sur- 
prising results, as long as the drill is not allowed to slip without 
cutting. With the same fluid it is an old stunt to drill a hole 
through a flat file without annealing it, using an ordinary twist 
drill, the point of which has been rehardened, perhaps in mercury. 
It is necessary to use a slow speed and heavy pressure. Just 
what function does the cutting fluid perform under these con- 
ditions—lubrication? 

6 We have seen turpentine used in threading a particularly 
hard and tough piece of steel, on which a smooth thread could not 
otherwise be chased; also, by way of contrast, in turning or 
threading soft, stringy aluminum. What happens at the point 
of the tool? 

7 At Watervliet Arsenal something more than twenty-five 
years ago, when nickel steel was first introduced for cannon, 
great difficulty was found in getting a smooth cut from the rifling 
tool. A polished cut was required, but it tended to be white or 
frosty with prime lard oil, which had been used up to that time. 
A mixture of three parts kerosene and one part lard worked very 
well. Shall we conclude that the function of the kerosene was 
to increase the penetration to the point of the tool? 

8 What about mineral oils compounded with sulphur? They 
work well, both for roughing and finishing, and yet the sulphur 
presumably does not increase the penetration. 


4 These various questions are here quoted practically verbatim 
from correspondence or conferences with members of the Sub- 
Committee and others. Acknowledgment is due to B. H. Blood for 
questions 1-11, inclusive, to A. L. De Leeuw for 12-13, inclusive, 
and to one of the leading makers of cutting compounds for questions 
14 and 15. 
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9 The finest job of lathe-cut threading I have ever seen 
(B. H. Blood) is done on oil-well drilling-tool joints, as practiced 
all over the oil country. The threads, usually 7 per inch and on 
a sharp taper, are cut on 0.45 to 0.60 carbon steel, with or without 
alloy. A joint turner is a specialist, not a machinist. He will 
thread a joint in one-fifth the time which a skilled machinist 
would require, and make a better job of it. The finish is beauti- 
ful and the requirements for accuracy are very high. Yet they 
use nothing but water with a very little soda to prevent rust. 
How shall the use of water be explained in this operation, where 
seemingly very little heat can be generated? 

10 The foregoing suggests the general question whether in 
metal-cutting operations the fluid has any other fundamental 
action to perform besides cooling and lubricating. 

11 The use of water in cutting soft rubber with a knife has 
been cited as a further example of some unexplained action. 
Clearly the water is not required as a cooling agent in this ex- 
ample. On the other hand, water is not commonly regarded as 
a lubricant, nor is it exactly evident how it can find its way into 
the cut until after the cut has been made. 

12 In turning operations on automatic machines why do some 
cutting fluids produce a larger diameter of finished work than 
others with the same tool setting? 

13 In the foregoing operations why do certain fluids produce 
a uniform diameter on successive cuts, while it is characteristic 
of other fluids to produce a varying and irregular result on 
successive cuts with identical tool setting? 

14 We have found that in one plant a mineral oil blended 
with lard oil and oleic acid will do better work than a mineral 
blend of lard oil and chemically combined sulphur. In another 
plant on the same kind of a machine, under the same speeds, and 
practically the same cutting conditions, the reverse holds true. 

15 We have also found where one manufacturing plant will 
adopt a soluble oil, use it in 25 parts of water to 1 part of oil on 
high-carbon steel, and obtain wonderful cutting results, another 
plant will try the same thing, under practically the same con- 
ditions, and cannot use it at all, but will have to go to a cutting 
oil containing sulphur, or a mineral and high-animal-fat blended 
oil. 

THE PRESENT StTaTE OF KNOWLEDGE OF THE ACTION OF CUTTING 
FLuips 


The foregoing questions might be multiplied indefinitely. 
Possibly there is no simpler way of indicating the present 
limits of our knowledge of the true action and essential properties 
of cutting fluids than by examining each one of these typical 
questions in some detail in an endeavor to answer it. 

1 The superiority of lard oil for such processes as heavy-duty 
cutting of steel may in all probability be attributed to its function 
as a lubricant, and especially to its action in lubricating the top 
surface of the tool directly under the chip. Journal bearings, 
if subjected to the same exceptionally heavy pressures encoun- 
tered by cutting tools, would undoubtedly run cooler with lard 


oil than with mineral oil. When the journal is lightly loaded, . 


however, lard oil offers greater frictional resistance than a mineral 
oil having the same viscosity at room temperature because it 
does not thin out so rapidly with rising temperature, it still 
remains too viscous after the maximum operating temperature 
has been reached, and the bearing runs hot in consequence of 
greater frictional resistance, due to excessive viscosity. Lard oil 
is also inferior to mineral oils for long-continued operation of 
journal bearings, due to its rapid oxidation with consequent 
gumming and corrosion effects which tend to further increase the 
friction. 

The superiority of lard and other fatty oils in contrast with 
mineral oils under high contact pressures is a recognized lubrica- 
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tion phenomenon commonly described by saying that the fatty 
oils possess the property of “‘oiliness’’ in a marked degree. The 
precise definition and measurement of oiliness constitutes one of 
the most important problems in the field of lubrication research, 
and evidently has a very direct bearing on the solution of cutting- 
fluids problems. 

2 Microscope observations of chip formation’ conducted by 
Albert Kingsbury about 1895, showed that when a mild-steel bar 
is cut by a parting tool in a lathe, a crack in the metal precedes 
the cutting edge of the tool at all times. As the crack extends, 
the oil is seen to flow into the crack, the flow being made evident 
by the motion of minute particles of steel suspended in the oil. 
Thus the oil is enabled to reach the top surface of the tool, even 
to the cutting edge. The lubricant is forced into the vacuum 
in the crack mainly by atmospheric pressure, capillarity probably 
being secondary if the cutting speed is high. Therefore, if the 
viscosity of the lubricant is too high, the cracks may not be 
filled fast enough. It seems very desirable to extend such mi- 
croscope observations to other materials besides mild steel, and 
especially to extend them to the finest finishing cuts, in order to 
determine whether a crack always precedes the point of the 
tool.® 

3 The addition of tallow or any other animal fat to a mineral 
oil is known to increase its oiliness; experiments would therefore 
be desirable to determine how much the oiliness is increased by 
adding 15 per cent of tallow, and whether there is any preference 
among different substances for the die cutting of threads on pipes 
or bolts provided all substances compared are numerically equal 
in oiliness. 

4 Milk contains animal fat in suspension and therefore we 
should expect to find that it possesses a fair degree of oiliness. It 
also contains a very high percentage of water, which, because of 
its high specific heat and low viscosity, constitutes an excellent 
cooling agent. Thus there is every reason to expect the cutting 
performance of milk to surpass that of lard oil, mineral oil, or 
water. Furthermore it is recognized that oiliness is a joint 
property of the oil together with the metal; very possibly, there- 
fore, the oiliness quality of milk is more pronounced when the 
milk is in contact with copper than with other metals. Quanti- 
tative tests would be very desirable showing definitely how much 
better milk is for cutting copper than the ordinary commercial 
emulsions, also how much better milk is for copper than for other 
metals. 

5 When drilling glass and very hard steel it may be more 
important for the cutting edge to bite than it is to provide a high 
degree of lubrication; possibly such fluids as kerosene, turpentine, 
and alcohol function by increasing the coefficient of friction of the 
rubbing surfaces over and above the value it would have for dry 
surfaces. If so, these liquids might be classed as negative lubri- 
cants, and the concept of the lubrication of cutting tools might 
be extended to include both positive and negative lubrication. 

Further, it has been suggested that the turpentine and other 
thin liquids may provide a means for the drill to get below a layer 
of powder formed by the drilling action, where, if used dry, the 
cutting edge would roll around on these particles which would act 
like ball bearings, thus preventing the edge from biting into the 
uncut surfaces of the glass. 

6 Although actual discovery of what happens at the point of 
the tool probably lies far in the future, considerable light might 
be thrown upon the behavior of turpentine by relatively simple 
experiments in which various ingredients are mixed with the 
turpentine in small proportions so as to alter its oiliness and other 
properties by known amounts. 

§ See Bibliography, Ref. 11. 


6 Practical suggestions for the requisite apparatus have been 
supplied by B. H. Blood. 


— 


7 The frosty surface created by lard oil suggests an excessive 
degree of adhesion, a property associated with oiliness, such that 
the adhesion of the oil to the metal may have exceeded the in- 
ternal cohesion of the metal with the result of actually pulling 
metal particles out of the surface. This excessive adhesion would 
be reduced by the addition of kerosene, a liquid known to be 
deficient in oiliness and probably, therefore, deficient in adhesion. 

More probably the function of the kerosene was simply to 
increase the penetration. Nickel steel undoubtedly was 
“tougher” than the metals previously cut, and thus the crack 
formed ahead of the tool may have been so small that the kerosene 
was needed to reduce the viscosity of the lard oil so that it could 
penetrate into the crack and thus get on the tool. 

8 Sulphur is believed to increase the oiliness of lubricating 
oils, which, if so, would diminish the friction and therefore the 
amount of heat released in cutting metal. These facts might 
be sufficient to account for the superior cutting performance of 
oils containing sulphur without recourse to its alleged refriger- 
ating effect, but should be tested by quantitative experiments. 

9 As regards successful use of water in threading the oil-well 
drilling-tool joints, possibly the smooth cut obtained should be 
attributed as much to the technique of the operator, involving 
shape and condition of cutting tool, feed, and depth of cut, as 
to the use of water. 

It would be interesting if this work could be repeated and 
closely examined under scientifically controlled conditions to 
determine what happens. The water might function as a nega- 
tive lubricant, or more likely as a cooling medium. 

A distinction can be made between heat and temperature. 
The fact that very little heat is generated does not disprove the 
possibility of considerable temperature rise being localized at 
the cutting edge. As an illustration of this point, our attention 
has been called by Dr. H. C. Dickinson’ to the simple process 
of scratching a match. Here the work done, and therefore the 
heat generated, is very minute, but the local temperature rise 
obviously exceeds the spontaneous ignition temperature of the 
substance in the head of the match, a matter of several hundred 
degrees fahrenheit. 

10 As regards the possibility of some other fundamental 
action, independent of cooling and lubricating, Dr. H. T. Ken- 
nedy® has suggested that the molecules of the metal in the freshly 
exposed surface of the crack may exert attractive forces on the 
molecules of the fluid which are different for different fluids and 
of sufficient magnitude to appreciably alter the apparent cohesive 
strength of the metal. This state of affairs would make it easier 
for the crack to advance and_for the chip to come off with one 
cutting fluid than with another, even though both fluids are 
equal in penetrating powers’ as ordinarily defined, and in all 
properties upon which their cooling and lubricating actions de- 
pend. The proposed new action might be described as a form 
of molecular penetration; it is perhaps closely associated with 
spreading power,” adhesion,'! and heat of wetting." It seems 
unnecessary to attempt a direct test of this molecular penetration 
hypothesis until it has first been demonstrated whether or not 
the ordinary penetrating, lubricating, and cooling actions are 
sufficient to account for the observed differences in the cutting 
performance of different fluids. 


7 Chief, Heat and Power Division, Bureau of Standards. 

® Associate Scientist, Friction and Lubrication Section, Bureau 
of Standards. 

®* Two fluids identical in viscosity, surface tension, and angle of 
contact may be said to possess the same penetrating power or pene- 
trativity. Cf. Washburn, E. W., Phys. Rev., vol. 17, 1921, p. 277, 
and Nutting, P. G., Jl. Franklin Inst., vol. 203, 1927, p. 313. 

‘© Woog, P. Contribution a ]'étude du graissage. Paris: 
grave, 1926, pp. 91-93. 
1! Bingham, E. C. Bibliography, Ref. 22, pp. 49-53. 
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11 While water cannot function as a lubricant under the 
pressures commonly met in a machine bearing or in cutting of 
metals, it has been demonstrated that it does act as a lubricant 
when the pressures are low enough to permit the formation of 
a true fluid film. It is believed that the water adheres to the 
knife in this example and reduces the resistance offered to the 
movement of the blade through the soft rubber. 

12-13 The following suggestions have been offered by A. L. 
De Leeuw, to explain such facts as cannot wholly be accounted 
for by differences in thermal expansion: 

One important function of the lubricant under the chip on the 
top of the tool, quite independent of its function in reducing the 
heat generated and in reducing the power consumption, is to 
insure a steady, uniform back pressure against the chip, thus 
tending to produce a more uniform diameter and finish. 

As the chip comes off in the turning operation, it is repeatedly 
broken up by shearing action into a kind of echelon formation.'* 
Each time the chip breaks or flows, the back pressure on the work 
is relieved, and obviously the finish produced depends on the 
nature of this process. 

The foregoing hypothesis might be tested by experiments in 
which the friction on the top of the tool is deliberately increased 
and decreased over a considerable range. If the same result 
as regards chip formation, uniformity, size of the finished diam- 
eter, etc., is obtained with a high friction on the top of the tool as 
with a low friction, it would disprove the hypothesis. In order 
to obtain low friction, the top surface of the tool might be given 
a high degree of polish with the polishing wheel running parallel 
to the length of the tool. To obtain high friction the tool should 
be ground with a coarse wheel running transverse to the length 
of the tool. In these two tests the same lubricant should be 
employed so that in both experiments the action of the lubricant 
will be the same in all particulars, except as regards friction on 
the top of the tool. 

14-15 Inconsistent results obtained from the use of the same 
fluids in different plants may be due to the influence of unsus- 
pected variables. For example, the character of an emulsion 
formed by the use of a soluble oil in water may depend on the 
local water supply. If soft water is available at one plant and 
hard water at another, it may be necessary to increase the soap 
content of the oil to obtain equally satisfactory performance at 
the latter plant. Closer observation and control of operating 
conditions in the plants may be required in order to explain the 
inconsistencies in question, together with quantitative laboratory 
experiments in which one variable at a time can be investigated. 


BurEAvU OF STANDARDS RESEARCH PROGRAM 


The Special Research Committee on Cutting of Metals at its 
meeting on December 8, 1926, voted to endorse and finance a 
program for basic research at the Bureau of Standards, which 
had been described substantially as follows in the Report of the 
Sub-Committee on Cutting Fluids: 


It seems important to begin definite scientific experiments on the 
cutting action of different fluids. A collection of, say, 25 repre- 
sentative cutting fluids would be made and designated by letters A, 
B, C, ete., without reference to their trade names. The usual stand- 
ard tests, including specific heat, should first be made, together with 
any new tests that may be found important for determining oiliness. 
Lathe tests can then be carried out, in which the work material and 
tool material are held constant while the speed, feed, and depth of 
cut, and choice of cutting fluid are the principal variables. 

From this program a good preliminary knowledge might be ob- 
tained of the general relation between cutting performance and the 
more significant properties of the fluids. 

It would be desirable to include two different forms of high-pressure 
tests, (1) viscosity under high hydrostatic pressure, and (2) a series 
of tests on the Dickinson-Marvin grooved-specimen machine, by 


122 Cf. Bingham. Ref. 22, pp. 40-41, particularly Fig. 3. 
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which friction measurements on cutting fluids are made under high 
contact pressure, as described in the Journal of the Society of Auto- 
motive Engineers, vol. 17, 1925, pp. 287-289. 

Assurance has been obtained that the Bureau of Standards will 
actively cooperate with this Committee if funds are provided by the 
Society for the employment of a Research Associate and any other 
services or supplies not available at the Bureau which may be re- 
quired.!? The Bureau will contribute without cost the supervisory 
and consulting services of its staff, and all general equipment that 
may be available, including a suitable lathe for the cutting experi- 
ments. 


Research Authorization No. 3818 on Cutting Fluids, approved 
by the Director of the Bureau of Standards May 19, 1927, formu- 
lates the same project more definitely as follows: 


Purpose. To make a beginning on the general problem of corre- 
lating performance characteristics of cutting liquids with their 
physical and chemical properties, with a view to more efficient 
selection of cutting fluids in machine-shop practice. 

Method. (a) Experiments on metal cutting to determine relative 
performance of different liquids quantitatively. (6) Study of the 
physical details of the penetrating action, cooling action, and lubri- 
cating action of cutting fluids, including microscope observations. 
(c) Laboratory tests on a series of liquids whose cutting performance 
is known, including new tests for surface characteristics such as 
adhesion and spreading power. 


At the request of W. W. Nichols, Chairman, A.S.M.E. 
Special Research Committee on Cutting of Metals, the foregoing 
statements have been amplified as follows in a letter dated 
December 20, 1927: 


There are three phases of this problem. First, it will be necessary 
to establish suitable tests for determining the relative merits of 
various cutting fluids on a quantitative, numerical basis. In the 
past, our knowledge of the performance of cutting oils has been 
almost entirely qualitative. We know that lard and sperm oils 
are better than mineral oils for slow heavy cuts on steel...; we 
know that turpentine, kerosene, etc., are better than lubricating oils 
for cutting aluminum, and that milk is better than oil or water for 
cutting copper, but we do not know how much better. No doubt 
further light will be thrown on this matter when data collected from 
various companies have been fully analyzed, but it is believed that 
definite experiments should be made under scientifically controlled 
conditions in order to extend this knowledge and put it on a more 
accurate and reliable basis. 

Several performance tests have been suggested and others can 
be devised, all of which should be given detailed study and possibly 
experimental trial before making final decision as to which test, or 
group of tests, shall be considered standard. It may be best to test 
for tool life in relation to cutting speed, as has been done in connec- 
tion with metal-cutting research in the past. Or it may be found 
sufficient to measure the relative power consumed in cutting the 
same metal with different fluids, as has been done at the Citroén 
plant in Paris. It may be preferable to measure the relative rate 
of cutting under a constant load applied to the tool, or simply to 
observe the temperature of the chip. One of the first objects of 
the investigation, therefore, is to make a study of these performance 
tests, and as soon as practicable to adopt one or more of them as a 
standard basis for numerical comparison of a series of different oils. 

A second phase of the investigation will consist in a study of the 
physical details of the action of the cutting fluid. This is not so 
much a question of comparing different fluids as it is of discovering 
the basic facts regarding the action of any one fluid. It is generally 
considered that the cutting fluid performs three essential actions: 
(1) Penetration to the point of the tool, that oil which penetrates 
the quickest and the most completely being considered the best; 
(2) cooling action, which may consist of a combination of conduction, 
convection, and vaporization processes; (3) lubrication, which is 
believed to occur primarily on the top surface of the tool under the 
chip. It is probable that efficient lubricating action is desirable 
in most operations, both in order to reduce the amount of heat 
generated, and in order to produce a more uniform back pressure on 
the chip, resulting in a more uniform diameter and finish. On the 
other hand, it is conceivable, in some operations. . .that high friction 
rather than low friction is requisite. 

We are very much in the dark regarding these phenomena. It 


13 Cf. Bureau of Standards Circular 296, Research Associates at 
the Bureau of Standards, 20 pp., Nov. 18, 1925; Mechanical Engi- 
neering, vol. 50, Aug., 1928, p. 594. 
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is believed that a closer knowledge of these conditions, such as can 
be obtained in the laboratory by microscope observations and in 
various other ways, will prove to be of fundamental importance in 
the further development of our research, even though such knowledge 
may not have direct application to shop practice. 

Finally, a third, and eventually the most important, phase of the 
investigation should consist in determining the physical properties 
of a large number of cutting fluids and comparing these properties 
with the measured, metal-cutting performance values of the same 
oils, described above, in connection with the first phase of the prob- 
lem.. . 

If it is found that high numerical values of certain properties are 
always associated with good numerical performance of the oils on 
metal-cutting operations, we may conclude that such properties are 
essential, and vice versa. 

It is not expected that there will be any close correlation between 
the metal-cutting performance of the oils and the customary labora- 
tory tests such as are now in vogue. On the contrary, it is expected 
that a number of new properties must be determined in the labora- 
tory, including several tests recognized by research workers in the 
field of lubrication, such as oiliness, viscosity under high pressure, 
etc., and that still further properties must be determined which 
have not yet been investigated to any extent even by research workers 
in lubrication, such as adhesion, spreading power, and the tempera- 
ture coefficient of surface tension. 

The history of similar scientific investigations successfully con- 
ducted in the past!‘ leads us to expect that a systematic search for 
correlations between the observed cutting performance of lubricants 
on the one hand, and various new physical properties on the other 
hand, will lead to a practical basis for cutting-fluids specifications 

The expense of undertaking this investigation has been estimated 
at $10,000, which would be used for the salary of a research associate 
and other expenses at the Bureau of Standards during a period of 
two years. 

It is not to be expected that at the conclusion of this two-year 
period the subject will have been settled for all time to come and 
every problem solved. It is rather to be hoped that within the 
period stated a substantial beginning can be made, and that a suffi- 
cient number of questions can be experimentally settled to enable 
the Committee to judge what further plans should be made. 


The following are among the items of equipment available 
at the Bureau of Standards for cutting-fluids research: 

1 High-pressure pump and intensifier constructed at Harvard 
University from the designs of Prof. P. W. Bridgman, capable 
of developing hydrostatic pressures up to 100,000 lb. per sq. in. 
and beyond, for use in investigating the viscosity and plasticity 
of cutting fluids at pressures comparable with those existing under 
the chip near the edge of a cutting tool. 

2 Cutting-fluids friction machine (sometimes referred to 
as the grooved-specimen machine), designed by Dr. H. C. Dick- 
inson for determining the coefficient of friction and comparative 
oiliness of different pairs of metals, representing work material 
and tool material, when lubricated with various cutting fluids 
under contact pressures that can be varied over a wide range and 
can be made sufficiently high to cause rapid wear and abrasion 
of the metal surfaces. '¢ 

3 Herschel oiliness machine'’ (sometimes referred to as the 
disk-friction machine) for determining the comparative oiliness 
of various metal and lubricant combinations at very low speeds, 
and under loads that are high enough to make the coefficient of 


14 Noteworthy examples of research leading to the formulation of 
quantitative relations where chaos reigned at an earlier date are to 
be found in the following A.S.M.E. publications on closely parallel 
problems: (1) “General Heat-Transfer Formulas for Conduction 
and Convection,’”’ by E. R. Cox, Trans. A.S.M.E., PET-50-2, 1928; 
and (2) “‘The Effect of Running In on Journal-Bearing Performance,” 
by S. A. McKee, Mechanical Engineering, vol. 49, Dec., 1927, pp. 
1335-1340. 

18 Described by Hersey, M. D., and Shore, H., in ‘‘Viscosity of 
Lubricants Under Pressure,’’ Mechanical Engineering, vol. 50, 
Mar., 1928, pp. 221-232. 

16 Described by C. F. Marvin, Jr., in ‘‘A Machine for Comparing 
the Lubricating Properties of Oils at High Pressures,” Trans. 
S.A.E., vol. 17, 1925, pp. 287-289. 

17 Annual Report of Director, Bureau of Standards, Department 
of Commerce, 1928; Proc. A.S.T.M., vol. 28, 1928. 
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friction practically a constant for any one combination of ma- 
terials, without being high enough to cause abrasion of the 
polished specimens. 

4 Kingsbury oil-testing machine,'* a vertical-spindle ma- 
chine by which fairly high bearing pressures can be produced 
over a known area of contact under conditions favoring “‘bound- 
ary lubrication” as distinguished from fluid-film lubrication. 
Frictional resistance is measured by the deflection of a torsion 
wire. 

5 Precision thermoelectric equipment for measuring tool 
temperatures both by the interior thermocouple method and by 
the tool-work thermocouple.’ 

6 Lathe equipped for research on rough turning by the tool- 
breakdown method™ and on finish turning by the leading-and- 
trailing tool method*! (the latter comprising two tools rigidly 
held in the same tool post; cutting performance measured by 
amount of cutting done before the leading tool dulls sufficiently 
to bring the second tool into action). 

7 Dynamometers of several types suited for lathe and planer 
investigations, including (a) a N. P. L. dynamometer®? (6) an 
Emery dynamometer specially constructed for the Bureau of 
Standards,** and (c) a proposed construction of a small dynamom- 
eter of the De Leeuw type for investigation of tangential force 
in lathe operations with different cutting fluids.** 

The Bureau of Standards has in the past cooperated in its 
study of cutting fluids with the Washington Navy Yard and 
other Government establishments where machining operations 
are conducted on a large scale. It is expected that this coopera- 
tion will continue and that the Bureau will further be aided by 
the members of an unofficial technical advisory group recently 
formed, comprising a fairly large number of experts representing 
the combined experience of many of the leading makers and 
users of cutting fluids in the United States. 


UNIVERSITY OF MICHIGAN PROGRAM 


Experiments on the machinability of metals are being con- 
ducted in the Machine Tool Laboratory at the University of 
Michigan, Ann Arbor, Mich., using among other equipment the 
following: 


1 Planer with specially designed dynamometer® 


18 Kingsbury, A., ““A New Oil-Testing Machine and Some of Its 
Results,’’ Trans. A.S.M.E., vol. 24, 1903, pp. 143-160. 

1% See Bibliography, Ref. 30 (Dec., 1924), pars. 43-53, also Ref. 33 
(Mar., 1925). Acknowledgment is made to Dr. Lyman J. Briggs 
of the Bureau of Standards for proposing the use of the ‘‘tool work 
thermocouple” in cutting-fluids research early in 1920, although it 
was not generally known by this name until after the publication of 
a paper by E. G. Herbert (Ref. 41, June, 1925). The independent 
use of this device both by Herbert in England and by Gottwein in 
Germany (Ref. 42, Nov., 1925) may be accepted as evidence of the 
practicability of the method. 

20 French, H. J., and Strauss, J., ‘‘Lathe Breakdown Tests of Some 
Modern High-Speed Tool Steels,” Bur. Stands. Tech. Paper No. 228 
(1923); French, H. J., and Digges, T. G., “‘Rough Turning With 
Particular Reference to the Steel Cut,’’ Mechanical Engineering, 
vol. 49, 1927, pp. 339-354. 

21 French, H. J., and Digges, T. G., “Effect of Antimony, Arsenic, 
Copper and Tin in High-Speed Tool Steel,’ Trans. A.S.8.T., vol. 
13, June, 1928, pp. 919-940; note especially Fig. 2 and pp. 923-924. 

22 Stanton, T. E., and Hyde, J. H., Proc. Inst. M.E., Jan., 1925, 
20 pp.; note especially Fig. 30 and pp. 2-5. 

23 Ref. 10, p. 196. 

24 A rigid framework carrying the cutting tool is mounted, by roller 
bearings, directly upon the shaft which is being cut in the lathe. 
Thus the rollers, together with the cutting tool, form the only points 
of contact between the dynamometer and the work being cut. The 
framework acts as a pendulum so that the angle of deflection during 
steady operation is a measure of the tangential force on the cutting 
tool. 


*® Ref. 46, pars. 7-13; note Figs. 2-6. 


2 Drill equipped for penetration measurements under con- 
stant load?é 

3 Drill equipped with dynamometer for torque and thrust 
measurements”® 

4 Oxford single-tooth milling cutter, pendulum type, pro- 
viding a measurement of the energy absorbed by the cut.?? 

The study of cutting fluids is closely related to that of ma- 
chinability. There has been some debate whether comparative 
machinability values are affected by the choice of cutting fluid. 
The influence of the cutting fluid must therefore be investigated 
to determine whether or not it is permissible for machinability 
ratings to be based upon a dry cut. This investigation will be 
undertaken at the University of Michigan, utilizing the above 
equipment. 

A second object that can be served at the same time consists 
in determining whether or not a given series of cutting agents 
will stand in the same order of sequence when rated by these 
various types of machinability test. It is hoped that this phase 
of the work can be supplemented by running the same series of 
cutting agents through several further tests available elsewhere, 
including a lathe dynamometer at the University of Cincinnati, 
and certain of the Bureau of Standards tests. 

Thus the objects of this University of Michigan work are 
primarily qualitative and concrete and can be accomplished 
without knowing the numerical values for the physical properties 
of the fluids investigated, while the Bureau of Standards program 
is an attempt to determine the general quantitative relation 
connecting cutting performance as a dependent variable on the 
one hand with the numerous physical properties of a cutting 
fluid taken as independent variables on the other. Whatever 
conclusion is reached from the University of Michigan work will 
have an important bearing on the selection or development of 
the most suitable performance tests for the Bureau of Standards 
investigation. 


PracticaL SHop Tests 


After determining by laboratory research under closely con- 
trolled conditions what the essential factors governing cutting- 
fluid performance are, and after mapping out as broadly as 
possible the relations connecting the different variables, it will 
be desirable to check the conclusions reached by conducting 
practical shop tests under quantity-production conditions. 

This point of view has been confirmed and very clearly stated 
in the following letter from one of the largest users** of cutting 
fluids: 


In general, we believe that selection of cutting fluids has to be 
considered in the terms of their basic functions, of which the most 
important are the cooling, lubrication, washing out chips, and pro- 
ducing a smooth finish. Therefore, our suggestion for a basic re- 
search on this subject would be along the following lines: 

1 There are at least two major fields to investigate—(a) light 
cutting, and (5) heavy cutting. 

2 We would suggest that a series of preliminary tests be conducted 
on a suitable lathe or screw machine, equipped to measure (a) force 
exerted upon cutting tools, (b) the temperature at the cutting point 
of tool, and (c) power input of the machine used. All factors sur- 
rounding the test should be kept constant, and the cutting fluid be 
the only variable. 

3 We suggest that the preliminary tests be followed by a series 
of confirmatory endurance tests, extending over a longer period of 
time. Such tests could probably be performed in suitable automatic 
screw machines or lathes. The quality of the cutting fluid should 
be measured by (a) the life of the tool used, e.g., how many parts 


26 Boston, O. W., ‘‘Machinability of Metals,’”’ Trans. A.S.S.T., 
vol. 13, Jan., 1928, pp. 49-86-94. 

27 Airey, J., and Oxford, C. J., “On the Art of Milling,” Trans. 
A.S.M.E., vol. 43, 1921, pp. 549-614; note Fig. 25. 

2% Western Electric Co., Chicago, Ill., by F. C. Spencer, Asst. 
Supt. of Manufacturing Development. 
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will a tool produce before its cutting edge wears off a given amount, 
(b) finish of the product, (c) the power required, and (d) the size of 
the work maintained. 

We believe that the results of such tests as suggested above could 
be correlated with the physical and chemical characteristics of the 
fluids used, and thus be of real value to the industry in general. 


Survey oF CurRENT PRACTICE IN THE UNITED STATES 


The following inquiry was sent out from the Bureau of Stand- 
ards to a number of the largest users of cutting fluids in order 
that our Committee might obtain all possible benefit from the 
experience of others: 


This Bureau in cooperation with the Special Research Committee 
on Cutting of Metals. ..is now engaged in outlining an experimental 
program to determine the most effective selection and use of cutting 
fluids. 

As a foundation for this study it will be appreciated if you can 
supply the Committee with recommendations based upon your own 
production experience, indicating what you consider standard prac- 
tice in regard to selection of cutting fluids for the various machining 


-operations and materials to be cut. 


If you have conducted experimental work on cutting fluids, we 
should be glad to be guided by your research experience in order to 
avoid duplication. We should especially welcome suggestions on 
the following problems: (1) Selection of the most suitable quantita- 
tive performance tests for comparison of different cutting fluids on 
actual metal-cutting operations. (2) Discovery of facts regarding 
the nature of the penetrating, lubricating, and cooling actions of the 
fluid. (3) Correlation of cutting performance with physical and 
chemical properties of the fluids so as to determine what properties 
are essential. 


Forty-four replies were received from the leading manufac- 
turers of automotive, steam, and electrical machinery, machine 
tools, and other products. In general, these contain valuable 
information and will be kept on file for future reference by the 
Committee.2® Extracts from a number of typical replies are 
quoted below. From these it will be apparent that very little 
attempt has been made to conduct quantitative research in this 
field. 


(a) As Many Opinions as There Are Venders and Users 


Due to the fact that practically all of the cutting fluids on the 
market at this time are compounded or a blend of various oils and 
fats, there are about as many views or opinions (as to which is the 
best) as there are venders and users. However, after a number of 
years on production work (cutting metal), we have standardized on 
three types... 

(b) Various Divisions Not Yet in Accord Among Themselves 

We are not in accord among ourselves as to the proper specifications 
for cutting oils for certain specific purposes 

There is so much that enters into the question of cutting fluids 
that we must consider a mixture that will suit each individual job. 

I think the first step to be made in standardizing on a cutting 
fluid is to demand a standardization on tool steel first. As you know, 
no definite specification is used covering the different grades of tool 
steel. Tool steels are sold by trade name, and where one particular 
brand of tool steel is used on one job with success, it is not all adapted 
for another. While this is the case, it will be difficult to standardize 
on a specification for cutting fluids. 

(c) Practice Based Upon Empirical Information; Varies in the 
Different Shops 

The practice at our various shops varies through such a wide range, 
and is based on information so completely empirical, that we do not 
think our experiments would be of any value to you. 

(d) No Laboratory at the Plant for Diagnosing Cutting Oils 

We have forwarded your request to the Company, seeking 
the information which you requested in your letter, and they have 


replied to us as per copy herewith. 
We might say that we do not have a laboratory in connection 


29 Detailed formulas, specifications, or trade names for the fluids 
used were included in nearly all replies, but have been considered 
confidential and therefore omitted in compiling extracts for publi- 
cation. 


with our plant, wherein we are able to diagnose the cutting oils 
that we are using. 

We make our requirements known to the oil people and they supply 
us with the lubricant necessary for the particular jobs, provided 
these jobs are special. 


(e) Work Done So Far Can Hardly Be Dignified as Research 


Although we have tried several cutting fluids for the various ma- 
chining operations we perform. ..,we have not yet reached the point 
where we are in position to make recommendations based upon our 
experience. The work we have done so far can hardly be dignified 
by the designation of research work. We have simply been trying 
various samples submitted to us by manufacturers, each of whom 
of course claims his product to be the very best. 


(f) Never Attempted to Discover What Ingredients Have the Best 
Cooling or Lubricating Properties 

Our practice in the selection of cutting lubricants has been quite 
simple. From time to time we call in the best-informed field repre- 
sentatives of the producing companies. These representatives and 
our own men study the more difficult jobs and make comparisons of 
the performance of the fluid recommended and the material in use. 
If an improvement in quality can be obtained, the cutting fluid 
under test will be adopted unless the price be prohibitive. 

We have never attempted to make a careful quantitative per- 
formance test. We reclaim cutting oils by passing the chips through 
an extractor. During a trial run of a new cutting fluid, we keep 
it in service long enough to determine whether it will become putrid 
or develop any objectionable characteristics of this sort. 

We have never attempted to discover what ingredients have the 
most beneficial cooling or lubricating properties. 


(g) No Effort Made to Discover the Physics of Cutting-Fluid Action 

After having unsuccessfully endeavored to utilize two specially 
constructed devices for measuring reduction of work or effort by 
a lubricant or coolant, our engineers have come to the conclusion 
that the only satisfactory test is an actual shop-production working 
test. 

Experimental work on cutting fluid is continually going on. How- 
ever, it is regretted that we cannot give you any definition regarding 
the selection of a suitable quantitative performance test, in view of 
our having determined that for our own use an actual production 
test was necessary. 

No effort has been made to discover the physics of the action of a 
cutting fluid. 

After having worked for a number of years on this project, it has 
just recently been decided that physical and chemical specifications 
would be discarded and that cutting compound would be purchased 
from reputable makers upon nothing more than a_ performance 
specification. 

While it may be possible to make physical and chemical tests on 
cutting compounds, the cost of making such tests on each shipment 
of compound would probably be ten times the cost of the shipment. 
This is not economic. 

All these things being the case, we have come to the conclusion 
that for our purpose, we can get the greatest cutting efficiency at the 
least cost by running an actual performance test and comparing 
various coolants and lubricants thereby. 


(h) No Correlation Found Between Chemical Tests and Cutting 


Efficiency 
During the past two years we have tried out a great many cutting 
oils...An attempt was made at the start to select oils by laboratory 


tests, that is, to obtain the saponifiable matter, sulphur content, 
flash and fire, viscosity, and distillation curves. These data were 
very confusing when an attempt was made to correlate them with 
cutting efficiency in the shop. It was therefore decided to drop the 
laboratory phase and test oils entirely from the practical phase, 
that is, to put the oil in the machine and to study tool life, finish, etc. 
None of the prepared oils measured up to a mixture made from a 
concentrated base supplied by one of the large oil companies. We 
have now standardized on this base...The literature available on 
cutting oil is very vague and misleading, especially when an attempt 
is made to bridge over these data with practical application. 


(i) No Quantitative Performance Test 

The Company does not have any quantitative performance test 
for cutting fluids. Actual production experience, however, through- 
out the shop under a large variety of conditions has led to certain 
practices. These are based on the particular needs in a given 
operation as to whether the main object to be accomplished is cooling 
and washing away of chips, or lubrication and washing. As a rule 
this generalization is more or less flexible. Other objects, of course, 


‘ 

. 


in the choice of a compound are considered, such as the protection 
of machines, taps, dies, and the machined parts from wear and 
corrosion. 


Record Includes Lubrication, Heating, 


and Effect Upon the Skin 

It is our practice to try a number of cutting oils at the same time 
on the same class of work, keeping an accurate record of the per- 
formance of each oil as regards lubrication, heating, foaming, and 
the poisonous effect on the hands and arms of the operators. 

We do not make any tests to show the penetration, lubrication, 
and cooling action of the fluids, although we have in some very rare 
cases had to determine the relative specific heat of the compounds 
used. In two particular cases the work as delivered from the bolt- 
cutting machines was so hot that the operators could not handle 
it except with very heavy gloves. 

We have in some few cases found some of the cutting compounds 
so viscous that the compound was carried away with the work and 
in such cases we have kept account of the numerical performance of 
the compound. 


(j) Performance Foaming, 


(k) Efficiency Measured by Number of Units Cut With One Grind of 
Tool 


There are so many variables present that it is very difficult to 
select a performance test that depends on the cutting fluid only. 
Our usual method is to assume that the material being cut is uniform 
in resistance to cutting, and that the cutting tool remains the same 
throughout the test. The measure of efficiency is then taken as the 
number of units cut with one grind of the tool. This is repeated 
throughout the life of the tool and gives a fair average. 


(1) Compounds Selected for Tool Life and Satisfactory Finish of Work 

Based on results of trials extending over a period of years a number 
of cutting and grinding lubricants have been adopted for production 
work and more or less standardized... 

The above cutting compounds were selected for two reasons— 
longer life of cutting edge of tool and satisfactory finish of work 
being machined. 

Owing to stringent fire-insurance rulings, no oil having a fire point 
less than 300 deg. fahr., or a flash point, in open cup, of less than 
270 deg. fahr. can be used. 


Oils Chosen That Gave Better Cutting Speeds With Less Evapo- 
ration of Oil 

Our experiments with cutting oils are carried on from time to time 
on our automatic and semi-automatic machines. The first point 
which is to be considered is that the liquid must be of a sanitary 
character, as otherwise it is very detrimental to the health of the 
worker 

The second point is that some lubricants leave a hard substance 
on machine ways and moving parts, or cause rusting which naturally 
results in a great deal of mechanical trouble. 

Price also enters into consideration. The major point, however, 
is the cutting quality and cooling quality of the oil for different 
types and classes of material. The following cutting oils have been 
used by our company since 1919 

The reason the above-mentioned oils were finally settled on was 
due to our having been able to-obtain better cutting speeds with 
less evaporation of oil than we have heretofore experienced. 

Another very important factor is that the present oil which we 
are using does not adhere to the material and can therefore be readily 
measured, and that the visibility of this oil is such that a man at all 
times can observe his operation. 


(n) Fluid Which Spread the Most Rapidly Gave Best Results 

With regard to the practice of selecting cutting fluids, we have 
based our selection on practical shop tests, extending at times over 
a period of several months. Our tests were conducted in the follow- 
ing manner: 

A cutting fluid was placed in a screw machine running at a constant 
speed and feed, and producing the same part over an extended period 
of time. At the same time, other cutting fluids were used in similar 
machines, and under similar operating conditions. In order to reduce 
the unaccounted-for variables to a minimum, each cutting fluid tested 
was used in each one of the machines operated, respectively, the speeds 
and feeds and the parts produced remaining constant. 

The choice of piece part to be run in these tests was usually based 
on some particular operation to be performed on the part. Some 
parts afforded a good opportunity to observe thread-cutting opera- 
tions, others tapping operations, etc. 

The tool life and the quality of work produced were taken as a 
measure of the relative values of the cutting fluids used. The test 
would usually show up poor oil in a short time. This would manifest 
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itself in the form of broken drills or taps, an excessive number of 
grinding of tools, and the quality of the work produced. 

While we were able to select certain cutting fluids and eliminate 
others, we have not correlated any of our performance figures with 
the physical properties of the fluids tested. It appeared, however, 
that the fluid which spread the most rapidly gave the best result 
on difficult jobs, such as high-speed turning, drilling, and tapping. 


(0) Emulsions Preferred Because of More Powerful Cooling Action 


We prefer emulsions made from water and oil, on account of their 
much more powerful cooling action as compared with oil alone. 
But where aqueous emulsions cannot be used without injury to the 
bearings of the machine, and where we are forced to use oils, we 
employ...We consider these mixtures superior to mineral lard oil 
or prime lard oil from cutting steel... 

We are not in a position to make an answer to the third paragraph 
in your letter (Research)...We will say, however, that we find it 
of importance in any difficult operation to have an abundant stream 
of oil or aqueous emulsion playing directly on the cutting edge of the 
tool which does the work. 


(p) Hacksawing Needs Anti-Lubricant 
What is required for hacksawing is an anti-lubricant, something 
with a tendency to cause seizure. Kerosene has this tendency, but 
I have not been able to find any aqueous solution possessing the same 
properties. 


One-Third 

For turning operations and certain classes of milling, we are using 
a mixture which we prepare ourselves, and this, by the way, is proving 
very successful in most cases we try. This mixture is prepared as 
follows: ... 

The result is a white, milky appearing mixture that seems to give 
us very satisfactory results as far as tool life and finish are concerned. 
In fact, we have cut our consumption of —— cutting oil down to 
about one-third of what we formerly used and have replaced it with 
this mixture. 

Incidentally, the cost of the foregoing mixture is very much less 
than the cutting oil formerly used. 

As far as we know, there is no real scientific basis for the mixture 
as given you above. It has rather been the result of a cut-and-try 
process. 


(q) Consumption of Cutting Fluid Cut Down to 


(r) Generous Application of Cutting Fluid Allows Speeding Up 
Machinery 

It is quite difficult to do all kinds of work with one strength of 
solution, and our experience has taught us not to do it. 

Penetration does not enter in the cutting of metals so much as 
lubrication or cooling, and cooling takes preference, and the applica- 
tion of the cutting fluid should not be sparingly, but generously 
and without force. This allows speeding up machinery to greater 
r.p.m., and in many instances greater feed. 

We have never conducted any really extensive research along these 
lines. 


TABULAR METHOD FOR ANALYZING UsE oF CutrtiING FLuIps 


The chart given in Appendix No. 2 has been devised by 8. A. 
McKee of the Bureau of Standards as an aid in correlating the 
information received from the numerous users regarding the 
selection of cutting fluids for any given operation and material. 
Copies have been mailed to all companies which replied to the 
foregoing inquiry, and to a number of others. When the com- 
plete returns are available, it is expected that a composite chart 
can be prepared and a brief report published, analyzing the 
results obtained. 

The following data will serve to show the diversity of practice 
indicated by the returns thus far received (i.e., from the first 
18 charts): 

1 In the turning of low-carbon steel, seven companies re- 
ported the use of soluble oil + water; two companies, fatty + 
mineral cutting oil; two, dry cutting; one, dry or soluble oil 
+ water; one, sulphonated mineral oil + fatty oil; and one 
reported mineral cutting oil + a compound of unknown com- 
position. 

2 In turning cast iron, seven companies reported dry cutting; 
one, soluble oil + water; and one, mineral cutting oil + unknown 
compound. 
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3 In turning aluminum, two companies reported soluble oil 
+ water; one, kerosene; one, kerosene + mineral cutting oil; 
one, mineral cutting oil + unknown; one, fatty oil + sulphon- 
ated mineral oil. 

4 In turning copper, one company reported mineral cutting 
oil + kerosene; one, kerosene alone; one, dry cutting; and one, 
mineral cutting oil + unknown. 

5 In threading copper, one company reported the use of 
beeswax; one, a mineral cutting oil + unknown; one, a fatty oil 
+ mineral oil; one, kerosene; and one a mineral cutting oil + 
kerosene. 


REcENT EXPERIMENTAL RESULTS 


Preliminary results on several problems forming component 
parts of the Committee’s program are briefly summarized below: 

Measurement of Cutting-Tool Temperatures. The first ex- 
perimental work undertaken by the Special Research Com- 
mittee on Cutting of Metals bearing upon the problem of cooling 
and lubricating the cutting tool consisted in an investigation of 
the possibilities of the tool-work thermocouple (see Bibliography, 
Appendix No. 1; also Footnote 19). Results of this work were 
briefly published by Henry Shore in a paper entitled “Thermo- 
electric Measurement of Cutting-Tool Temperatures,’ and 
will be found in more complete detail with diagrams and original 
data in a thesis filed in the Department of Electrical Engineering, 
Massachusetts Institute of Technology, May 28, 1924. In this 
thesis Shore developed empirical equations for the curves 
obtained when cutting brass and mild steel, using a tool of 
Jessop’s high-speed steel. This equation connecting the tempera- 
ture rise with rate of cutting contains two constants, one of 
which was found to be the same for both metals. 

Cutting Off Steel Disks. The following simple experiments 
were made in continuation of Bingham’s observations on the 
above subject,*! with the object of obtaining quantitative results, 
using a cutting-off tool on a 1°/s-in. diameter round bar of 
mild steel in a lathe. A record was kept of the relative time re- 
quired for cutting off one disk from the end of this bar when 
different cutting fluids were used. The tool was merely fed by 
hand, as rapidly as possible without chattering or gouging. 
In spite of this manual control, repeated tests checked very well. 
The average time required to complete this cut on mild steel was 
found to be 15 min. when cutting dry, 8.7 min. with a certain 
mineral oil, 5.5 min. using water, and 3.5 min. with lard oil. It 
was also observed that two and a half times as much mineral oil 
as lard oil was required. The best finish and most accurate cut 
was obtained on this particular operation when using water. 

It would seem desirable to continue such experiments super- 
seding the manual control by mechanical equipment. As a 
result of these observations it has been thought very probable 
that of two cutting fluids otherwise identical, the better perform- 
ance will be obtained from the one possessing the lower numerical 
value for the temperature coefficient of surface tension. The 
mineral oil, which has the greater temperature coefficient, has a 
more pronounced tendency to run away from the hot spots than 
the lard oil. 

Tests on Cutting Oils with the Single-Tooth Milling Cutter. 
In an unpublished investigation reported to the Sub-Committee 
by N. MacCoull and C. J. Oxford, a series of cutting oils were 
tested by the single-tooth cutter to determine the comparative 
energy absorbed in cutting the same metal with different fluids. 
Sixteen fluids were tested, including animal, vegetable, and 
mineral oils, oleic acid and various mixtures. The energy 
values obtained ranged from a minimum of approximately 4.8 
with fixed oils or oleic acid, up to a maximum of 7.2 units for 


30 Ref. 33. 
31 Ref. 22, pp. 39-42; note particularly fig. 2. 
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certain of the mineral oils. The samples employed have been 
shipped to the Bureau of Standards for further investigation. 

Viscosity and Solidification of Oils Under High Pressure. In 
coordinating the results of viscosity measurements under high 
hydrostatic pressure*? it has been found thus far that both fixed 
oils and paraffin-base mineral oils solidify or become plastic 
above certain critical pressures, while no solidification of a 
naphthene-base oil has yet been observed. Oleic acid solidifies 
the most readily of any liquid thus far tested. On several of 
these fluids practical shop tests have also been conducted. Those 
which solidified the most readily under pressure also gave the 
best cutting performance. It seems desirable, therefore, to 
extend this investigation to a larger number of oils in order to 
prove or disprove the suggested correlation between solidification 
under pressure and good cutting performance. 

Oiliness Tests. The results thus far obtained by testing a 
number of cutting oils on the three types of oiliness machines 
described earlier in this report show that lard oil, oleic acid 
mixtures, and other fluids generally recognized as efficient cutting 
agents are also those which give the lowest friction (or highest 
oiliness) values. Of particular interest are (1) tests by C. W. 
Staples on the Kingsbury oil-testing machine in which several 
of the same oils were investigated which had also been subjected 
to the practical shop tests above mentioned and to the high 
hydrostatic pressure tests; also (2) a series of tests by Winslow 
H. Herschel on the disk-friction machine, in which the metal as 
well as the lubricant can readily be investigated. These various 
oiliness tests will be actively continued as soon as the requisite 
financial support is obtained. 
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ever your work does not include a particular metal or process, please 
cross out the corresponding square. 


DEscRIPTION OF CUTTING FLUIDS 


(Note.—If possible, classify type of cutting fluid under general 
headings provided. A statement of trade name or formula would 
be helpful but not essential. Where exact classification cannot be 
made, use blank spaces for indicating formula or trade name.) 
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Planing 


or for light and heavy work, please indicate accordingly in the 
column headed ‘‘Kind of Duty.’’ Convenient symbols are: R 
(roughing), F (finishing), H (heavy), L (light), and A (all). 
Indicate cutting fluid by symbol given in the chart. For example, 
if lard oil is used for the turning of low-carbon steel, place letter D 
in the square representing the turning of low-carbon steel. When- 
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Operations 


Discussion 


. Joun C. Suarp.*? This entire report strengthens the opinion 
that, in order to secure authoritative data on cutting fluids, it 


38 Lubricating Engineer, Standard Oil Company of Indiana, 


Chicago, II]. Mem. A.S.M.E. 


will be necessary to have a carefully controlled series of experi- 
ments performed by competent observers. The lack of interest 
and time on the part of large manufacturers, the non-uniformity 
of conditions, and the lack of scientific observations are factors 
which prevent hope of securing needed information from any 
other place than that designated for it. It is for these reasons 
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that, if investigations are to mean anything, they must be 
carried out at some plant or institution where the necessary 
equipment is available. The investigators and observers them- 
selves must be educated and experienced along the lines of 
securing the few real facts from a multitude of test results. 

The replies to the questionnaire sent out plainly indicate that 
conditions are ununiform and that the work at one plant can 
scarcely be compared with that of another. In addition to that, 
the testing of cutting oils and fluids is too often left in the hands 
of inexperienced observers who are likely to make incorrect 
assumptions from the results that they secure. Another factor 
is that insufficient tests are run to give any real comparison be- 
tween the various cutting fluids. These conditions coupled 
with our own experiences tend to make us doubtful concerning 
the scientific value of tests run in the ordinary shop. Some very 
general statements could be made after a survey of the various 
manufacturing plants, but that is all. 

The section of the paper concerning the unsettled question of 
cutting-fluid performance is very interesting, but it is possible 
that many of these questions could be answered, at least par- 
tially. The success of some of these operations depends almost 
wholly upon the viscosity of the cutting fluid used. This does 
not necessarily mean that any cutting fluid of the proper vis- 
cosity would do the work, but that if the proper cutting fluid is 
made with the correct viscosity, then the problem is made more 
simple. The nature of the tools used and the method of re- 
moving the metal will also answer some of these problems. Of 
course, some of these questions very likely will remain unanswered 
for some time. 

There are a number of cutting operations upon which most 
any cutting fluid will work satisfactorily, and naturally an in- 
vestigation of these processes would be valueless. There are a 
number of operations upon which the difference between cutting 
fluids is readily discernible. These vary widely in the method 
in which the metal is removed, and it is almost certain that cutting 
fluids perform a different function in each operation, although 
being similar in a general way. These phases of the question 
should all be investigated as they might lead to answers to some. 

In observing the difference in cutting fluids, the difference in 
finish is discernible in many cases to the practiced eye. The 
difference in power consumption is very difficult to secure due 
to the fact that variations in the metal itself will cause more 
variations than the power consumed. The difference in tem- 
perature secured can be recorded most readily, but it does not 
always follow that the oil giving the lowest temperature is the 
best cutting medium. The entire problem is very confusing, and 
it is hoped that the work of this committee will lead to securing 
some definite facts about cutting fluids. 


Hi. S. Dickerson.** Representing the oil end, being with an 
oil company, I want to make an appeal to the Research Com- 
mittee to take into consideration the use of cutting oils as found 
in the actual commercial shop in addition to their investigation 
in the laboratory. I think this is especially important because 
it would bring out many factors which might otherwise not be 
considered when the research work is performed under ideal con- 
ditions. 

For example, sometimes the color of the oil is important in 
order that the work and the tool may be seen through the oil, 
or an oil of supposed correct viscosity for certain operating 
conditions may not produce the best cutting results in practice. 
In other words, explaining a little more fully, an oil may be used 
with too high a resulting temperature, and it might be thought 
necessary to use a heavier-bodied oil in order to provide the 
proper viscosity at this high temperature. However, as a 
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matter of fact, it is found, after experiments in the shop on 
this material, that many times by reducing the viscosity of the 
oil the temperature will be reduced, thus giving the desired re- 
sults. 

It is not always advisable to have a particular mixture for each 
machine and each process of work. You may want to use the 
same mixture on a bank of machines in order to avoid the possi- 
bility of getting a wrong mixture of oil on some machine. In 
that case you must investigate the overlapping possibilities of the 
oil on your widespread variation. 

Again, how much oil is carried away on the chips and how 
much of a film is left on the work to act as a slushing oil are 
problems which must be taken into consideration. There is 
always the question of application, the importance of having 
the fluid get to the end of the tool. The per cent of sulphur is a 
very interesting subject which requires much investigation. As 
for the different kinds of material to be used in the study, it is 
suggested that the committee experiment with material having 
hard spots on it so that the oil must withstand the severest con- 
ditions. 

Many times, the finish is not the most important consideration, 
because a certain kind of product may be a quantity proposition 
rather than quality, depending upon its use. 

The question of the stability of the oil, such as the settling of 
the sulphur, many times is an important question. Therefore 
the kinds of systems used in connection with the oil must be 
taken into consideration. I believe the study of soluble oil is 
as important as the so-called cutting oil. 

Further, there are peculiarities in the various methods of mix- 
ing a soluble oil with either hot or cold water. I have found in 
the use of some oils that in making a primary mixture it would 
be much more stable with a primary mixture of 1 to 3 instead of 
1 to 1 mixture; also that a more permanent mixture could be 
formed by pouring the oil into the water instead of the reverse. 
Likewise the kind of water has an important bearing on the 
stability of the mixture. 

It would be interesting to have more information as to where 
to use a straight mineral oil, a cutting, or a soluble oil. The 
storage of both soluble and cutting oils is an important item. 

I want to second the previous discussions in which the thought 
was brought out that any laboratory work should be done in 
connection with shop work, and also that where there are any 
tests made in plants, they should be reported so that such tests 
may be analyzed by the committee. 


Hersert B. Lewis.* The writer would like to raise the 
point of the method of choosing cutting oils. It would seem that 
a practical test of a sample of cutting oil should be made before 
the laboratory work is carried on in order to make sure that one 
wished to investigate that particular oil. It is not meant by 
this that one would pick only the best oils for the laboratory test, 
but it will give an opportunity of knowing during the test what 
the practical value of the oil is and might possibly cause observa- 
tion of certain characteristics which might otherwise be passed 
by. It would seem that practical tests, both before and after 
the laboratory test, might be highly desirable. 


W. H. Otpacre.* It is very gratifying to us as cutting-oil 
men to find the attention of this Society becoming more definitely 
focused on the problem of cutting fluids. During some twelve 
years of experience in the producing line we have been somewhat 
amazed to note that this problem is generally referred to as an 
art and not asascience. To any one who reads the data collected 


3% In charge of Experimental Department, Brown & Sharpe Mfg. 
Co., Providence, R. I. Mem. A.S.M.E. 
3% Factory Manager, D. A. Stuart & Co., Chicago, IIl. 
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by Dr. Hersey it is apparent that it is indeed an art, with all 
of the eccentricities and variables of an art, and, we are some- 
times forced to the assumption, with a large measure of artistic 
temperament which is supposed to be a prerogative of artists 
and not of engineers. 

Before turning to some of the questions raised in this report I 
would like to ask that you as individual engineers, particularly 
those of you who are factory engineers, give vour closest personal 
attention to any cutting-oil tests, so-called, that may be run 
in your shop. I have found very few cases where cutting-oil 
tests were under the observation of competent engineers. It is 
generally the case, even where a so-called fair test is offered, 
that the engineer passes it to the foreman, the foreman passes it 
to the straw boss, and the test gets down to the operator and 
sometimes to the laborer who puts the oil into the machine, 
to determine whether results are satisfactory. The next time 
there is a cutting-oil test run in vour plant, I trust this session 
will interest you sufficiently so that vou will insist on knowing 
something about it, and as an oil man I would suggest that you 
insist before running the test on knowing something about the 
oil you are running, and it is not always sufficient to have a 
laboratory examination of the oil. 

The first question asked is: Why is lard oil, a representative 
fatty oil, better than mineral oil for cutting metal, and why 
does a journal bearing run hot when lard oil is substituted for 
mineral oil? Our experience would not indicate that such is the 
case. Whenever a bearing is lubricated with a fatty oil of 
corresponding cleanliness and viscosity, it has been our experi- 
ence that it runs cooler than does a corresponding bearing lu- 
bricated with mineral oil. We should keep in mind that lard oil 
is representative of practically all fatty oils that are suitable for 
this use. 

That takes us back, perhaps, to something we should have 
taken up first, the matter of classification. Without any feeling 
of criticism we would suggest to Dr. Hersey and his contem- 
poraries that they classify a little more accurately. For in- 
stance, under type 2, we have fatty oils, mineral oils, and com- 
pounded oils, the compounded referring to anything else prac- 
tically. It seems to me that the sulphurized oils are worthy of a 
separate classification. Sulphurized oils are the one synthetic 
cutting oil. Sulphur added to mineral oil does in some cases 
produce better results, I think I am safe in saying, than fatty 
oil, so that through the use of sulphur we do synthesize a cutting 
oil, and that should be particularly interesting. I think it is 
worthy of a separate subdivision. 

Taking that in connection with the next item of emulsions, 
where water and oil containing sulphur are one division, I 
would like to call your attention to the fact that we should 
differentiate between sulphurized oils, which are oils in which free 
sulphur has been added and brought into more or less clese com- 
bination, and those oils which contain sulphur in the form of 
sulphonates or other compounds. For instance, in our soluble 
emulsions some are produced by the mixture of an emulsifier 


AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


consisting of sulphonated fatty oil. That would differ from an 
emulsion in which there was a sulphurized oil in the suspended 
or oily phase of the emulsion. I trust that is not too technical, 
but there is a very sharp distinction that should be made there. 

We might, if we would presume to suggest some things that 
are worthy of investigation, suggest the matter of the profile of 
the cutting tool. If we accept the assumption of Kingsbury 
and Taylor that the chip splits ahead of the edge of the tool, 
then we must find some further assumption to account for the 
finish of the product, because it is obvious that if the chip splits 
off ahead, then the finish of the metal will be determined to a 
certain extent by the grain of the metal and cannot have any- 
thing of a burnished or smooth finish. 

That takes us down to question No. 7 where it said a polished 
cut was required. That is frequently the case. When trying to 
get a polished cut using prime lard oil, a white or frosty appear- 
I think a closer investigation of cases of that 
There has 


ance was secured. 
kind will indicate that the frosty cut is a free cut. 
been no scavenging, as perhaps we might call it, by the edge of 
the tool. Some of you who are accustomed to scraping in a 
bearing know that when you attempt to get a very smooth finish 
vou scrape with a negative rake, and when you attempt to get 
free cutting you have a positive rake. The influence of the 
rake angle on the tool is of course considerable, and that is a 
matter that has to be fixed in every test that is run. 

The question of cooling and the question of lubrication are of 
course vital. There is always some cooling action. I notice 
that the committee report assumes that oils have little cooling 
action and water has the maximum cooling action. While oil, 
of course, has relatively less cooling action than water, it is 
certain that it has a great cooling action when applied to a ma- 
chine with a high velocity flow. On the other hand, take the 
soap-type soluble oils or emulsions. From some investigations 
conducted on their quenching efficiency, they seem to have no 
direct or at least a lower direct cooling quality than do the oils. 
In other words, a piece of steel quenched in a 40 to 1 soluble-oil 
solution will be softer than a piece quenched under identical 
conditions in an oil. That leads us to ask, just where does 
the cooling effect of a soluble oil on a machine take place? I 
might suggest there that it would be interesting to use a water- 
cooled tool; that is, a flow of water through the tool holder, 
depending upon the conductivity of the metal for cooling, and 
then applying lubrication in the form of an oil, and see what 
results would be obtained. 

This is a very complex field, of course. Our contemporary, Mr. 
Shope, of the Standard Oil Company, has outlined the difficulties 
that exist in getting definite data. We oil men have too often 
been dismissed with the statement that the oil business is the 
“bunk” anyway, and perhaps it has been, but we can assure 
you some of us are vitally interested in getting at the facts of 


the case. We are doing all that we can to promote accurate 


investigation, and it is our desire to cooperate in this investiga- 
tion to the greatest extent. 
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Large Spiral Bevel 


By ALLAN H. CANDEE,' ROCHESTER, N. 


The paper deals with recent developments in the manufacture of 
large bevel and hypoid gears, the principal subjects being: 

1 Large bevel gears of greatly improved running qualities due (a) 
to generating instead of planing the teeth, and (6) to the use of spiral 
teeth instead of straight teeth; 

2 A new type of large bevel-gear generating machine designed at 
the Gleason Works, with a description of the unique combination of 
mechanical movements used to produce spiral teeth; and 

3 The accurate generation of large hypoid gears in which the 
axis of the pinion is offset from the axis of the gear, thus making it 
possible for the two shafts to continue past each other. 


two general types, usually called planers and generators, 

in which the tooth-profile shapes are produced by en- 
tirely different methods. The planers were the earlier type to be 
developed. In them the profile shape is obtained from a former 
or templet by a direct copying method, and is planed out by the 
small rounded point of a single tool. The results obtained in the 
finished gears depend to a large degree upon the human skill 
involved in making and using the former and in adjusting the 
tool. 

In generating machines, which were a later development, the 
profile curves on the sides of the teeth are produced by the relative 
motion in the machines between the tools and the gear blank, the 
cutting being done by the straight-edged sides of the tools. This 
method is easily understood by thinking of the cutting edge of the 
tool as lying in the side of a crown-gear tooth, and realizing that 
the relative motion required is the same as would occur if this 
crown gear were to roll in engagement with the gear being cut. 

Straight-tooth bevel gears are cut by both methods by recipro- 
cating the tools in straight lines directed to the cone apex. In the 
Gleason spiral-bevel-gear generator, a circular rotating cutter is 
substituted for the straight-line reciprocating tools to produce 
spiral bevel gears, or gears with curved and oblique teeth. Usu- 
ally the tools work on one tooth at a time, and when that is fin- 
ished the blank is indexed for the next tooth. 


M ACHINES for cutting teeth in bevel gears are divided into 


CoMPARISON OF PLANED AND GENERATED BEVEL GEARS 


In comparing the planing and generating methods, it may be 
said that the tooth shapes in planed gears are not so uniformly and 
reliably formed as in generated gears because, as previously men- 
tioned, the human element enters largely into the work. Also the 
finish produced by the small rounded tool point is comparatively 
coarse. The planing machines, however, are considerably lower 
in cost. In generated gears the tooth shapes are obtained by a 
method which is completely mechanical, and therefore the results 
are more uniform. The finish produced by the flat side of the 
tool is very much smoother. It is common experience that gen- 
erated gears are smoother and quieter in operation than planed 
gears. Planed bevel gears are still extensively manufactured, 
but generated gears have mostly superseded them where smooth 
and quiet running is important and where the gear dimensions 
have come within the capacity of generating machines. 


1 Mechanical Engineer, Gleason Works. Mem. A.S.M.E. 

Contributed by the Machine Shop Practice Division and presented 
at the Rochester Meeting, Rochester, N. Y., May 13 to 16, 1929, 
of THe AMERICAN SocreTy OF MECHANICAL ENGINEERS. 

Note: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 
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and Hypoid Gears 


SprrRAL AND Bevet GEARS 


Considered on the same basis of smooth and quiet running, 
generated spiral bevel gears like those in Fig. 1 are superior to 
generated straight-tooth bevel gears. The principal reason for 
this is that the inclination, or spiral angle, causes the spiral tooth 
to take up the load gradually, whereas the straight tooth comes 
into contact instantaneously throughout its length. Also, the 
spiral tooth remains in contact longer, giving a higher value for 
the average number of teeth in contact. There is usually con- 
tinuous pitch-line contact. For these and other reasons spiral 
teeth are easier to make quiet-running than straight teeth. 


Toots Sprrats 


In dealing with spiral or curved teeth in bevel gears, it is to be 
understood that the spiral shape considered is always that of a 
tooth in the basic crown gear. There the curve lies in a plane and 
can be most readily studied. Thus, in Fig. 2, if the tooth curves 


Fig. 1 Sprrat Bevet GEARS 
(19 and 75 teeth, 3.75 D-P., 3 in. face, 5.067 in. and 20.0 in. diameters.) 


on the pinion were traced on a sheet of paper wrapped around the 
pitch cone, and if the paper were then unrolled into the plane 
pitch surface of the crown gear, the two sets of curves would ex- 
actly coincide. As successive teeth represent a series of similar 
curves equally spaced around a common center, they are natu- 
rally called spirals. 

Experience with spiral bevel gears shows that for a given spiral 
angle the particular form of curve used is of minor importance. 
Ares of circles, spirals of Archimedes, involutes, logarithmic 
spirals, and other curves have been used. What actually de- 
termines the selection of a particular curve for spiral bevel gear 
teeth is the construction, operation, and adjustment of the ma- 
chine which is to cut the teeth. The only way to form teeth of 
logarithmic-spiral shape, for instance, would be by the use of a 
cam, and there are objections to using a cam in machines of the 
type desired. The logarithmic spiral is of special interest to the 
mathematician because along such a curve the spiral angle is the 
same at all points. This is far from being essential in bevel gears, 
however. The really important requirement is that the teeth in 
two gears running together shall have the same spiral form. 

The most convenient way of comparing arcs of different curves, 
as represented by the teeth in spiral bevel gears, is by means of 
the radius of curvature. Thus, Fig. 3 illustrates tooth curves in 
spiral crown gears with radii of curvature respectively shorter and 
longer than the radius of curvature of the logarithmic spiral of the 
same spiral angle. Diagram (a) represents the condition occur- 
ring in most of the spiral bevel gears generated by the circular 
rotating cutter, and as used for drive gears on the rear axles of 
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automobiles. Usually the radius of the cutter is about equal to 
the radius of the crown gear, that is, the cone distance; but it 
may be, say, 25 per cent larger or smaller. The cutter must 
always be large enough to clear the gear at the point opposite to 
the place where the teeth are being cut. Diagram (b) shows the 
relative curvature occurring in the larger spiral bevel gears cut 
by a new type of Gleason generating machine which is to be de- 
scribed. The radius of curvature is so long that in some cases 
the teeth appear to be almost straight, although they are never 
actually so. 


New Gueason Sprrat-Bevet-GeaR PLANING GENERATOR 


Bevel-gear planers for straight teeth have been built for gear 


Fie. 2 


Tootu Sprrats 


diameters up to 16 ft. Until 
three or four years ago, how- 
ever, the diameters of the largest 
bevel gears that could be cut on 
generating machines were about 
36 in. for straight teeth and 34 in. 
for spiral teeth. In the case of 
the latter this was mainly be- 
cause the only commercially 
successful spiral-bevel-gear gen- 
erators made use of the circular 
rotating cutter; and the practi- 
cal and economic limit for the 
diameter of such a cutter seems 
to be about 18 in., which in turn 
naturally limits the size of the 
gear. As it had been apparent 
for some time that there was a 
growing demand for generated 
bevel gears of larger sizes, in 
1925 the Gleason Works com- 
pleted and put into operation the 
first of a new type of bevel-gear 
generating machine, using a sin- 
gle planing tool and capable of 
generating spiral bevel gears of diameters up to 90 in. Since then 
a number of similar machines of 60 in. capacity have been built. 
The gears generated on these machines have proved to be so 
much superior in running qualities to the planed gears of similar 
size previously available that they represent an important ad- 
vance in bevel-gear manufacture. 


SHORT RADIUS 
OF CURYATURE -R 
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Fig. 4 is a photograph of one of these new spiral-bevel-gear 
planing generators, and Fig. 5 shows the front of the cradle with 
the tool and slide. Fig. 6 is also interesting as showing spiral 
bevel gears used to connect the motor to a spiral-bevel-gear gen- 
erating machine. In this particular installation there is a flexible 
coupling between the motor and the bevel pinion. It is more 
common practice, however, to mount the pinion directly on the 
end of the motor shaft. 

To explain the operation of the machine it is necessary to refer 
to five relative motions of the various parts. 

1 The blank rotates continuously at constant speed. This 
motion is one of the factors producing the spiral form of tooth, and 
also brings about a continuous indexing action, which is a de- 
parture from the intermittent indexing of most bevel-gear-cutting 
machines in commercial use. 

2 The tool is reciprocated by the crank and connecting rod 
seen in Fig. 5. During one revolution of the blank the tool makes 
as many strokes as the number of teeth to be cut; that is, the tool 
_nters a new tooth space at each successive forward stroke and 
has to be withdrawn from the cut to clear the face of the gear 
during the return. 

3 The cradle which carries the tool slide is oscillated slightly 
on its axis through the agency of a continuously rotating eccen- 
tric which makes two revolutions while the tool crank makes one. 
This motion of the cradle compensates for the slowing up of the 
tool toward the ends of the cut, and is an important factor in pro- 
ducing the desired shape of tooth spiral. The connection be- 
tween the cradle and the eccentric is made by means of the cradle 
worm, which is reciprocated in the direction of its axis. 

4 The cradle is given a very slow rotation continuously in one 
direction to swing the tool either upward or downward about the 
machine center for the purpose of generating the tooth profiles. 
This rotation of the cradle is effected by rotating the cradle worm. 
5 A component rotation of the blank for profile generation 
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corresponding to (4) is added to the indexing rotation (1) by 4 
differential mechanism in the gear train. 

Of these five motions the first three determine the shape of the 
tooth spiral curve; and the last two constitute the relative rolling 
motions used in all bevel-gear generating machines to produce the 
profile curves. 


| 


ForMATION OF TooTH SPIRALS 


The idea of cutting teeth with a reciprocating tool working on 
a continuously rotating gear blank is not at allnew. The method 
was first patented by a Frenchman, Monneret, and a machine 
of his design for generating bevel gears was shown at the Paris 
Exposition in 1900. Apparently it had no commercial success. 
More recently a small bevel-gear generator has been built in 
Europe in which the tool, instead of skipping one tooth between 
successive cuts, skips a larger number, as seven or more, the pur- 
pose being to obtain a larger spiral angle. One of the serious ob- 
jections to this method of operation is that the number of teeth 
skipped between successive strokes of the tool must not be a 
factor of, or have a common factor with, the number of teeth in 
either the gear or the pinion to be cut. In the Gleason planing 
generator which is being described there are two important differ- 
ences from these older machines. First, in the older machines the 
path in which the tool was reciprocated was directed to the cone 
center, so that the amount of spiral angle obtained was limited to 
that produced by the rotation of the blank; in the new Gleason 
machine the path in which the tool reciprocates can be offset from 
the cone center any required amount, and this makes it possible 
to cut any spiral angle desired. Second, the oscillating motion of 
the cradle is found only in the Gleason machine. The purpose of 
this motion will be shown in the following explanation of the 
kinematics of the machine. 

Diagrams based upon rectilinear coordinates are presented first 
because they are somewhat simpler; later, corresponding dia- 
grams are given for polar coordinates, which represent the actual 
conditions in the machine. 

Fig. 7 shows in a purely conventional way a mechanism which 
would trace a simple sine curve. Explanation is hardly neces- 
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sary. The crankpin and slotted bar reciprocate a tracing point 
in a straight path; and a cord winding on a pulley carried by the 
crank disk causes a board to slide under the tracing point. A 
sine curve is described as indicated. The constructional diagram 
at the right shows the mathematical relationships; and the equa- 
tions underneath give the values for the z- and y-coordinates in 
terms of the crank angle. The way in which such a motion can 
be employed in the formation of an oblique-tooth rack is illus- 
trated in the diagram at the extreme right. As seen there, it is 
necessary to lift the tool out of the cut on the return stroke. In 
the case of the pure sine curve such rack teeth would have a slight 
curvature in opposite directions on the two sides of the center line. 
The circular pitch corresponds to the advance of the curve in the 
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y-direction during one revolution of the crank. It should be 
recognized that in the bevel-gear planing generator the cutting 
motion of the tool corresponds to the reciprocation of the tracing 
point in the z-direction in Fig. 7; and that the continuous rotation 
of the gear blank corresponds to the motion of the board sliding 
in the y-direction in the diagram. 

In Fig. 8 rectilinear motion corresponding to the cradle oscilla- 
tion of the machine is illustrated. There are the same crankpin 
and slotted bar as before; but this time the slide of the reciprocat- 
ing motion is carried on a board which is oscillated in the y-direc- 


Fic. 6 Sprrat Bevet Gears ConnectinG Motor To 90-IN. 
PLANING GENERATOR 


tion by an eccentric. It is to be understood that the eccentric 
makes two revolutions while the crank makes one. With this 
mechanism the tracing point will describe a “figure 8” curve as 
shown. The constructional diagram and equations for the co- 
ordinates are given at the right. 

Fig. 9 shows a combination of the two mechanisms in Figs. 7 
and 8. In this case the y-coordinate is the sum of the ordinates 
of the two component curves. The resultant curve is rather 
similar to the original sine curve. It has been found, however, 
that by properly adjusting the relative amounts of the two com- 
ponent motions it is possible to make the intermediate portions 
of the combined curve surprisingly straight. In the gear-gener- 
ating machine the eccentricity E is adjustable and is varied in- 
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versely with the number of teeth N. in the basic crown gear 
according to the relationship 


constant 
N. 


The calculations in Table 1 give some numerical results. 
Values for the constants have been chosen for 


Circular pitch = unity 


a 
N 2 
N 

N 
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or y = 0.25 
when A = 90 deg. 


The figures in the table have been plotted in the chart shown in 

Fig. 10. Here y; is the sine curve, y: the “figure 8”’ curve, and 

y the combined curve obtained by adding the ordinates of y; and 
2. 

Since in the gear-generating machine the tool actually cuts 
through a distance corresponding approximately to a crank angle 
of 45 deg. each side of the center, we are interested 
mostly in the portions of the curves lying between 
the 0-deg. and 45-deg. positions. Thus, the bend- 
ing of the sine curve in that range can be seen by 
comparing it with the straight line drawn through 
the origin and the 45-deg. point. The greatest 
cl=<—{°~=—soordinal difference between the line and the curve is 

SS about 0.005. 


SSS 
The combined curve is so nearly straight out 
chee ~=Cétov the 45-deg. point that its departure from 
3 SSS. straightness cannot be satisfactorily shown on the 


S53 Cs scale to which it is drawn. Therefore the curve Ys 


( at the bottom of the chart has been added, showing 
“TSSSS}-. the calculated differences between the ordinates of 
. the y-curve and a straight line, which, according 
to the table, are in the neighborhood of one ten- 
thousandth of the circular pitch. This means that 
a mechanism of the kind which has been described 
could be used to cut oblique rack teeth and that 
for 1 in. circular pitch the theoretical departure 
from straightness would be only 0.0001in. It may 
help to indicate how little this is to say that it is 
about one-thirtieth of the thickness of ordinary 


\ 


paper. 

The way in which these mechanisms and motions 
are employed in the spiral-bevel-gear planing gen- 
erator can be seen in Figs. 11 and 12. In Fig. 11 


are shown the parts of the generating machine 


which correspond to the mechanism of Fig. 9. 


LL. 
4 


It should be remarked, however, that the different 
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(Two harmonic motions at right angles.) 
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x:-RsnA. 
YE sin2A 


elements have not been drawn to correct scale, the 


{ illustration being purely diagrammatic. A con- 
x 


necting rod is introduced in place of the slotted 
bar. This causes some slight alteration in the re- 
ciprocating motion, but does not change its general 
character. The principal difference is that the 


Fig. 8 MecHANISM FoR PropucinG “Figure 8’’ Curve rectilinear motion of the board moving in the y-di- 


rection of the diagrams in Figs. 7 and 9, is now re- 

placed by the circular motion of the blank shown 

as a crown gear rotating about the center. Simi- 

larly, the motion produced by the eccentric is os- 

cillation of the cradle and tool about the same 

¥ center, transmitted through the agency of the cradle 

¥, worm acting purely as a rack. Rotation of the 

cradle worm affects only the profile shape of the 

¥2 teeth, and is not included in the present analysis 
of the formation of the tooth spiral. 

Fig. 12 is the corresponding polar diagram to 

show the composition of the motions in the ma- 


©) x = Rsina® chine in producing spiral teeth. There are a num- 


ber of equally spaced points around the crankpin 


y * circle of radius r. The line B indicates the path of 


the tool in its reciprocating motion, and is offset 


ye" Esin 2A from the center of the cradle, that is, the center of 


the crown gear, being tangent to a circle with radius 


= + 
q. The connecting rod is indicated as L; and the 


points in B correspond to those spaced around the 
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TABLE 1 DATA FOR CURVES PRODUCED BY RECTILINEAR MOTIONS IN FIG. 10 
Four equal intervals Four equal intervals 
sin A 0.0 0.17678 0.35356 0.53033 0.70711 0.78033 0.85356 0.92678 0000 
A 0° 10°10'56” 20°42'19” 32°1’40”" 45° 51°17'26” 58 °36'4” 7 °56'18” 90° 
2A 0° 20°21'52” 41°24'38” 64°3’20” 90° 102°34’52” 9=117°12’8” 135°52’36” 180° 
sin 2A 0.0 0.34799 0.66145 0.89922 1.0000 0.97599 0.88940 0.69622 0.0 
yu 0.0 0.02828 0.05751 0.08897 0.12500 0. 14247 0.16278 0.18872 0.25000 
y2 0.0 0.01091 0.02074 0.02820 0.03136 0.03061 0.02789 0.02183 0.0 
y 0.0 0.03919 0.07825 0.11717 0.15636 0.17308 0. 19067 0.21055 0.25000 
ye 0.0 0.03909 0.07818 0.11727 0.15636 
ys 0.0 +0.00010 +0.00007 —0.00010 
v1 = A/360° ve = ordinate for straight line to 45° 
ye = 0.03136 sin 24 3 =y-— ys 
y @=nt 


crankpin circle. On the small eccentric circle with radius E there 
are equally spaced points corresponding to the crankpin positions. 
As the eccentric rotates twice as fast as the crank, there are half 
as many points around the eccentric circle. The equally spaced 
points around the larger circle correspond to the uniform rotation 
of the blank. Then the dotted curve C; is the curve which would 
be produced by the reciprocation of the tool and the uniform 
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Fie. 10 Curves Propucep By REeEcTILINEAR MOTIONS 


rotation of the blank. This, of course, corresponds to the sine 
curve of Fig. 7. (C, is the polar “figure 8” curve. C is the com- 
bined curve, which is the form of tooth cut by the tool. The face 
width of the gear lies within the two 45-deg. positions as indicated. 

In an arrangement of parts like that in Fig. 11 a uniform cutting 
velocity of the tool combined with uniform rotation of the blank 
would produce a definite mathematical spiral. If, instead of the 
connecting rod, a slotted bar were used with the crankpin, as in 
Figs. 7 and 9, such a uniform-velocity spiral would be obtained 
with the same close approximation as the straight line in Fig. 10. 
This is the underlying idea in the design of the machine. The 


added effect of the connecting rod is to lengthen the radius of 
curvature. 


In the diagram in Fig. 12 the length of the crank radius and the 
amount of blank rotation are both increased considerably over 
what is used in practice, for the purpose of showing more clearly 
the general process by which the curves are constructed. This 
increases the amount of curvature. In curves of the dimensions 
actually occurring in gear teeth there is a definite change from 
convex to concave in the case of C;. This is avoided in the curve 
produced by the combined motions, which is made to bend in only 
one direction across the face width of the gear. 


ECCENTRIC 
/ 


Fig. 11 Parts Macutne Wuicu Propuce Toots Curve 


LENGTH OF TooTH BEARING 


Theoretically, the spiral tooth curves in gear and pinion are 
supposed to be identical, which would result in contact through- 
out the length of the teeth. Practically, it is very desirable to 
have a somewhat shorter length of tooth bearing, and this re- 
quires a slight difference in the radii of curvature of the tooth 
spirals. In addition to making it possible to cut a spiral tooth 
with curvature in only one direction in a continuously rotating 
gear blank, with a crank-driven tool, the oscillating motion pro- 
duced by the eccentric also furnishes a most convenient means for 
slightly changing the radius of curvature. Thus in Fig. 13 the 
three points 1, 2, and 3, respectively at the outer end, middle, and 
inner end of the tooth curve, correspond to the similarly numbered 
points on the crank circle and the eccentric circle. At the eccen- 
tric the points 1 and 3 for the ends of the tooth come at the lower 
and upper dead-center positions. Now, if the eccentric is turned 
ahead a few degrees as indicated, there is no appreciable change 
at the ends of the gear tooth, but at the middle there is a shift 
directly proportional to the change at point 2 on the eccentric. 
This shows how, by slightly changing the position of the eccentric 
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relatively to the tool crank, it is possible for the machine operator recently been completed and is now available for such work. 
to change the curvature of the tooth spiral and so control the Fig. 15 is a picture of this press. 
length of the tooth bearing. Fig. 16 shows a pair of the large spiral bevel gears of the new 
Fig. 14 shows the kind of tooth bearing which is generally de- generatedtype. Although the teeth appear to be almost straight, 
sirable in spiral bevel gears, that is, a bearing which fades out they are actually somewhat curved. In addition to the improve- 
before reaching the ends of the teeth. This kind of tooth bearing ment due to the generated profiles and the spiral type of tooth, 
allows for the slight but unavoidable errors in position which _ there is still another respect in which gears cut on the new gener- 
occur when the gears are mounted, and for the slight change in _ ators are superior to the old planed gears. Due to the method of 
position under different load conditions. It also allows for slight operation of the machine with the blank rotating continuously at 


distortions which are likely to occur in case the gears are hardened _a constant speed and the tool passing from tooth to tooth at each 
successive stroke, the tooth spacing is exceptionally 
accurate. The great superiority of the new gears is 
best indicated by figures for allowable operating 
speeds. Whereas planed bevel gears can be operated 
up to only about 1000 ft. per min. peripheral speed, 
and with danger of excessive noise and vibration 
even at that velocity, spiral bevel gears of 4 D.P. 
and 4-in. face, generated on the new machines, have 
been operating in wire-drawing machinery up to 
5000 ft. per min. to the full satisfaction of the users. 
Large spiral bevel gears have been almost universally 
adopted in paper-mill machinery, where the old 
planed type of gears are now considered unsatisfac- 
tory. They are employed under boring-mill tables, 
and in several other classes of service. Since their 
introduction more than three years ago there has 
not been any trouble from excessive noise or vi- 
bration, breakage, or undue wear. Engineers and 
machine builders wishing to employ large bevel gears 
in their designs need no longer hesitate because of 
any question as to smoothness of running; they are 
now being generated with the same degree of ac- 
curacy that previously characterized only the smaller 
sizes. 


Hypoip? GEARS 


In the following part of the paper two rather simi- 
lar terms will be used, namely, “hyperboloidal gears”’ 
and “‘hypoid gears.” 


Fie, 12 Portar OF TooTH CURVE IN PLANING- 
GENERATOR MACHINE 


after cutting. Changes of this kind may cause the shortened 
tooth bearing to shift somewhat in position, but not enough to 
carry it clear to the ends of the teeth. This kind of localized 
tooth bearing is found to be of as much practical advantage in 
large bevel gears as it has proved to be in the smaller gears used 
on automobile rear axles. 


LarGe Sprrat BeEvEL GEARS 


The approximate capacities of the new planing generators are 
as follows: 


Size of machine————— 
90-in. 60-in. 


Pitch diameter...... 90 in. 60 in. 
Cone distance...... 45 in. 32 in. 
Diametral pitch..... 1'/, D.P. 

Face width......... 8 in. 

Spiral angle........ 25 deg. 
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These are all maximum values. “Hyperboloidal gears” will be used as a general term for gears 
The materials usually recommended for large spiral bevel gears running on offset axes, with fully conjugate teeth, so called be- 

are: For the gear, SAE-3245 steel heat treated before cutting for cause with straight teeth the theoretical form of the pitch surfaces 

a hardness of 200-240 Brinell; and for the pinion, SAE-2315 steel is hyperboloidal. 

case-hardened after cutting. For severe service requirements it “Hypoid gears” will mean gears designed to run on offset axes, 


is sometimes considered desirable also to heat treat the gear after her end 
cutting, in which case SAE-2315 steel is used for the gear also. A jolieved to have first been used by George B. Grant in his “Treatise 
large quenching press for ring gears up to 64 in. in diameter has on Gear Wheels.”’ 
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approximately conical in form, similar in general appearance to 
spiral bevel gears, and with teeth generated by methods similar 
to those used for spiral bevel gears. 

Gleason hypoid gears’ were introduced in 1925 as a new devel- 
opment in gear manufacture, and are gradually replacing spiral 
bevel gears for the final drive on the rear axles of automobiles. 
They differ in appearance from spiral bevel gears principally in 
that the pinion is offset above or below the center of the gear. 
See Fig. 17. Besides tending to make the gears smoother 

= 


TOOTH BEARING IN SPIRAL BEVEL GEARS 
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Fie. 15 Gueason 60-IN. QUENCHING Press 


running, the offset makes it possible for both shafts to continue 
past each other. 
The machines first developed for cutting hypoid gears made use 
of the circular rotating cutters which are most extensively used in 
See Design and Manufacture of Hypoid Gears,"’ by Arthur 


L. Stewart and Ernest Wildhaber, Jl. Soc. Automotive Engrs., vol. 
18, no. 6, June, 1926, p. 575. 
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spiral-bevel-gear manufacture. These first machines were built 
for gear sizes only up to about 18 in. in diameter. 

During the past year the hypoid development has been ex- 
tended to the large planing-generator type of machine which has 


— 


Fig. 16 Larce Sprrat Bevet Gears 
(33 and 100 teeth, 1.57 D.P., 8 in, face, 21.1 in. and 63.7 in. diameters.) 


Fie. 17 Hypor Gears 
(36 and 76 teeth, 3.25in. offset; gear: 24in. diameter, 3in. face, 3.17 D.P.) 


been described in this paper; and it is now possible to cut gears 
for offset axes with diameters up to 60 in. 


GENERAL Types OF GEARS 


The accurate generation of gears to run on offset axes completes 
the solution of the general theoretical problem in one branch of 
the gear-cutting art. 

Formerly it was possible correctly to generate gears only for 
intersecting axes, meaning in a mathematical sense both conical 
gears and cylindrical gears, as even the parallel axes of the latter 
are said to intersect at infinity. 

Now, since the hypoid development, it is possible to cut gears 
for any condition, that is, with axes either intersecting or non- 
intersecting. 

As here indicated, gears may be classified into three main 
groups or types, thus: 


j 
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Type of Gear 


Relation of Axes 


Pitch Surfaces 
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Bevel Intersecting Cones 
Spur Parallel Cylinders 
Hypoid Offset Hyperboloids 
(and other forms) 


The underlying geometrical forms of the three types of gears 
are illustrated in Fig. 18. 


OFFSET AXES 
PITCH HYPERBOLOIDS 
HYPOID GEARS 


PARALLEL AXES 
PITCH CYLINDERS 
SPUR GEARS 


INTERSECTING AXES 
PITCH CONES 
BEVEL GEARS 


Fic. 18 Generar Types or GEARS 


(a) (b) 


Fic. 20 Revative Positions In Hyporp Gears 


Of course, worm gears and helical spur gears operating on non- 
parallel axes strictly belong in the group of gears with offset axes. 
In theory, however, worm gears require that one member of a 


Fig. 21 Hypor-Grar ARRANGEMENTS—COMBINATIONS OF DrRECTION OF OFFSET AND HAND OF SPIRAL 


BEVEL PINION 


HYPOID PINION 


SHOWING DIFFERENCE IN TooTtH-PROFILE CURVES OF 


BeveEL AND Hyporp PIN1IoNns 


Fic. 19 


pair, the gear, be obtained by direct generation from the other, 
the worm, as represented by the hob; and helical gears with non- 
parallel axes theoretically have only point contact. These two 
special kinds of gears are therefore entirely distinct from hypoid 
gears which theoretically have line contact, and of which both 
members are generated by similar cutting tools. 


Arrempts To Cur GEARS 


The conception of hyperboloidal gears is quite old. When 
provided with straight, oblique teeth they were usually called 
skew bevel gears, and such gears were often pictured in the old 
textbooks. In the days when most gear teeth were cast and the 
original forms were laid out by the patternmaker, gears for offset 
axes, looking like oblique-tooth bevel gears, could be shaped out 
by skilful hand work and made to operate after a fashion. Since 
methods of machining gear teeth came into use, progress in gener- 
ating spur and bevel gears has been fairly continuous. The prob- 
lem of accurately generating hyperboloidal gears, on the other 
hand, remained unsolved until recently. 

Occasionally, however, attempts were made to cut such gears 
by approximate methods, using machines designed for bevel gears. 
It is obvious that in gears with non-parallel axes there must be a 
difference in spiral angle. In early attempts to cut hyperboloidal 
gears, attention was directed apparently to this one requirement; 

but even when the teeth were 

)) given the proper direction, or 
| spiral angle, the gears were noisy 

and failed to run with anything 
’ like the smoothness obtainable in 
true bevel gears. 


PINION 


PROFILE SHAPES 


The cause of this can now be 
explained. In addition to proper 
spiral angles and, of course, 
equal pressure angles, there is 
another essential requirement in 
gear teeth, namely, correct pro- 
fileshape. There is good reason 
to suppose that in all the old at- 
tempts to cut hyperboloidal gears 
by approximate methods, the 
fact was overlooked that in such 
gears the tooth profiles must be 
different from those in bevel 
gears. What is referred to here 
can be plainly seen in Fig. 19, 
which is a photograph of two 
pinions generated by Gleason 
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spiral cutters. One is a spiral bevel pinion and the other 
a Gleason hypoid pinion. Attention is directed to the tooth 
profiles, which can be compared most easily on the central teeth. 
In the bevel pinion the profile curves are obviously the same on 
both sides of the tooth; in the hypoid pinion a difference is very 
noticeable, one side of the tooth having a much flatter curve than 
the other, although the pressure angles are practically the same. 
This difference in profile curvature is a characteristic feature in 
correctly made hyperboloidal gears, and is due directly to the 
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Fic. 24 Hypor Gears 
(Various ratios between 2:1 and 4:1; 
offset, 3.25 in.) 


gears, 24 in. diameter; 
offset of the axes which in itself constitutes an unsymmetrical 
condition. 

Once this difference in profile curvature has been observed, 
it is not surprising that attempts to make hyperboloidal gears 
with profiles similar to those in bevel gears were not very success- 
ful. The way to generate the unsymmetrical profiles required in 
a hypoid pinion is, naturally, to cut the pinion in an offset position 
Similar to the position occupied when running with its mating 
gear. In no case can both members of a pair of hypoid gears be 
correctly generated as true bevel gears. 
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Hypor-Gear RELATIONSHIPS 


The unsymmetrical position existing due to the offset of a 
hypoid pinion can be seen clearly in Fig. 20, diagram (a), where 
the solid lines show a pinion inclined away from the central posi- 
tion. The idea is that the hypoid pinion apex O, can be swung to 
either side of the gear center line. The pinion indicated by the 
dotted outline, with its apex at the center O of the gear, is a bevel 
pinion. It is quite conceivable that both sorts of pinions might 
mesh with the same gear. 

In diagram (b) a single pinion is indicated as meshing both with 
a hypoid gear in full lines, with center at 0, and with a bevel gear 
in dotted lines with center at the pinion apex O. In other words, 
assuming the position of the pinion to be given, there is entire 
freedom of choice as to the location of the center of a gear to mesh 


Fic. 23. Hyporw Gears 


(66 and 66 teeth, 26 in. diameter, 3.25 in. offset.) 


with it. 


Fic. 25 Hyporw Gears on TESTING MACHINE 


(20 and 100 teeth, 6.30 in. offset: gear: 
face, 1.81 D.P.) 


55 in. diameter, 5.35 in. 


One of the details in the calculations for cutting a hypoid 


pinion is to determine the required position for the center of the 
crown gear represented by the tool and machine, in order that the 
pinion may be generated correctly to run with its mate. 

In a pair of bevel gears the pitch angles are determined entirely 
by the ratio of the numbers of teeth, and the spiral angle and 
radius of curvature can be changed at will. That is, with gear 
blanks of given dimensions any desired spiral angle and tooth 
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curvature can be cut. In the calculations for hypoid gears they 
are treated as if they were conical in form, the same as bevel gears; 
but there is an important difference from bevel gears in that the 
pitch angles must be determined with reference not only to the 
ratio but also to the spiral angle and radius of curvature. 
Otherwise the spiral curves in the pinion would differ too much 
on the two sides of the teeth and undesirable conditions would 
occur, such as the teeth being thicker at the inner ends than at the 
outer ends. For this reason the blank dimensions for hypoid 
gears have to be worked out to suit the particular spiral angle 
selected and radius of curvature used. 

It is somewhat surprising to find that there are six different 
combinations possible between the direction of offset and direc- 
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Fic. 26 Design Two Hyporw Pintons Moun TED 
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tion of teeth in hypoid gears. These are diagrammed in Fig. 21. 
The arrangements designated 1A and 1B are standard for auto- 
mobile drives, because the relative amounts of spiral angle in gear 
and pinion are such as to make the hypoid pinion somewhat 
larger in diameter than the corresponding bevel pinion. In 
general, the direction chosen for the teeth is determined by the 
required directions of offset, rotation, and pinion thrust. 


Hyporp-Gear PLANING GENERATOR 


In the method of cutting hypoid gears developed at the Gleason 
Works, the larger member of a pair is generated as a true bevel 
gear on a standard bevel-gear generator. Then the pinion is gen- 
erated in a machine of similar type but provided with vertical 
adjustment of the work spindle above and below center. Gener- 
ally, for one side of the teeth the offset when cutting is slightly 
more than the offset when running, and for the other side, slightly 
less. This vertical offset of the pinion blank above or below 
center in the machine constitutes the principal difference between 
the cutting of hypoid and true bevel pinions. For generating 
large hypoid pinions, some of the planing-generator machines 
previously described have been equipped with special hypoid 
work heads. In Fig. 22 the vertical slide for obtaining the offset 
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can be plainly seen. The pinion shown was being generated with 
a setting about 3'/, in. below center. 

As seen in Fig. 23, even a one-to-one ratio can be successfully 
generated. Fig. 24 shows eight pairs of hypoid gears recently 
completed for installation in wire-drawing machinery. 

The approximate capacity of the machines now available for 
cutting large hypoid gears is the same as given for the 60-in. 
spiral-bevel-gear planing generator earlier in the paper. It is 
supposed that the offset will be limited to about one-third of the 
cone distance. The largest pair of hypoid gears which have so 
far been cut are shown mounted on the testing machine in Fig. 25. 


ADVANTAGES OF Hyporp GEARS 


Hypoid gears possess all the good features of spiral bevel gears 
and have in addition other advantages due to the offset. Being 
an intermediate type, hypoids combine with the smooth rolling 
action of spiral bevel gears some of the smooth sliding action of 
worms. The amount of endwise sliding between the teeth intro- 
duced by the offset, in designs so far used, is only about one- 
quarter of the amount which occurs in a worm drive with a 45- 
deg. helix angle. This additional sliding action in hypoid teeth 
is not enough to have any appreciable effect on wear. In cor- 
rectly designed and properly mounted and lubricated hypoid 
gears, as in spiral bevel gears, tooth wear is practically negligible. 
It is present practice in ordinary designs to consider hypoid gears 
and spiral bevel gears equal in load-carrying capacity. Extensive 
experience with the smaller hypoid gears on the rear axles of 
automobiles, however, has shown that the additional sliding ac- 
tion has the beneficial effect of smoothing down the comparative 
surface roughness of gears when first put into service so that they 
improve after running. This does not occur in spiral bevels, be- 
cause at the pitch lines, where there is rolling motion only, the 
smoothing action is absent. Also, it is well known that a certain 
amount of sliding helps to maintain an oil film between lubricated 
surfaces. 

The most important advantage of large hypoid gears is that the 
two shafts can continue past each other, which is impossible with 
bevel gears. The way in which this feature can be applied in 
machine design is indicated in Fig. 26; a number of hypoid pin- 
ions can be mounted on the same shaft, each driving its individual 
gear. Now that gears with offset axes are no longer represented 
only by pictures in textbooks, but have become an actuality and 
are being cut to match one another with the same degree of ac- 
curacy as bevel gears, it is believed that this design feature of 
hypoid gears will find many applications. 
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Widia, Its Development and Shop 
Applications 


The history of the development of tungsten-carbide alloys is told, 
and the part that the Krupp Works has had in it is detailed. In- 
stances are given where the use of Widia cutting tools has speeded 
up production, in one case the cutting speed having been increased 
from 190 ft. per min. to 592 ft. The regrinding of Widia tools is 
stated to be required less frequently than with high-speed tool steel, 
a case being given where the previous tool was dressed up after 
25 parts had been produced, and when Widia tools were used there 
was a production of 100 parts before regrinding. Its use in ma- 
chining soft but abrasive materials is compared with the use of the 
diamond. 


HERE has been an increasing interest throughout the 

I metal-working industries in tungsten-carbide cutting-tool 

alloys ever since this class of material was first placed on 
the market in a commercial way by the Krupp Works of Essen, 
Germany, in 1926. The interest has been so keen, and so much 
has been said and written on the subject, that some misapprehen- 
sion has arisen, and it would seem that a short history of Widia, 
together with some facts and figures regarding the results being 
obtained in production work in many of the largest shops, will 
be of interest. 

It has been quite generally known for over 30 years that tung- 
sten carbide is one of the hardest materials in existence. It was 
first produced by the French chemist, Henri Moissan, but its 
application to metal-cutting tools was extremely limited because 
of its brittleness and porosity. Many cast compositions of 
tungsten carbide have since been tried, but all were brittle and 
far from homogeneous. 

It will therefore be apparent that the possibilities of tungsten 
carbide for cutting tools will depend upon the ability to increase 
the toughness through special methods of alloying and manufac- 
ture. Credit for the original discovery of the possibilities of im- 
proving the properties of tungsten carbide through the addition 
of cobalt must be given to scientists of the Osram Company of 
Berlin. A tungsten-carbide alloy was produced by the Osram 
Company which was called “Hartmetall’”” and which was con- 
siderably tougher than tungsten carbide itself, but which still 
was not all that could be desired. 

The Krupp Steel Works obtained the rights under the original 
patents and undertook extensive research for a tougher combina- 
tion. It is possible to vary the toughness and hardness of tung- 
sten-carbide alloys over wide limits by varying the proportions of 
the ingredients and the process of manufacture. Exhaustive 
investigations in the Krupp research laboratories, from which 
have come many remarkable developments, such as the Krupp 
stainless steel and the nitrogen hardening process, finally resulted 
in the development of a process and composition producing an 
exceedingly tough and remarkably homogeneous material. This 
product, while attaining great toughness, retained the hardness 


1 Thomas Prosser & Son, American Representative of Fried. 
Krupp of Essen, Germany. 

Contributed by the Machine Shop Practice Division and presented 
at the Joint Meeting of the Plainfield Section and the Metropolitan 
Section, New York, N. Y., March 19, 1929, of THe AMERICAN 
SocreTY OF MECHANICAL ENGINEERS. 

Nore: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 


By ROGER D. PROSSER,’ NEW YORK, N. Y. 


of the tungsten carbide to such an extent that Krupp named it 
“‘Widia” from the German words “wie diamant,” meaning “like 
a diamond.” 

After leaving the laboratory, Widia was thoroughly tested for 
months in production in the great mechanical workshops at 
Essen, to make sure that it was out of the experimental stage, 
before it was placed on the market in a commercial way. This 
was finally done about the end of 1926. Since that time the 
demand for Widia has increased rapidly, and the original plant 
for its production has been greatly extended. 

There are at the present time more than 250,000 Widia tools in 
use throughout Europe and the United States, and it is under- 
stood that the production of Widia is sufficient for the tipping of 
over 30,000 tools per month. 


Process OF MANUFACTURE 


Widia is produced in the form of small pieces for use as cutting 
edges for tools or as inserts for any part having to withstand wear 
or abrasion. Widia is not cast, but is made by forming the 
finely divided and carefully mixed components to the shape de- 
sired, under powerful hydraulic pressure. It is then sintered 
in an inert atmosphere at great temperature, resulting in a 
product which is so hard that its shape cannot be changed by the 
usual means. It must be ground on wheels which had to be de- 
veloped for the purpose. The entire process of manufacture is 
very difficult and is carefully supervised in every stage. The 
purity of the materials used and state of pulverization greatly af- 
fect the resulting product, as the finely divided pure tungsten 
carbide must be evenly distributed throughout the cementing 
matrix of cobalt. 

The success of Widia, both in the United States and in Europe, 
has made it desirable that there should be more than one source 
of supply for such a material, and arrangements with Krupp 
have now been completed whereby several concerns in this 
country are enabled to manufacture and sell similar tungsten- 
carbide-cobalt alloys. 


To Be OBTAINED 


The practical man will be more interested in results than in 
history. It is possible to mention specific tests where remarkable 
results were obtained, but actual records of results obtained in 
production shops tell the real story. 

One shop in this country which manufactures automobile 
parts has in use more than four hundred Widia tools. This shop 
has ordered an additional supply of tools sufficient to tool up 
every machine. When this has been accomplished, the produc- 
tion of the shop will have been more than doubled, according to 
the estimate of the manager, on the basis of the performance of 
the machines already equipped. With the same equipment and 
number of employees as before, the output of the shop is doubled 
through the use of Widia tools. 

Another specific instance of speeding up production is in the 
manufacture of a transmission drum for a certain popular make 
of car. With the best alloy previously available, this drum, 
which is of cast iron, cast in a permanent mold and very hard 
on the surface, was machined at a cutting speed of 190 ft. per 
min. With Widia this is being done at 592 ft. per min. The 
previous production time was 78 sec., whereas with Widia this 
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part is now being made in 20 sec., or practically four times as 
fast as before. In addition, the previous tool needed regrinding 
after every 25 drums machined, whereas the Widia tool needed 
regrinding only after every 100 drums machined. This was 
without change in equipment other than the change to Widia 
tools and the speeding up of the machines. 

In the class of hard materials, such as chilled cast iron and 
manganese steel, previously almost unmachinable, Widia per- 
forms spectacularly; 12 per cent manganese steel is being ma- 
chined regularly at cutting speeds of 35 ft. per min., 0.2 in. depth 
of cut, and 0.012 in. feed 

A very useful field for Widia is in machining the soft but abra- 
sive materials. A particular application of this nature is in a 
large die-casting shop. The job is machining the fins from 
small aluminum die castings, and the greatest number of pieces 
which had been machined before the tool needed regrinding was 
2500. A Widia tool was put on the job, and at the last report 
had machined 45,000 pieces, had never been out of the machine, 
and the Widia edge was still in very good condition, producing a 
smooth finish on the work. 

A manufacturer of bronze bushings reports that where Widia 
tools are in use the machines have been speeded up to five times 
the previous speeds, and where regrinding was formerly necessary 
after every 15 pieces, it is now necessary to grind the Widia tools 
only after every 500 pieces. 

In order to give an idea of the toughness and speed which can 
be attained when conditions are right, the following figures are 
given. These results are being accomplished daily on cast-iron 
test logs at the Krupp Works. Fig. 1 shows the work in the 
lathe. The pieces are about 12 in. in diameter, with two cast 
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slots, each 13/, in. wide. With a Widia tool these pieces, which 
have a Brinell hardness of 220, are machined at a surface speed of 
655 ft. per min., with a depth of cut of 0.59 in. and a feed of 0.036 
in. Fig. 2 shows the rain of chips produced under these condi- 
tions; and it should be noticed that the Widia tool is not injured 
by the intermittent service, which amounts to over 400 impacts 
per minute on the cutting edge. 

Widia has no temper to be drawn, and under good conditions 
it has been possible to machine cast iron at cutting speeds in 
excess of 1000 ft. per min. and for long periods of time. 

Diamonds have recently been coming more and more into use 
for various operations in the machine shop, such as finishing 
the bearing metal and bronze bearings of connecting rods, for 
machining abrasive materials such as hard rubber, bakelite, 
aluminum, and bronze, and for other similar applications. When 
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boring connecting-rod bushings with diamond tools, it is possible 
to use a very high speed, producing an exceptionally true bore 
and fine finish. Special rigid machines, free from vibration and 
capable of the high speeds, must of course be used. Widia is 
now replacing many diamond tools, and these small Widia boring 
tools can be run at just as high a speed as the diamond tools, 
which is from 2590 to 5000 r.p.m., depending on the size of the 
hole to be bored. A mirror-like finish is produced, due to the 
ability of Widia to maintain its sharp cutting edge, with resulting 
free cutting and absence of tearing effect. Interrupted cuts such 
as are encountered in split bearings can be made without diffi- 
culty. The cost of the complete Widia boring tool is only about 
one-third to one-half as great as that of the complete diamond tool 
of the same size. 
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An interesting comparison is offered by the fact that the present 
market price of around $15 per carat for industrial diamonds 
amounts to approximately $35,000 per pound. There is practi- 
cally the same amount of labor involved in the preparation of a 
Widia boring tool as in a similar diamond tool. 

A few comparisons between Widia and some other cutting ma- 
terials with respect to cutting efficiencies and life of the cutting 
edge may prove of interest. 

Fig. 3 shows the results of tests with cast iron of medium hard- 
ness which was machined with carbon steel, high-speed steel, 
original ‘‘Hartmetall,’’ and Widia tools, until they required re- 
grinding. The same feed and depth of cut were used for all tests. 

Fig. 4 shows the results of tests with an open-hearth steel of a 
tensile strength of about 80,000 lb. per sq. in. These tests were 
made with a uniform depth of cut of about 3/i. in. and a feed of 
0.021 in. 

It is an interesting fact that the work remains comparatively 
cool when being machined at high speeds with Widia, instead of 
becoming hotter, as would be expected. A decrease in power re- 
quired per pound of metal removed is also noted. For example, 
in exhaustive tests on the operation of roughing a carbon-stee! 


TABLE 1 ROUGHING OPERATION ON STEEL SHAFT 
With high-speed With 
steel tools Widia tools 
Metal removed per hour, lb. 94.6 160.8 
Actual cutting time, min. 23.8 14.0 
Time from floor to floor, min.. 44.6 33.4 
Total metal removed, |b. 37.5 
Total power used per shaft, kw-hr..... 1.58 1.20 
Power used per pound of metal re- 
moved, kw-hr... 0.0422 0 032 
Decrease in power required with Widia tools, per cent... 24.2 
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shaft with a tensile strength of about 85,000 lb. per sq. in., 42 in. 
long and 3'/, in. in diameter, the results were as shown in Table 1. 

Table 2 shows the increased efficiency of Widia tools over high- 
speed steel tools in machining cast iron and the relative increase 
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in power consumption. It will be noted that the increased quan- 
tity of metal removed per minute does not produce a correspond- 
ing increase in power required. It will also be seen that the in- 
crease in efficiency of Widia as compared with high-speed steel 
decreases as the depth of cut is increased, confirming the general 
principle of “high speeds and light cuts.” 

TABLE 2 INCREASED EFFICIENCY OF WIDIA OVER 

HIGH-SPEED STEEL IN MACHINING CAST IRON 


Depth of cut, in. 0.08 0.16 0.24 0.32 0.40 0.48 


Greater efficiency (metal 

removed per minute), 

450 440 410 370 320 280 
Increased power consump- 

OOF 65 70 75 100 120 


Errect ON MAcuHINE-Too.t DesiGn 


In the light of some of the figures mentioned it is obvious that 
cutting tools are again in advance of machine-tool design, and 
many of the machine-tool manufacturers here and abroad are 
busy designing equipment which will be able to make full use of 
the possibilities of Widia. Fig. 5 shows the powerful and rigid 
lathe which it was necessary to build for the demonstration room 
at the Krupp Works in order to be able to exhibit the full capa- 
bilities of Widia. 

Frederick W. Taylor in his treatise “On the Art of Cutting 
Metals,” published in 1906, says: ‘Undoubtedly high cutting 
speeds tend far more than slow speeds toward producing minute 
and rapid vibrations in all parts of the machine, and these vibra- 
tions are best opposed and absorbed by having large masses of 
metal supporting the cutting tool and the head and tail stocks. 
It is largely for the purpose of avoiding vibration and chatter in 
machines that the high cutting speeds accompanying the modern 
high-speed tools call for a redesigning of our machine tools. 
While it is true that in many cases a very great gain can be made 
by merely speeding up a machine originally designed for slow- 
speed tools, this increase in speed almost invariably produces a 
corresponding increase in the vibration or chatter, and for ab- 
sorbing this, the lathes and machines of older design are in many 
cases too light throughout.” 

This is as true now as it was then, and important developments 
can be expected in machine tools in the near future. 
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At the present time, however, almost every machine shop has 
machines that are not being run to anything like their full 
capacity. They can be speeded up considerably, and there is 
usually plenty of power available. These are the places where 
Widia can save money, without the necessity of purchasing new 
machine tools. 
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The cost of Widia tools will seem very high when compared 
with high-speed steel tools, but when it is considered that the 
output of a $10,000 machine can be doubled by using a Widia 
tool costing perhaps $30, in place of a high-speed steel tool 
costing around $3, it is obvious that the cost of the tool becomes 
of secondary importance. In a case mentioned, the output of 
a shop was practically doubled through the use of several hundred 
tools costing a few dollars apiece. The cost of the change was 
Yet this shop now pro- 


far less than that of one new machine. 
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duces twice the output with no other new equipment. The sav- 


ing in labor alone would soon pay for the new tools. 


Some Speciric RECOMMENDATIONS FOR UsE 


Many ideas in connection with the use of high-speed steel must 
be revised when considering Widia. It is not a steel, contains 
practically no iron, and, as the process of manufacture would 
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indicate, it has a structure entirely different from steel, necessitat- 
ing different methods of use. In many cases Widia tools can be 
ground to the same shape as the high-speed steel tools previously 
used on the job and placed in service under similar conditions with 
excellent results. In other cases, given the same conditions 
as high-speed steel tools, Widia will fail, with resulting disap- 
pointment and condemnation of the material. It is unjust to 
select the most difficult job in the shop and place Widia tools in 
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Fig. 6 gives the increase in cutting speed which can be expected 
under the foregoing conditions when machining various materials 
and when maintaining the same feed and depth of cut as usual. 
This chart is based on the best performance of high-speed steel 
In other words, it shows the minimum which can be expected 
consistently with Widia tools if conditions are reasonably good. 
These figures can be greatly exceeded under proper conditions. 

Where the chip pressure on the tool approaches the maximum 
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service under the same conditions as high-speed steel tools and 
expect them to perform marvels. Rather, each job should be 
studied carefully and every effort made to work out the best 
possible conditions. 

Widia is only about one-half as strong as high-speed steel, 
and the maximum pressure of the chip on the surface of the Widia 
tool should be correspondingly less than the maximum chip pres- 
sure on the surface of a high-speed steel tool. Ordinarily the 
pressure on a high-speed steel tool is far from the maximum allow- 
able, the principal limiting factor being the cutting speed. In 
these cases, Widia tools can be used with the same feed and depth 
of cut and at greatly increased cutting speed. 


allowable with high-speed steel, it is necessary to make provision 
for a proper reduction in the pressure, if it is desired to speed 
up production by replacing the high-speed steel tools with Widia. 
This reduction in pressure can be accomplished by using finer 
feeds or by the use of a different form of tool. A somewhat de- 
creased feed will often permit the use of a greatly increased cutting 
speed. 

Fig. 7 shows the corresponding pressures on three different 
forms of tools, each taking the same cut and feed. For heavy 
work, it is desirable to use a tool whose cutting edge enters the 
work at an angle of about 45 deg. In many instances this will 
be difficult or impossible owing to the necessity of cutting up to 
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a shoulder or some similar condition, but it should be borne in 
mind. 

The clearance angle of the tool should be kept within reasonable 
limits, so that the cutting edge will be properly supported by the 
steel of the shank. Proper tool angles for machining various ma- 
terials are shown in Table 3. The tool angle b refers to the actual 
cutting lip, and may be on the front or side of the tool, depending 
on the direction in which the tool is to cut. In addition a side 
slope or back rake, depending on the direction of cut, should be 
ground on the tool. 


TABLE 3) WIDIA TOOL SHAPES FOR TURNING, BORING, 
AND MILLING VARIOUS MATERIALS 


Materials to be Tensile strength Clearance Tool 
worked or hardness angle,a angle, » 
Steel 40-90 tons sq. in. 6-8° 65-70° 
Steel 28—40 tons sq. in. 8-12° 58° 
High silicon cast iron. Up to 15% Si 3-5° SO-84° 
Manganese steel . 12% Mn 6-8° 70° 
Rustless steel 6-8° 60-68 ° 
Chilled cast iron 75-90 Shore 24° 82-86° 
Steel castings ‘ 30-65 tons sq. in. 6-8° 60-75° 
Gray cast iron. 150400 Brinell 6-8° 70-75° 
Bronze, brass, etc.. 70-75° 
Light alloys........ s° 60-65 ° 


Fig. 8 shows the recommended angles for planing or shaping. 
For this service, it is necessary that the tool be lifted from the 
work on the return stroke, otherwise there is danger of breaking 
the fine cutting edge. This further emphasizes the necessity 
for supporting the tool edge. 

It should not be concluded that it is not possible to use heavy 
feeds and cuts with Widia. On the contrary, it is possible to 
take very heavy cuts under the proper conditions, even when the 
cuts are interrupted. For example, 0.35 per cent carbon steel 
can be cut at 100 ft. per min., 0.2 in. cut and 0.16 in feed, or 200 
ft. per min., 0.4 in. cut and 0.060 in. feed. Chrome nickel steel, 
3'/2 per cent nickel, 1'/; per cent chrome, 140,000 Ib. per sq. in. 
tensile strength, can be cut at 65 ft. per min., 0.16 in. cut and 
0.160 in. feed, or 150 ft. per min., 0.4 in. cut and 0.040 in. feed. 
Krupp V-2-A stainless steel, about 18 per cent chromium and 8 
per cent nickel, can be cut at 115 ft. per min., 0.20 in. cut and 
0.040 in. feed. Cast iron of 220 Brinell hardness can be cut at 
280 ft. per min., 0.70 in. cut and 0.040 in. feed. Perhaps most 
remarkable of all are some figuyes for 12 per cent manganese steel, 
which can be cut at 40 ft. per min., 0.2 in. cut and 0.012 in. feed. 

The foregoing will give an idea of the feeds and cuts which can 
be taken at high speeds. In general, however, the principle of 
“light feeds and high speeds”’ should be borne in mind. 

It is essential to have plenty of power and to maintain the 
speed of the machine. Slowing down in the cut, vibration, and 
chattering are conditions to be avoided. The machine should 
never be stopped with the tool in the cut and the feed on, as there 
is danger of breaking the Widia tip under these conditions. 
Widia tools should be held short and firmly and should be sup- 
ported as near as possible to the cutting edge, avoiding the usual 
slotted form of tool post. The tools should be firmly clamped 
to a solid support whenever possible. 

Fig. 9 shows the proper location of the tool with respect to the 
center line of the work. 


Widia tools are usually furnished complete, ready for use. The 
brazing operation requires care, and if improperly done will give 
the impression that the Widia is at fault, whereas in reality the 
trouble is with the brazing. However, the operation is not diffi- 
cult, and where the user fully understands the application of 
Widia, it is perfectly possible for him to have the brazing done 
in hisown shop. Several important points should be kept in mind. 
The shank should be of a good grade of high-carbon tool steel, not 
hardened, or of nickel steel. High-speed steel should not be used 
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Fic. 7 CorreEsSPONDING PRESSURES ON THREE Forms oF TooLs 


Fie. 8 Toot SHapes FoR PLANING 


(a, maximum clearance angle of 4 deg.; 5, tool angle of 75 to 80 deg. for 
working all materials; c, side rake of top of tool 12 to 15 deg.) 


Fic. 9 Proper Setting WHEN WorkKING Wip1a Too.s 


(A, for turning steel, the cutting edge to be about 1 deg. of the diameter 
of the work above the center; B, for turning castings, brass, bronze, etc.; 
C, for boring any material.) 


for the shank. The shank and tip should be carefully ground and 
cleaned so that the tip lies flat on the shank and makes close con- 
tact with its support. Copper should be used for brazing, and the 
heating should be done in a muffle furnace with a reducing atmos- 
phere, at about 2100 deg. fahr. It is necessary to protect the Widia 
from the direct flame, as otherwise there is danger of oxidation and 
damage to the material at the high temperatures involved. Borax 
is used as a flux, and after brazing the tool should be placed in 
powdered charcoal for slow cooling. Open torches should not 
be used in brazing, except by operators fully acquainted with the 
method of use, and only for the brazing of small tools. Care must 
be taken that the torches have an excess of hydrogen. 

A sharp, smooth edge is essential for best results with Widia, 
and this can only be obtained with special grinding wheels 
suitable for the purpose. The grinding can be done in about the 
same time as high-speed steel, provided the special wheels are 
used, running perfectly true. The grinding can be done wet or 
dry, but wet grinding is recommended, using a plentiful supply of 


4 

| 

| 

iin 
WH * 

| | 
| 4 
> 

Y ff 

Y fp i UY 2 


X 750 


Fic. 11 PHOTOMICROGRAPH OF Cast TUNGSTEN-CARBIDE Compo- 


SITION X 750 


water directly on the part being ground, to avoid overheating and 


sudden cooling. 


A light pressure should be used for the same 
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reason. The Widia can be cracked and rendered unfit for further 
use if these instructions are not observed. 

In conclusion it should be said that Widia is not a cure-all. 
Where bad chattering is unavoidable or where old machines are 
taking hogging cuts to the limit of their capacity when using 
high-speed steel tools, there is no advantage in using Widia, and 
often failure will be encountered. Also there are some cases of 
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(Test made in machining a cast-iron test log of 250 Brinell hardness 

with two interruptions.) 
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high-speed finishing on soft steel where the advantage gained 
would not warrant the additional expense. Those who take a 
Widia tool and set it in a machine without studying the condi- 
tions, which may be suitable for high-speed steel tools but wrong 
for Widia tools, and expect to secure amazing results will be dis- 
appointed. On the other hand, if the few simple facts set forth 
are remembered, and Widia is placed in service under proper con- 
ditions, the results will be all that could be desired, and in many 
cases amazing beyond expectations. 

Fig. 10 shows the structure of Widia and Fig. 11 of cast tung- 
sten-carbide composition, both magnified 750 times. 
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which forms its work-holding equipment must do two 

things. It must drive a cutting tool of proper form and 
material in a motion which is exact as to path and often as to 
distance traveled. It must also hold the work in exact relation 
to the cutter. Precision in setting and holding the work is as 
important as precision and power in cutting. No amount of 
excellence in the machine is of use if the work-holding device is 
weak or inaccurate. 

In hand-tool production, where the operator directs and con- 
trols a free cutting tool, work holders are simple in character and 
of minor importance. Their only function is to hold the piece 
during some hand operation, a function easily met, as the cuts 
are light. In machine production the cuts are usually heavy, 
the thrusts severe, and as the machine is controlling the cutting 
tool there must be exact register between the work and the cut- 
ting tools. 

Jigs and fixtures did not assume importance until machine 
production came in. They are, therefore, comparatively modern, 
that is, not much more than 75 or 100 years old, and they have 
received their highest development in the United States. They 
are essential to the full use of modern production machine tools 
and, together with limit and other types of gages, they form the 
basis of interchangeable manufacture.? 

The first real plunge into manufacturing with special tools and 
fixtures for practically every operation was made at the Colt 
Armory in 1853 and 1854, when Samuel Colt and E. K. Root, to 
the amazement of other manufacturers, spent as much for tools 
and fixtures as for the machines which were to use them. De- 
spite the criticism aroused, the brilliant success of the plant justi- 
fied the policy. 

The terms jig and fixture are often used interchangeably. 
In so far as they are differentiated a fixture is a work-holding 
device, usually secured to the table of a machine, while a jig is 
usually free to center itself on the cutting tool. A fixture relies 
on the machine tool for accuracy of registry between the path of 
the cutter and the position of the work. In a jig the registry is 
largely self-contained. The term jig is most commonly used in 
connection with work-holding devices for drilling operations, al- 
though it, as well as fixtures, is also used in connection with 
devices for babbitting, polishing, assembling, and welding. 

Jigs and fixtures have been developed empirically and there is 
much less technical literature covering them than there is on 
power machinery and its utilization, or even on the very ma- 
chines on which fixtures are used. Judging only from the litera- 
ture available, one would gain no idea of their economic im- 
portance. However, the competitive technical advantage of 
one manufacturing plant over another will usually lie more in the 
better quality of its small tools, jigs, and fixtures than in dif- 
ferences between the types of machine tools in the respective 
plants. 

The principles of good work-holder practice have grown up in 
the tool rooms and been handed down from man to man. Due 
to the multiplicity and variety of articles manufactured, there is a 


4 ies combination of a machine tool and the jig or fixture 


1 Professor, Industrial Engineering, New York University. Mem. 
A.S.M.E. 

2? In recent years grinding has become an important element also, 
but interchangeable manufacture was well developed before precision 
grinding came into use. 

Contributed by the Machine Shop Practice Division and presented 
at the Annual Meeting in New York, N. Y., Dec. 3 to 7, 1928, of 
Tue AMERICAN Society OF MECHANICAL ENGINEERS. 
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great diversity of fixtures and holding devices, so great as to pre- 
clude treatment of all their details in a paper such as this. But 
through all fixtures there run certain principles which have been 
developed gradually and come to be recognized as good practice. 
Many of these principles can be brought together, and it is the 
purpose of this paper to do this. 

The New Haven Machine Tool Exhibit and the Museum of the 
Peaceful Arts gathered a collection of work-holding devices 
which were shown at the tool exhibit in New Haven in September, 
1927. Some of these are now in the Museum of Peaceful Arts, 
New York City, and it is hoped that this collection may be the 
nucleus of a more complete one which ultimately will show 
the development and principles of jigs and fixtures, and give an 
instructive and helpful picture of this important branch of shop 
practice. Such an exhibit, of ,course, can cover only physical 
features which can be embodied in actual examples. This paper 
aims to bring out not only the principles of design, but some of 
the intangible elements and economic principles which cannot be 
shown in an exhibit. 


Economic PRINCIPLES 


The first and most important element, which applies to all 
forms of work holders, is the economic one. A certain amount of 
“tooling up” is an advantage wherever parts are to be produced 
in quantity, but how far it should go and how much capital 
should be tied up in special fixtures and tools depends on im- 
mediate conditions. The question of the amount of expense 
justified has been handled largely on the basis of judgment. 
The besetting sin of the tool maker is to tie up money in fixtures 
which may show a heavy saving when in use, but are seldom used. 
A saving of 5 per cent in labor cost on a job in constant use 
might justify greater expense in fixtures than a saving of 90 
per cent on a small job coming through only once or twice a year. 
Other factors beside saving in time and labor expense are in- 
volved, such as the life of the fixtures, due not only to their own 
wear, but to possible obsolescence of the article they make. 
Fixtures may be desirable even where only small quantities are 
involved, but the economic advantage of lower labor costs is the 
controlling factor unless some other consideration, such as im- 
proved interchangeability, increased accuracy, or reduction of 
labor trouble intervenes. Usually, where these latter reasons 
alone would have necessitated a fixture, it is found that the 
fixture lowers costs. 

In the books available on work-holding devices are to be found 
methods of construction, much on the details, and examples of 
good practice in design, but almost nothing on the economics of 
the subject. Because of this lack, this aspect will be stressed 
here. It should be the first consideration and is usually given 
little thought. Few plants give to their fixtures the searching 
economic analysis which they apply to their power equipment. 
Until recently, the same has been true for materials-handling 
equipment; but thaaks to the Materials Handling Division 
of the Society, formulas are now available, and are being in- 
creasingly used, which provide a standard basis for the economic 
analysis of equipment in that field and for determining the 
probable profit on any proposed installation for given costs and 
performance. These formulas take into account interest, 


depreciation, obsolescence, and other items of overhead which 
theretofore had been either neglected entirely, or had been 
handled differently by every one concerned. They can be used, 
with modifications and simplifications, for tool equipment just 
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as well as for materials-handling equipment, and should be. 

The following is a suggested adaptation of them for this use. 
Certain factors in the materials-handling formulas which are im- 
portant in installations in that field are of less importance in 
dealing with fixtures, or may drop out entirely. Others, such 
as the interest rate, taxes, etc., may be taken as constant and 
brought together. This permits simplification. 

With fixtures, as with other types of equipment, depreciation 
is made up of two factors, deterioration and obsolescence. As 
a rule these do not bear equally. In one case deterioration due 
to wear may be the chief factor. More often obsolescence due 
to liability of change in models or design may control. That 
one should be used which operates the faster. 

In dealing with fixtures, the economic problem centers on 
answering one or more of the following questions: 

1 How many pieces must be run to pay for a fixture of given 
estimated cost which will show a given estimated saving in direct- 
labor cost per piece? For instance; how low a run must we have 
to justify a fixture costing $400 which will save 3 cents on the 
direct-labor cost of each piece? 

2 How much may a fixture cost which will show a given es- 
timated unit saving in direct-labor cost on a given number of 
pieces? For instance; how much can we put into a fixture to 
“break even’ on a run of 10,000 pieces, if the fixture can save 
3 cents on the direct-labor cost of each piece? 

3 How long will it take a proposed fixture, under given con- 
ditions, to pay for itself, carrying its fixed charges while so doing? 
For instance; how long will it take a fixture costing $400 to 
pay for itself if it saves 3 cents on the direct-labor cost per unit, 
production being at a given rate? 

Questions 1, 2, and 3 assume that we just break even. There 
is also the very practical question: 

4 What will be the profit earned by a fixture, of a given cost, 
for an estimated unit saving in direct-labor cost and given output? 
For instance; what will be the profit on a $200 fixture if it will 
save in direct-labor cost 3 cents a piece on 10,900 pieces? 

These questions involve something more than the simple 
arithmetic which seems all that is necessary for answering them, 
because, while the credit items for the fixtures depend mainly on 
the number of pieces machined, the debit items involve time, and 
also the number of set-ups required, i.e., whether the pieces 
are run off continuously or in a number of runs. 

An important time element is that many companies now re- 
quire that any new equipment shall pay for itself in a certain 
period. Investigations by the American Machinist? and Manu- 
facturing Industries‘ show wide variation in practice as to this 
requirement, ranging from one to six or seven years, the longer 
period being used by railroad shops which have a stable class of 
work not liable to rapid obsolescence. The general practice 
seems to be about two years, but conditions even within one 
shop might warrant lengthening or shortening this period for 
different specific cases. 


PROPOSED EQUIPMENT FORMULAS 


The formulas reduce to the simple and workable forms found 
in Equations [6], [7], [8], and [9] which follow, but to use them 
correctly it is necessary to have clearly in mind the meaning of 
the symbols used. 

Let N = number of pieces manufactured per year 


Debit Factors 


A = yearly percentage allowance for interest on the 
initial investment 
+ “Getting the Most Out of Your Machine-Tool Dollar,” published 
by American Machinist, New York, 1927, pp. 199-203. 
4 Manufacturing Industries, Jan., 1928, pp. 27-31. 


TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


(If the interest be taken on the depreciating value, 
this becomes, under uniform depreciation for n 

years, A X 

2 
from A, for one year, and approaches A/2 as n 
grows large. For a life of two years this is 34/4, 
for three years it is 24/3. In the following 
formula either the original cost or the depreciating 
value can be used with equal facility. It is recom- 
mended, however, that one or the other basis be 
used uniformly to facilitate comparisons) 

yearly percentage allowance for insurance, taxes, etc. 

= yearly percentage allowance for upkeep 

yearly percentage allowance for depreciation and 
obsolescence on the basis of uniform depreciation 
where H is the number of years required for 
amortization of investment out of earnings 

yearly cost of power, supplies, etc., consumed, in 
dollars. (When the equipment under consider- 
ation is wholly new, this item appears in full. 
When it replaces old methods or equipment, the 
difference only is used. It is a debit if the F on 
the new equipment exceeds that on the old. It is 
a credit if the new £ is less than the old. EZ in the 
formula may therefore be + or —.) In many 
cases, with fixtures this item is small and may be 
disregarded 

estimated cost of the equipment or fixture, i.e., 
cost installed and ready to run, including drafting 
and tool-room time, material and tool-room over- 
head, in dollars 

K = unamortized value of the equipment displaced, less 
scrap value, in dollars. Note: In the case of 
fixtures for new work, K drops out 

Yearly Cost of Set-Ups, in dollars. This should 
include the time required for taking down the 
apparatus and putting machine into normal con- 
dition. In some plants with departments large 
enough to employ several tool setters regularly 
this time can be included in the department over- 
head. In this case this factor disappears as a 
separate item 


, the value of which decreases 
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Credit Factors 


S = yearly saving in direct cost of labor, in dollars 
= N (old unit labor cost, minus the new unit labor cost) 
= N (saving in unit labor cost) 
= N (SULC) using initials as a mnemonic symbol. This 
covers direct unit labor cost only 
T = yearly saving in labor burden, in dollars 
= St (t is the percentage used on the labor saved) 
= N (SULC) t 


(Note: The latest form of the materials-handling 
formulas breaks this into 7,4 = burden on labor 
saved and 7, = burden on the equipment displaced. 
For use with fixtures the latter element may usually be 
disregarded for simplification.) 


U = yearly saving or earning through increased production in 
dollars 
= saving in unit labor cost X increased yearly production 
capacity 
X the percentage of that increased capacity which will be 
utilized 
X (1 + 2) (this cares for the burden saved) 
+ cost of extra old equipment which would be necessary 


to care for the increase if the improvement were not 
adopted 
(Note: In many cases U may drop out.) 
V = yearly net operating profit, in excess of fixed charges, in 
dollars. 


Proposep ForRMULAS 
If we just “break even’”’ we have: 


The yearly operating savings = 
Using the above symbols 


total fixed charges per year 


(S + T + U — E) — Yearly Cost of Set-Ups 
=I(A +B+C+1/H) + KA 
Since S + T = N(SULC) + N (SULC) t = N (SULC) (1 + 1) 
Then 
N (SULC) (1 + t) + U — E— (YCSU) 
+B+C+1/H)+KaA........ {1] 
To find the number of pieces required for a given cost J we 
have, solving for N, 
I1(A+B+C+1/H) + (Y¥CSU)—U+E+KA 
(SULC) (1 + 


N 


.... [2] 


To find the cost J which will just earn fixed charges we have, 
solving Equation [1] for J, 
I N (SULC) (1 + 8 — (YCSU) + U — E— KA 
(A+B+C+1/H) 


To find the net operating profit over all fixed charges we have 


[3] 


V = gross operating profit, less set-ups and fixed charges 
= N (SULC) (1 + ) — (YCSU)—I(A+B+C+1/H) 


To find the time H in years for the fixture to just pay for itself, 
the net profit V in Equation [4] = 0 

Therefore, setting the right-hand side of Equation [4] equal to 
0 and solving for H, we have 


H = 
I 
N (SULC)(1 +t) — (YCSU) (A +B+C)+U—E—KA 


In most cases it will be found that U, E, and KA may be 
neglected, so that Equations [2], [3], [4], and [5] may be written 
as follows: 


= I (A +B+C + 1/H) + (YCSU) 


[6] 
N(SULC) (1 + 9) —(¥esu) 
(A B C + 1/H) “see eee 
V = N (SULC) (1+ —(YCSU)—I(A + B+C 


eee 


H = —— ..{9] 
N (SULC) (1 + ) — (YCSU) —1(A +B + C) 


To be of practical value the formulas should be as simple as 
possible and yet reflect the essential conditions, and should be 
easily applied. 

Equations [6], [7], [8], and [9] meet this condition for most 
fixtures. They take into account the number of pieces manufac- 
tured, the saving in unit labor cost, the overhead on the labor 
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saved, the cost and frequency of set-ups, interest on investment, 
taxes, insurance, upkeep, and depreciation. The fuller formulas, 
Equations [2], [3], [4], and [5], take into account, in addition to 
the above, the value of increased production capacity, cost of 
supplies and extra power, and interest on equipment displaced, 
if it is deemed that conditions require their consideration. These 
may be used for the more elaborate fixtures and for analyzing the 
purchase or building of machine tools. 

In using the formulas it must be remembered that N is the 
number of pieces manufactured in a year, not per run, except 
for the case of a single run of less than one year’s duration. 

The items A, B, and C, once settled upon, need change little. 
If the plant has the practice of requiring new equipment to pay 
for itself in a definite time H, say two years, the depreciation 
1/H may be added to the other carrying charges, making a single 
percentage factor for the term (A + B + C + 1/H) which can 
be used until the management deems that changed conditions 
require modification. 


EXAMPLES 


To illustrate economic analysis of a fixture by the use of these 
formulas, assume the following data: 


Estimated unit saving in direct-labor cost = 3 cents 


Burden on labor saved = 50 per cent 
Estimated cost of each set-up = $10 

A = 6 per cent 
B = 4 per cent 
C = 10 per cent 
H = 2 years 
1/H = 50 per cent 


A+B+C+1/H = 70 per cent 
If J = $400, to find the number of pieces to be put through 
each year in one run per year, we have from Equation [6] 


$400 X 0.70 + $10 
$0.03 X 1.5 


That is, if a $400 fixture is to pay for itself in 2 years and carry 
overhead, with a single run per year 6450 pieces must be put 
through each year. 

If, instead, the pieces are put through in 6 runs per year, then 


= 6450 pieces 


$400 0.70 + $60 
$0.045 


N 


= 7550 pieces 


That is, more pieces must be run per year, due obviously to the 
increased number of set-ups. 

There is of course a breaking point where it pays to have 
multiple runs, even at a higher production cost per piece, due to 
the balancing of production costs and fixed charges on increased 
inventory. Formulas are available elsewhere for determining 
this economic length of run. 

Suppose the fixture is to pay for itself in a single run, how large 
must that run be? 

In this case H is unity, as the fixture must pay for itself within 
the year, and A +B+C+1/H =6% + 4% + 10% + 100% 
= 120% then 


$400 X 1.20 + $10 
$0.045 


N 


= 10,900 pieces 


This says that a smaller total output is required than when 
6450 pieces are called for, for two years, or 12,900, due to one less 
set-up and carrying the overhead for only one year instead of two. 

It will be noted that this assumes the full-year values for A, 
B,andC. If the run is short and it is felt that this is too drastic, 
the values could be cut down in the proportion of the actual run- 
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ning time to one year. It would be safer and therefore good prac- 
tice to use the yearly rates, as the time for the complete turn- 
over of the money going into the fixture is hard to determine and 
certainly is longer than the mere run itself. The cost of short- 
lived equipment should be extinguished as soon as possible. 

Reversing the above assumptions, how much money could we 
put into a fixture for a single run of 10,900 pieces at an estimated 
saving of 3 cents per piece? From Equation [7] 


10,900 X $0.045 — $10 


I 
1.20 


= $400 


Similarly, if we want 7550 pieces a year in six runs per year, 
and want the fixture to pay for itself in two years, we have from 
Equation [7] 


I= 


0.70 
If we want to know the reverse of this, namely how long a time 
it would take a $400 fixture to pay for itself, we have from 
Equation [9] 
$400 


= 2 rs 
7550 X $0.045 — $60 — $400 X0.00 


H 


From Equation [10] we see that we would “break even” with 
a cost of $400. Suppose now we can design a fixture for the 
same conditions which would cost $250 instead of $400 what will 
be the profit? Using Equation [8] we have, for 7550 pieces per 
year in six runs per year 
V = 7550 X $0.045 — $60 — $250 X 0.70 = $105 per year 
For a single run of 10,900 pieces the profit would be 
V = 10,900 X $0.045 — $10 — $250 X 1.20 = $180.50 
Formulas [3] and [7] may be used to help in deciding between 
two fixtures of different degrees of refinement for the same job. 
For instance: For a single run of 2000 pieces, under the above 
conditions, how much can we afford to put 
(a) Into a fixture if it will save 3 cents per unit, with a set-up cost 
of $10 or 
(b) Into a more refined fixture which will save 5 cents per unit, 
with a set-up cost of $15 
We have from Equation [7] 


2000 X $0.03 X 1.5 — $10 
1.20 


For (a) Ie = = $66.66 


2000 X $0.05 X 1.5 $15 
1.20 


For (6) J» = = $112.50 

Obviously also the same formula may be used to compare the 
amounts which might be put into fixtures for different lengths of 
run. 

The above examples show how the formulas proposed may 
help in deciding tooling-up problems as they arise. They apply 
not only to jigs and fixtures but to punches and dies, special tool 
equipment, and, in the fuller forms, to proposed machine tools. 

It is recommended that in authorizing expenditures for all 
fixtures and tools, above some minimum cost which could be set, 
an estimate be made of the 


(a) Cost of the fixture 
(b) Output of the fixture 
(c) Profit or saving from it. 
Also, that when it is put into operation the results be checked 
with these estimates. 
Such a procedure would give a check on the quality of the tool 
designing. If tool costs are over-running the estimates and the 


output and savings falling short, the facts will be shown up. 
If the tool work is good the management will know it, and have 
means for measuring the profit therefrom. 


CERTAIN GENERAL PRINCIPLES 


Before a set of fixtures can be designed the dimensions of the 
article to be manufactured must be definitely determined. This 
means that clearances and allowances must be made on certain 
dimensions for running, sliding, or driving fits. Furthermore the 
tolerances, or permissible deviations, must be established. These 
tolerances set the high and low limits for each dimension, which 
can not be exceeded without encroaching on the allowances 
necessary for proper functioning or destroying the interchange- 
ability of the parts. In general the smaller the tolerances the 
greater the cost of production, consequently they should be as 
liberal as is consistent with the requirements of the product, 
and accuracy should be centered on those dimensions on which 
it is essential. The closeness of the tolerances governs the de- 
sign and workmanship of the jig or fixture quite as much as the 
required rate of production. 

When the drawings of the article to be manufactured have been 
checked and approved, a model should be made to within the 
tolerances given on the drawings. When this has been tested 
and pronounced satisfactory, any changes found necessary in 
allowances, tolerances, etc. should be incorporated into the 
drawings. The model and drawings can then be used as the 
basis for design of the jigs and fixtures. If during the building 
of the tools any discrepancy should develop between the model 
and the drawings, the approved working model should govern, 
and the drawings corrected to agree with it. When actual model 
parts are not available, wooden models of such parts as drop- 
forgings, with the location of the sprue and flash line painted on 
them, may be helpful. 

In tooling up for the manufacture of a piece, an operation sheet 
should be prepared which includes every operation on the 
piece, both of production and of inspection or gaging, showing 
them in a single list in the order of their application. The 
preparation of such a list focuses attention not only on the best 
sequence of production operations, but on the number of inspec- 
tions needed, the dimensions they should cover, and the best 
points in the sequence at which they should occur. It also 
brings out the best grouping of operations and their reduction 
to the least possible number.® 

The fixtures should be tied in with the system of gaging. The 
same points or surfaces should be used for locating the work in 
the fixtures and for reference points in the gages. Only by so 
doing are the gages a direct check on the fixtures. Some devi- 
ation is made, however, as when inspection gages are made to 
cover a sub-assembly of parts in order to insure that certain 
collective deviations do pot exceed permissible tolerances. 

In some cases, also, as with pistons, it may be desirable to provide 


5 An authority consulted contributes the following as the procedure 
used by one large manufacturer having agencies throughout the world. 
**When a new machine has been developed to a stage where it functions 
satisfactorily the agencies are informed, and inquiries are instituted to 
determine the probable sales for the machine. During this inquiry 
period the machine is going through a process of refinement. Drop 
forgings, stampings, grades of metal, hardness and finishes are being 
determined. When the approximate yearly sales have been de- 
termined manufacture starts by ordering all drop-forgings, blanking 
and bending dies, as these take the longest time to construct. Parts 
which are odd in shape or difficult to hold are assigned for tooling up, 
starting in the usual manner, with operation sheets which are pro- 
visional, as it is often necessary to revise the sequence of operations. 
Quality and interchangeability are the main requirements. While 
quantity will influence the type of fixtures it is possible to make 
cheaper tools at first with provision for the future if unexpected 
sales should develop.” 
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lugs especially for holding and driving during manufacture, 
which are removed in the last operation. 

The same working points should be used on the two parts 
which go together in the manufactured output. This better 
insures interchangeability of the finished product. 

In selecting the working points the functioning of the product 
and those dimensions which are most important to its operation 
should be given most careful thought. 

It is of fundamental importance that, once settled upon, the 
same working or locating points be used for as many operations 
and gagings as possible. Preferably they should be permanent 
and remain in the piece when finished. If this cannot be done 
they should be retained as long as may be. If first one point 
and then another be used, an accumulation of errors creeps in 
which may exceed the tolerances. It is tempting at times to 
shift the locating point, as the fixture and gage might then be 
made more cheaply, but to do so is poor practice, and in the long 
run, poor economy. As an example of the above, in a set of 
fixtures recently built for a military rifle, 62 out of 67 operations 
on one piece, with their gagings, were located from one point. 

It may be wise to shift the reference point, but it should be 
done only for good and sufficient reasons. For instance, the 
position of two holes A may be referred to a main reference point. 
The important requirement of a second hole B may be exact 
distance from holes A without regard to the original reference 
point. In such case both the fixture and the gage would very 
properly locate B with reference to the holes A. 

If a multiple fixture is to be used, of either the reciprocating or 
indexing type, the question of the time required for removing 
and inserting pieces is of fundamental importance, as the clamp- 
ing means must be so designed that the pieces can be handled in 
the time taken for the cut. 

In general it is desirable to machine as many surfaces, or drill 
as many holes, as possible at one setting. This makes for ac- 
curacy, lessens tool expense, and cheapens production, but is 
subject to some limitations, as, for instance, the combination of 
a very large and very small hole in the same jig. It may be 
better to use two Jigs on different sized machines. In some cases 
all the holes can be drilled in the same jig on one machine, and 
the larger holes then redrilled on another machine without a jig. 
This eliminates the cost of one jig. 

In using a fixture equipped so that several tools perform the 
same operation on several pieces simultaneously, the parts from 
each tool should be kept separate. By so doing if the product 
from one tool is defective, the parts will not become mixed and 
the trouble is more easily located and remedied. However, the 
additional cost of handling the parts separately may sometimes 
more than offset the advantage of easily locating trouble. 

How far it is desirable to make a fixture adaptable to various 
pieces and operations is a matter of judgment in each case. It 
usually does not pay except where the runs are very small. In 
general specialization is better than adaptability, because the 
latter, while it lessens tool expense, permits errors in settings and 
“monkeying” with the set-up.*® 

Fixtures should be interchangeable on the various machine 
tools on which they can be used. Care in this particular allows 
greater flexibility in scheduling work through the shop. This 
principle calls for the standardization of slots on milling machines, 
machine tables, and of keys and keyways on the fixtures. So 


*On the other hand the Western Electric Co. wherever possible 
designs jigs and fixtures for more than one part, and reports that the 
practice has given little trouble and resulted in large savings in tool 
expense. Errors in use have been avoided by providing wear plates 
which can be so located as to cover up the holes not required for the 
part being drilled. These plates and the jig are stamped to indicate 
the position of the plates for each part, so that they can be located 
without difficulty. 
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far as possible these should conform to the standards’ adopted by 
The American Engineering Standards Committee, and sponsored 
by such bodies as the A.S.M.E., the National Machine Tool 
Builders’ Association, and others. 

All jigs and fixtures should be clearly marked, preferably by 
stamping into the body where it can be done, the operation, part 
number, ete., for which it is intended and any other information 
needed to identify it, also on all loose or bolted parts that may be 
separated from it. In very accurate fixtures stamping might 
be harmful. In such cases a brass plate should be screwed on, 
or the necessary marking may be etched.$ 

All small parts, such as clamps, special wrenches, etc., should 
preferably be permanently attached to the jig or fixture to pre- 
vent their being mislaid or lost. 

Despite the wide variety in jigs and fixtures many details may 
be standardized such as bushings, latches, handles, thumb- 
screws, etc. This lowers costs not only by making approach 
to quantity production possible in the tool room, but by making it 
possible to purchase them from firms specializing in such parts. 
It is amazing in going through large tools storages to see how 
many types of handles, etc., there are, differing from each other 
in unessential details in ways which run up costs without any 
compensating benefit. 

The object of good fixtures is furthered by good work holders 
or racks for handling the work between operations. Throwing 
work promiscuously into tote boxes mars the finished surfaces 
and may cause misalignment in locating in succeeding operations. 


A jig or fixture should: 

(a) Locate the work quickly and positively 

(b) Preclude insertion of the work in any but the position correct 
for cutting 

(c) Provide rapid and positive clamping without undue effort 

(d) Allow no spring in the work, fixture, or machine table from 
either clamping or the pressure of the cutting tools 

(e) Allow no slipping, vibration, or chatter during the cut 

(f) Have ample clearance for chips, and be easily cleaned 

(g) Allow free access and egress for cutting oil or compounds 


7 The following standards applicable in this connection have been 
adopted by the A.E.S.C.: 

“Square and Flat Stock Keys,’’ AECS-B17b-1925 

“Plain Taper Stock Keys, Square and Flat,’’? AESC-B17d-1927 

“Gib Head Taper Stock Keys, Square and Flat,’’ AESC-B17a-1927 

“T-Slots, Their Bolts, Nuts, Tongues, and Cutters,’’ AESC-Bia- 
1927. 

§ Mr. Hutchison, of the Western Electric Co. contributes the 
following: “It is not our practice to stamp tools used in the general 
manufacturing departments with the part number for which they 
are to be used. All tools are stamped with the tool number which is 
the same as the number of the drawing for the tool, and which is 
assigned consecutively from the block of numbers specified for tools. 
The tool number is specified on the manufacturing layout or opera- 
tion sheet for the piece part made with the tool, and its use is identi- 
fied in this way. A considerable number of our tools, especially 
those for general use, are used for a number of different parts and it 
would be impractical to stamp all the part numbers on the tools, 
especially as there would be no definite number by which the tool 
could be identified. Also these parts change rather often, with new 
ones added and others omitted, and this would mean restamping the 
tools, while if a specific number is assigned to the tool it is only 
necessary to specify this number on the layout of the new part. The 
only tools on which we follow the plan mentioned in the paper are 
some of those used in the jobbing or specialty-products department, 
which are usually made without drawings and are more or less 
temporary for parts on a customer’s order basis or not made in 
sufficient quantities to warrant preparing manufacturing layouts or 
running in the regular shop departments. For a small shop where 
manufacturing layouts or operation sheets are not prepared and only 
a few tools are required, the plan of stamping the part number 
would probably be satisfactory, but it does not appear advisable for 
parts made in a large plant on a quantity productive basis, where a 
considerable number of different kinds of tools may be used for the 
manufacture of a piece of apparatus.” 
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(h) Be as light as is consistent with strength and rigidity, and 
easy to handle. In the long run the employer always pays 
for weariness, necessary and unnecessary. It is good design 
therefore to eliminate all unnecessary fatigue 

(<) Be safe for the operator. Production should be sacrificed, if 
necessary, rather than have a tool which is dangerous. 


SOME PRINCIPLES RELATING TO DETAILS OF DESIGN?® 
FEEDS 


The pressure due to the feed and rotation of the cutter should 
be against the solid part of the fixture, not against the clamp. 
This principle is often violated, as the wrong way is usually more 


convenient. (Fig. 1.) 
In general the feed should be 
against the rotation of the 
rs) cutter, not withit. This avoids 
Feed 
eed a tendency to dig in. This 
has been good practice for 
Work many years. There is how- 


ever some tendency away from 
this of late years. 

Locate the feed and cuts to 
throw the burrs for the various 
cuts on the same side, to re- 
duce burring operations as far as possible. In order to be sure 
that burrs do not vitiate correct setting in subsequent opera- 
tions, it is wise to provide clearance grooves on locating sur- 
faces so that burrs cannot, even if left on, interfere with correct 
setting. 


Fig. 1 


LocaTING 


Locating surfaces should be as small as is consistent with 
proper support and wear. The larger the surface, the more 
care and time are necessary to keep it clean and free from chips 
which destroy proper setting. 

If a surface is to be matched in a milling operation locate from 
that surface as at B, Fig. 2. 
It may be more convenient to 
locate from the opposite face, 


Radius A to be Matched 
with Surface B. 
Locate trom B, Not 


fromC. 
4 Sa, N but locating from the match- 
Cutter N ing surface, is correct and 
produces better work. A 
variation in the thickness of 
4 even a half of a thousandth 
Work will show, although it may 
ddd affect the operation of 
piece. 

Fig. 2 Avoid sharp corners be- 

Work Y Work Work 

YW 
Velde 
so OR SO NOT SO 
Fig. 3 


tween locating surfaces. They catch dust and dirt and are hard 


to clean. (Fig. 3.) 

The number of fixed supports should not be more than three. 
These should be as far apart as possible. If other supports are 
needed they should have only spring tension against the work 
during clamping and be locked in position after the work is set. 
For various forms of spring supports see references under “Plun- 
gers,”’ Appendix No. 1. 


® For fuller treatment of details see Appendixes Nos. 1 and 2. 
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It should be easy to keep the locating surfaces clean, therefore, 
there should be ample clearance for chips. If possible accumu- 
lated chips should fall away from, rather than on to the locating 
surfaces when the work is removed. If possible keep the locating 
surfaces completely covered by the work, so that ships can not 
collect on them. 

All the locating surfaces of a jig or fixture should be fixed. 
Movable surfaces should be used for clamping only. 

Buttons or pins, hardened and ground, are often better for 
locating than flat surfaces as they are easier to keep clean and 
afford easier adjustment for wear. They are better when acting 
endwise than side- 


wise, as there is no 
Work Work 
bending action and 
Pd they are more read- 
VE set up for wear. 
4 a /. ° 
so RATHER THAN SO (Fig. 4.) 
Fic. 4 It is better to sup- 
port castingson but- 


tons or pins than on flat surfaces. They position better and 
more definitely. Surfaces which locate drop-forgings should 
have clearance for the flash, and preferably should be located 
from one side of the flash only, as the dies which made the 
forging may not have been exactly matched. Locating from 
the upper side of the forging, or that above the flash, is preferable. 

The clamping should not produce any horizontal sliding action 
across the locating faces as this causes wear. 

Locating and supporting points should be as far apart as the 
nature of the work will allow. (Fig. 5.) 

The locating and support points should 
be visible and easily accessible to the 
operator. 

Do not stack pieces one against an- 
other, if accuracy is required. In mul- 
tiple work each piece should be located 
independently against fixed stops. In 
well-designed fixtures this is done, al- 
though several pieces may be clamped by one motion. 

In multiple milling fixtures do not mill the pieces serially, 
with a single cutter, if the runs are long. Use multiple cutters, 
one for each piece and feed across the row. This reduces the 
length of feed and therefore the cutting time. This applies, of 
course, to fixtures with a reciprocating feed, not to those with 
rotary, continuous feeds. 

Parts of the fixture requiring accurate location should be 
held by screws and dowels or splines. The screws should not have 
to perform the double function of locat- 
ing and holding. (Fig. 6.) 

When locating blocks are assembled 
into fixtures it is sometimes desirable 
to arrange the screws and dowels as 
shown in Fig. 7. When arranged this 
way, the contacting surface only is 
hardened, leaving the section carrying the dowel pins soft, so that 
the reaming of the holes and the alignment of the piece can be done 
after hardening. 


If Locating trom these 
Bolt Holes: Use A-A 


° 


© 0 O @FfA 


Fic. 5 


On 


Screws 
Dowels 


o 


Fic. 6 


Where the positioning need be only in 


@ O one direction, the side of the piece or prefer- 
' ably a tongue and groove may be used for 

@ . O locating, and the screws go through slotted 
holes. (Fig. 8.) 


If position pins are used for locating a 
previously drilled hole, that portion which 
is full diameter should be as short as is con- 
sistent with wear, and the rest or upper part of the pin tapering. 
(Fig. 9.) 
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The Tapered Pin works faster and there i's 
less Liklihood of Sticking. 
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Locating pins should be hardened and ground with clearance 
for burrs and chips. When used with counterbored holes they 
should center on only one diameter. 

When two pins are used for locat- 
ing one should be flattened, on the 
; sides toward and away from the other 

pin. (Fig. 10.) Sometimes it is 

desirable to flatten both pins, the 

plane of the flattening being at 90 
deg. as shown in the lower figure. 

If one pin is higher than the other, 
preferably the larger one, the work 
can be seated more rapidly. 


CLAMPING 


Under no circumstances should the line of clamping pressure 
come above the stop. If it did there would be a tendency to 
lift the work. Side clamps should press downward as well as 
inward. (See Fig. 1.) By so doing the clamping tends to seat 
the work. 

The clamp should be immediately opposite the supporting 
point, with solid metal between. Disregard of this leads to 

springing the work, or lifting 


Clamp A or A, not B or 8’ of the work due to the support 


JA} acting as a fulcrum. (Fig. 11.) 
. Clamps and adjusting 
points should be operated 

from the front or working side 


of the fixture. (Fig. 12.) 
The tool thrust should be 


NOT SO 


Fie. 12 


taken up by an adequate, fixed stop, not by the friction be- 
tween the work and the clamp. Clamping jaws should, if pos- 
sible, be at right angles to the direction of the cut, not parallel 
to it. 
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All the clamping strain should be cared for within the fixture 
itself. None of it should be transmitted to the table of the 
machine. 

Cams or wedges, if used for clamping, should be so designed 
that the pressure and feed tend to tighten them, not to loosen 
them. 

Clamps should have springs and washers under them so that 
the operator will not have to hold them 
back while inserting the work. (Fig. 

13.) A better form, with the spring 
concealed, so that ships can not inter- 
\ fere with it is shown in Fig. 14. 

aH To save time in loading and unload- 
‘) ing a fixture, clamps which have con- 
siderable motion should, in order to 
clear the work, have a rapid action 
when free from the work and a slow motion with increased power 
when they are brought into contact with it. A variety of devices 
are available, such as the toggle-joint, bayonet screw, interrupted 

thread, slotted clamp, etc. 

Clamps holding castings and ir- 
|__§ regularly shaped surfaces should be 
on the floating principle to enable 
them to adapt themselves to the 
shape of the work. 


Fie. 13 
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The center of gravity of the jig, 
with the work in it, and also the 
thrust of the drill should lie within the geometrical figure 
formed by the supports. This avoids a tendency for the jig to 
lift or tip. 

A drilling jig should have four legs. With a three-legged sup- 
port, it will rest stable on any surface. If a chip is under one 
leg of a three-legged support the fact will not be detected. With 
a four-legged support the jig will teeter if it is on an uneven sur- 
face or a chip is under one of the supports. 

Supporting strips or lugs are sometimes better than legs as 
they are less likely to drop into T-slots or holes in the machine 
table. 


Fic. 14 


BusHINnGs 


Loose or screwed-in solid bushings should not be used where 
accuracy is important. Where screwed-in bushings are neces- 
sary they should center on cylindrical surfaces, not on the 
threads. 

The length of bearing for the drill should, in fixed bushings, be 
about 1'/; to 2 times the diameter of the drill; in slip busings 
about 2 to 3 times the diameter of the drill. If the bushing is 
longer than this, the remainder of the length farthest from the 
work may be relieved. 

Bushings should not be located close to the work with the ob- 
ject of carrying the chips up through the bushing except when 
the holes to be drilled are in a machined face which is clamped 
against a similar face in the jig. It is better, when the design 
will permit, to allow the chips to clear between the work and the 
bushing. About one drill diameter is usually sufficient. For 
small holes where great accuracy is required the bushing should 
be brought down close to the work. For drills smaller than No. 
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31 this dimension may be approximately '/« in. with drills 
ground with a flat point. 


Jig LATCHES 


In the joint of a latch give the latch the widest possible hold 
on the hinge-pin. (Fig. 15.) 

A still better type of latch is shown in Fig. 16, which gives 
better side support when in working position. If possible avoid 


Working Fir 
Tight © 
Fie. 16 


placing clamps in a latch which carries drill bushings, as any 
clamping pressure has a tendency to spring the latch and throw 
the bushings out of alignment. 

Preferably a jig latch should have a support or stop to hold it 
when it is thrown back. This lessens the possibility of mis- 
alignment through use. 

It may be of advantage to have the hinge pin tapered. This 
permits readier adjustment for wear, etc. 


GENERAL 


Thumb-nuts, fluted nuts, and levers should be used where the 
quantities are large, as the necessity of handling wrenches is thus 
avoided. They should be large enough to give the required pres- 
sure easily. When it becomes necessary for an operator to use a 
mallet, time is lost and either the work or the fixture is likely to be 
sprung. 

Thumb nuts and hand knobs should have ample clearance 
around them to permit their being manipulated properly and to 
avoid possibility of injury. Avoid knurling nuts and handles. 
When covered with cutting lubricant they are irritating to the 
operator’s hands under constant use. 

If it is necessary to use a wrench in setting the work the various 
nuts should preferably be of the same size, so that change of 
wrenches is not necessary. 

All exposed screws, nuts, and lugs, the motion of which might 
catch the operator, are to be avoided, and all sharp corners and 
edges should be removed. 

The operator’s hands must be well clear of the cutters during 
the insertion, clamping, and removal of the work. 

There should be no danger of destruction of the work, tool, 
fixture, or machine through the over-running of the cutter. 

It is desirable to have the cutting zone as close to the machine 
table as possible. If, for some good reason it must be high, then 
the surface taking the thrust of the cut should be high; i.e., as 
nearly in line with the cut as possible. (Fig. 17.) 

It is desirable that parts subject to wear be renewable without 
destroying the jig or fixture. 


so NOT SO 
Fig. 17 


Appendix No. 1—Subject Index toBibliography 


1 THE following index, the capital italic letters A, B, C, etc., 


refer to the references listed in the Bibliography, Appendix No. 2. 

Assembling jigs, C, p. 97 

Automatic millers, fixtures for, Machinery, June, 1925, p. 772. 

Boring jigs, A, Chap. VIII 

Box jigs, A, Chap. III 

Broaching fixtures, C, Chap. X 

Bushings, A, Chap. IV; C, Chap. III; D, Chaps. IV and VI; F, 
Oct. 13, 1927, p. 565; G, No. 1, “Jigs and Fixtures;’’ American 
Machinist Handbook; Machinery’s Handbook; standard lists 
of various manufacturers 

Chips, influence of, B, Chap. XII; C pp. 31 and 90 

Cost of jigs and fixtures, estimating, Machinery, Feb., 1925, p. 427 

Clamps, A, Chaps. VI and XI; C, Chaps. II, III, and VI; D, 
Chap. VII; E, pp. 242-247; F, Mar. 8, 1928, p. 425, Mar. 22, 
1928, p. 505; May 3, 1928, p. 733, May 10, 1928, p. 781; G, 
Nos. 7 and 7a, “‘Jigs and Fixtures.” 

Collars, F, Nov. 3, 1927, p. 695 

Continuous milling fixtures, C, Chap. VII; E, pp. 223 and 258; 
D, p. 117; Machinery, Jan., 1915, p. 350 

Compressed-air fixtures, Machinery, Apr., 1927, p. 590; May, 1927, 
p. 673: July, 1927, p. 814; Aug., 1927, p. 894; Nov., 1927, p. 196 

Details of jigs and fixtures, Machinery, June, 1916, p. 539 
(Covers stop-pins, spring pins, hinge pins, draw pins, straps, 

latches, hook bolts, and swing bolts.) 


Drilling jigs, examples of, A, Chap. VII 


Eccentric work, fixtures for, B, Chap. X 

Equalizers, A, pp. 293,ete.; C, pp.47 and 171; F, Feb. 9, 1928, p. 253 

Feet for jigs, A, pp. 7, 28, 29; C, p. 68 

Floating principle, A, Chap. XI 

Gang fixtures, Machinery, Apr., 1925, p. 625 

Handles, knobs, wing nuts, C, p. 76; G, No. 4 “Jigs and Fixtures” 

Hook bolts, C, pp. 174 and 178; F, Dec. 29, 1927, p. 1019 

Indexing, trunnion and roll-over jigs and fixtures, B, Chap. XI; 
C, Chaps. V and VII; D, p. 101; FE, pp. 264-278. 

Irregular shaped parts, jigs for, Machinery, Oct., 1925, p. 133 

Jack screws (see also plungers), D, p. 56 

Jigs, the different kinds of, D, Chap. II 

Latches and lids, A, Chap. VI; D, Chap. X, also p. 54; F, Feb. 
23, 1928, p. 345; G, No. 2, ‘Jigs and Fixtures’’ 

Lathe and boring-mill fixtures, A, Chap. X; B, Chap. VI 

Leaves, C, p. 56; Machinery, Mar., 1924, p. 544 

Locating, details of, A, Chap. V; C, Chaps. II and III; D, Chap. 
III; F, Dec. 15, 1927, p. 933 

Locating, principles of, C, Chap. II 

Mandrels, D, Chap. XV 

Manufacturing basis for building jigs and fixtures, Machinery, 
Mar., 1921, p. 632 

Milling fixtures, A, Chap. IX; C, Chaps. VI and VII; D, Chap. 
VIII; F, Chap. XIII 

Open jigs, A, Chap. II; C, Chap. 1V 

Planing fixtures, A, Chap. IX 

Plungers and locking jacks, C, pp. 48, etc.; D, p. 56; E, p. 241; 
F, Nov. 24, 1927, p. 803; G, No. 5, “‘Jigs and Fixtures” 

Pneumatic fixtures, D, Chap. IX; C, p. 180 

Points to check in designing jigs, D, p. 72; C, Chap. II; Machinery, 
Nov., 1919, p. 290 

Points to check in designing fixtures, D, p. 128; EF, p. 233 

Profiling fixtures, A, p. 233; C, Chap. VIII; D, pp. 131, 135 

Push pins and plugs, F, Jan. 12, 1928, p. 47 

Riveting fixtures, C, Chap. XI 

Rotary or continuous fixtures, C, p. 205, ete.; D, p. 117; E, p. 258 

Screws used in jig design, standards for, Machinery, Apr., 1916, 
p. 689 

Special jigs, examples of, A, Chap. XIII 

Spring pins (see Plungers) 

Stops, D, p. 58; F, Nov. 17, 1927, p. 769 

System in toolroom, drawings, records, standards, D, Chap. I 

T-Slots, standard, C, p. 162; G, Mach. Design Data Sheets 13, 
13a, and 13b 

Tandem fixtures, E, p. 250 

Temporary jigs and fixtures, Machinery, Dec., 1924, p. 292 

Thin and irregular work, fixtures for, B, Chap. VII 

Three-point principle in fixtures, A, Chap. XII 

Tongues and grooves, F, Oct. 20, 1927, p. 613 

U-Lugs, G, No. 3, “Jigs and Fixtures” 

Up-keep, designing for, A, Chap. XIV; B, Chap. XIII 

V-Blocks, C, p. 52; G, No. 6, “Jigs and Fixtures”’ 

Vise jaws, C, Chap. IX; D, Chap. XIV; EZ, p. 238 

Wedges, D, p. 63 
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Appendix No. 2—Bibliography 


FoR good practice in design and details the following references are 

recommended. Part of the material deals with tools and tool- 
holders. Those chapters, only, are listed which deal with work- 
holding devices. They bring together into convenient form much 
valuable material which has appeared from time to time in American 
Machinist, Machinery, and elsewhere, with additional matter not 
published in the periodicals. The italic initial letters are used in the 
references of Appendix No. 1. 


A “Jig and Fixture Design,” by F. D. Jones, Industrial Press, N. Y. 
1920 
Chapter I Principles of Jig Design 
II Design of Open Drill Jigs 
III Design of Closed or Box Jig 
IV Jig Bushings 
V_ Locating Points and Adjustable Stops 
VI Jig Clamping Devices 
Examples of Drill Jig Design 
Boring Jigs 
IX Milling and Planing Fixtures 
X Adjustable Fixtures for Turret Lathes and Vertical Bor- 
ing Mills 
XI The Floating Principle as Applied to Fixture Work 


XII Application of the Three-Point Principle in Fixtures 
XIII Special Jig and Fixture Mechanisms 
XIV Providing for Upkeep in Designing Jigs and Fixtures 


B “Tools, Chucks and Fixtures,’”’ by A. A. Dowd, Industrial Press, 
N. Y., 1920 


Chapter V Arbors for Turning, Boring, and Grinding 
VI Holding Devices for Lathe and Boring-Mill Work 
VII Methods of Machining Thin and Irregular Work 


X Methods for Machining Eccentric Work 
XI Counterbalanced and Indexing Fixtures 
XII Influence of Chips on the Design of Tools and Fixtures 


C “Tool Engineering, Jigs and Fixtures,"’ by Dowd and Curtis, 
McGraw-Hill, N. Y., 1922 
Chapter II Fundamental Points in Drill Jig Design 
III Details of Drill Jig Construction 
IV Open and Closed Jigs 
V_sIndexing and Trunnion Jigs 
VI Details of Milling Fixture Construction 
VII Design of Milling Fixtures 
VIII Design of Profiling Fixtures 
IX Vise-Jaws and Vise Fixtures 
X Broaches and Broaching Fixtures 
XI Design of Riveting Fixtures 


D “Jigs and Fixtures,’’ by Colvin and Haas, McGraw-Hill, N. Y., 
1922 
Chapter I System in the Tool Room 
Il The Different Kinds of Jigs 
III Locating Schemes for Drill Jigs 
IV Standard Bushings for Drill Jigs 
V_ Some of the Details of Jig Making 
VI Miscellaneous Jig Details 
VII Jig Clamps and Clamping Methods 
VIII Milling Fixtures of Various Types 
IX Pneumatic Fixtures for Holding Work 
X Uses and Advantages of the Latch Jig 
XIV Designing of Machine Vise-Jaws 
XV _ Construction and Uses of Mandrels 
E “A Treatise on Milling and Milling Machines,” Cincinnati Milling 
Machine Company, Cincinnati, Ohio, 1922 
Chapter XIII Milling Jigs and Fixtures 
F A series of articles on “Details of Jigs and Fixtures,” by J. A. 
Potter in the American Machinist, as follows: 
“Design of Bushings,”” October 13, 1927, p. 565 
“Design of Tongues and Ears,”” October 20, 1927, p. 613 
“Design of Collars,"" November 3, 1927, p. 695 
“Design of Stops,’’ November 17, 1927, p. 769 
“Design of Spring Pins,”” November 24, 1927, p. 803 
“Design of Locating Plugs,’”” December 15, 1927, p. 933 
“Design of Hook Bolts,’’ December 29, 1927, p. 1019 
“Design of Push Pins and Plugs,” January 12, 1928, p. 47 
“Design of Equalizers,’’ February 9, 1928, p. 253 
“Design of Latches,’’ February 23, 1928, p. 345 
“Theory of Clamps,”’ March 8, 1928, p. 425 
“Design of Shackles,"’ March 22, 1928, p. 505 
“Design of Clamps,’’ May 3, 1928, p. 733 
“Design of Combination Clamps,” May 10, 1928, p. 781 
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G American Machinist, Reference and Data Sheets 

Jigs and Fixtures No. 1, ‘Drill Bushings, Slip Type”’ 

Jigs and Fixtures No. 2, ‘“‘Rapid-Action Jig Latches,”’ Aug. 20, 1925 

Jigs and Fixtures No. 3, ‘Proportion of U-Lugs for Jigs and Fixtures,” 
Oct. 8, 1925 

Jigs and Fixtures No. 4, ‘“‘Hand Knobs for Jigs and Fixtures,” Nov, 
12, 1925 

Jigs and Fixtures No. 5, “‘Design of Jacks for Jigs and Fixtures,” 
Dec. 10, 1925 

Jigs and Fixtures No. 6, ‘‘V-Block Design for Jigs and Fixtures,” 
Jan. 28, 1926 

Jigs and Fixtures No. 7, “‘Clamps for Jigs and Fixtures,’’ Mar. 4, 1926 

Jigs and Fixtures No. 7a, ‘‘Clamps for Jigs and Fixtures,’’ Oct. 7, 1926 

Machine Design 13, “Standard T-Slots for Machine Tools,” June 
23, 1927 

Machine Design 13a, “Standard T-Slots for Machine Tools,” June 
30, 1927 

Machine Design 13), “Standard T-Slots for Machine Tools,” July 
7, 1927 

H_ Articles in the American Machinist, as follows: 
“Saving Money by Welding Jigs and Fixtures,’’ Vol. 65, p. 707 
“Drill Jigs Embody Standard Construction,”’ Vol. 65, p. 989 
“Essentials of the Modern Drill Jig,’’ Vol. 63, p. 58 
“Principles Underlying Some Automobile Jigs,”’ Vol. 62, p. 229 
“Standard Jig Bushings,” Vol. 58, p. 625 

I Articles in Machinery as follows: 
“Air Chucks and Fixtures” (three instalments), July, 1927, p. 
814; August, 1927, p. 894; November, 1927, p. 196 
“Fixtures Operated by Compressed Air’ (two instalments), April, 
1927, p. 590; May, 1927, p. 673 
“Points on Making Jigs and Fixtures,’”’ February, 1927, p. 431 
“Points on Jig and Fixture Design,”” December, 1926, p. 250 
“Jigs and Fixtures for Automobile Engine Blocks,’’ November, 
1925, p. 179 
“Jigs for Irregular Shaped Automobile Parts,’’ October, 1925, 
p. 133 
“Fixtures for Automatic Millers,’’ June, 1925, p. 772 
“Gang Fixtures for Quantity Production,”’ April, 1925, p. 625 
“Estimating the Costs of Jigs and Fixtures,’’ February, 1925, p. 427 
“Temporary Jigs and Fixtures,"’ December, 1924, p. 292 
“Swinging-Leaf Clamping Devices,’’ March, 1924, p. 544 
“Building Jigs and Fixtures on a Manufacturing Basis,’’ March, 
1921, p. 632 
“Checking Jig and Fixture Drawings,’’ November, 1919, p. 290 
“Jig and Fixture Details’ (tables of dimensions), June, 1916, p. 839 
“Serews Used in Jig Design,”’ April, 1916, p. 689 
“Fixtures for Continuous Milling,” January, 1915, p. 350 

J “The Design and Building of Jigs and Fixtures.’’ Paper by 
F. P. Hutchison before the Metropolitan Section, A.S.M.E., 
Newark, N. J., March 28, 1928. Transactions, A.S.M.E., Vol. 
50, No. 18, May-August, 1928, paper No. MSP-50-12. 
Table of details which have been standardized with references are 

to be found in: 
Machinery'’s Handbook, 6th Edition, pp. 1087-97 
American Machinist Handbook 


Discussion 


Ernest F. DuBrvut.” The author has done a good service 
to all the machine industries in showing new applications of the 
economic formulas first developed by the Materials Handling 
Division of the Society. Users of machinery would benefit 
greatly if they used these formulas when considering the pur- 
chase of new equipment. There is no doubt that when formula 
[4] shows that a machine would break even at a cost of $100,000 
the well-informed user will come to a very rapid decision to buy 
it at an offered price of $15,000, instead of wasting much of the 
sellers’ time and effort in trying to beat this price down still 
lower. 

On the producer’s side it is not so certain that the same show- 
ing by that formula would nerve him to ask even $50,000. Ma- 
chinery builders suffer from too strong an inferiority complex 
to even expect such a thing. But the use of this formula might 


10 General Manager, National Machine Tool Builders’ Association, 
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induce some of them to ask a price that will at least give them 
a fair return on the capital invested in their business, even though 
they may never try to get an additional return that would be 
proper compensation for their brainwork or that of their personnel. 

Recently the writer had occasion to study an analysis of re- 
ports with respect to the net profit earned by 545 well-known 
corporations on their invested capital. The average earnings 
of the whole group amounted to 9 per cent on all the capital used 
by them in 1927, excepting only that capital offset by current 
liabilities. Many of these corporations were users of machinery. 
Compare this 9 per cent with the statements quoted by the author 
from American Machinist and Manufacturing Industries, which 
indicate that machine tools are generally expected to pay for 
themselves in two years. No doubt other machines are expected 
to do as well by their owners. 

It would be interesting to know why a machine-tool invest- 
ment should be expected to earn 50 per cent a year when all the 
other capital earns less than 9 per cent a year. Evidently the 
9 per cent figure for total investment is as high as it is in many 
cases only because the machine investment is earning much 
more than is earned by the other capital used. 

Many concerns making industrial machinery play Santa Claus 
for the rest of humanity. Out of their packs have come the 
floods of cheap and good things which we all enjoy having. But 
the records of business failures prove that entirely too many of 
these machinery Santa Clauses have suffered from the inherent 
risks of the role in the play of life and that entirely too many 
of them have been badly burnt in a business way. If all the 
price-making executives of all machinery industries would use 
these formulas before setting their prices, the Santa Claus role 
would pass to some other business group. If these price-making 
executives would insist on their sales forces learning how to use 
these same formulas, they would experience less sales resistance 
in getting a good price than they now experience in getting a 
poor one. Perhaps they might even be able to make the average 
buyer feel content with a 33!/; per cent return on his machine- 
tool investment and turn his mind away from the expectation of 
50 per cent. 

What a howl would go up if the machine-tool industry 
were to insist on getting 50 per cent a year on all the capi- 
tal it has at risk and also insist on getting, in salaries and 
personal compensation, the same rate of pay for managerial 
and designing brains as is collected in some of the industries 
to which machine tools are sold! It is certain that many ma- 
chine-tool companies could do just that, if their executives were 
to use the formulas in this paper. Many machine tools pay for 
themselves in from three to six months at their present prices. 
If their prices were raised to the level at which the investment 
would be paid back in two years, these machines would bring 
the producers from four to six times their present prices. 

At their present prices many machine-tool builders have a 
hard time to average a net of 10 per cent. All increase in those 
prices would be increase in profit, except for the split on the profit 
taken in taxes. I leave it to your imagination to vision what the 
increased net profit would amount to if a machine that now pays 
for itself in three months were sold at a price that the user would 
save in only two years. A 50 per cent return on the builder’s 
capital would be mere pin money in comparison. Is it any won- 
der that the writer is strong for spreading the use of formulas 
that will tell the machine industries what their product is really 
worth to users? 

It is no wild dream to think that if these industries really 
collected a fair share of the savings their machines produce 
they could pay their machinists as much as a house painter gets. 
They could even pay their engineers as much as a plasterer makes. 
So the writer can see a real pocket-book interest for the engineers 
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to study these formulas and for them to promote their use to the 
fullest possible extent. 


J. A. Porrer.'! The paper will be found to cover in a con- 
densed form and practical manner most of the basic principles 
of tool design. It is the best paper on the subject that has ever 
been brought to the writer’s attention, and he can differ with 
only one statement which would be governed entirely by the 
product manufactured. 

Modern steels call for increased speed and feed of machine 
tools, which makes changes necessary in machine design from the 
strength and rigidity standpoint. Manufacturers in turn are 
endeavoring to improve their products by keeping up with these 
changes, accomplishing this by putting greater speed and en- 
durance into their products and maintaining a high grade of 
interchangeability. This influence is seen not only in the auto- 
mobile industry, but in firearms, typewriters, sewing machines, 
printing equipment, adding machines, and any number of other 
manufactured products. 

An operation sheet is only a tentative proposition at best, 
so why have jigs and fixtures stamped with an operation number 
when the sequence is likely to be broken up on short notice? 

So many things enter into manufacturing changes that only 
a few instances can be enumerated, such as changing a part from 
casting to forging or sheet metal to increase strength, removal 
of a lug which is used for location, addition of an arm which 
might change location and bearing points, adaptation of a part 
to chucking operations previous to milling or drilling, all of which 
would of course make it necessary to renumber the tools. 

Furthermore, consider a difficult part with thirty or forty 
operations. Three experienced operation writers could write 
three entirely different operations, and each would present a 
good argument for his respective line-up. These same three 
could agree on a final operation sheet, but after the tool designer 
was well along in his work, he possibly could find that two opera- 
tions could be accomplished in one by the addition of another 
cutter in gang or that one fixture may serve for two operations 
by cross-tongueing. 

Possibly a better way is to stamp an identification or register 
number on the jig or fixture in addition to the part number, 
and then eliminate the operation number entirely. As an ex- 
ample an operation would read: Operation No. 27—drill and 
tap all holes; drill jig part No. 2946; register No. 8567. Regis- 
ter No. 8567 can then be used in the cost department to obtain 
the final cost of tool drawing, material, pattern and tool making, 
and it will also be found of value in the engineering department 
as a basis for estimating cost of tools for similar parts. 

It is of advantage in large factories where a number of different 
types of machines are manufactured to carry what is known as 
an alphabetical list. This is simply a list of named parts and 
their part numbers; as, bell crank No. 27891, bell crank No. 
3245, feed dog No. 4962, feed dog No. 9561, and so forth. From 
this list, similar tools, gages, etc., can be picked out from thou- 
sands of drawings and often a pattern can be used or a die stopped 
off with a new punch only, and many other short cuts obtained 
without resorting to tedious research. This method is not only 
a method of economy but tends to divert the draftsman’s mind 
to channels whereby he will produce tools that are more or less 
uniform and also of a proved value. 


Raps E. Fianpers.'? This paper is valuable in a number of 
ways. It states clearly a considerable proportion of the prin- 
ciples of design which should be followed if successful practice 


11 Elizabethport, N. J. 
12 General Manager, Jones & Lamson Machine Co., Springfield, 
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is expected; it has a most useful bibliography, in itself well worth 
the effort expended on the whole paper; and it puts into con- 
crete, usable form the economic calculations involved in suc- 
cessful jig and fixture design. This discussion will relate par- 
ticularly to the economic element involved. 

The formula used by the author is in line with that developed 
for materials handling and other machinery and is of practically 
universal application. It is the writer’s belief that for this par- 
ticular work at least it can be greatly simplified and put into a 
form for a given plant which will adapt it to general shop use. 
Let some of the factors be considered in the order given by the 
author. 

A = yearly percentage allowance for interest on the initial 
investment. It is suggested that this be taken on the original 
rather than on the depreciating value. 

B = yearly percentage allowance for insurance, taxes, etc. 
C = yearly percentage allowance for upkeep. 1/H = yearly 
percentage allowance for depreciation. It is suggested that 
these three percentages be combined in one expense factor F, 
given as a percentage of the cost of the fixture. This factor F 
may be varied from time to time by the management as condi- 
tions vary. 

E = yearly cost of supplies, power, etc. This may usually 
be neglected. 

YCSU = yearly cost of set-ups. This looks like an unmanage- 
able factor. In the first place the cost of set-up with a well- 
designed jig or fixture is sure to be very much less than for the 
hand methods that are supplanted. That is what the jig is for. 
This item, if it appears at all, should be on the credit side—else 
why make the jig? The normal way would seem to be to in- 
corporate the time for setting-up in the total cost of manufac- 
ture for a standard size of lot for both the present and the pro- 
posed methods, thus arriving at the saving per piece (SULC) 
used in the calculations. 

T = yearly saving in labor burdens, in dollars. Perhaps the 
writer does not understand this term as applied to jigs and fixtures. 
As to whether any saving in expense can be properly attributed 
to a jig would seem to be largely a matter of the way in which 
expense is applied to product. In general, if set-up time is ap- 
pliéd to the direct labor charge of a lot in process, this item would 
seem to be meaningless. Is it expected that an improved jig 
will diminish any other expense burden? How is the saving 
calculated and applied? The point there is that many of the 
improvements or changes made in the shop may succeed in re- 
ducing the number of hours and thus perhaps change the expense 
rate burden per hour, if applying it in that way, but they may 
not and probably will not change the sum actually spent in ex- 
pense items. That is, there will not be more foremen or less 
foremen, or more light or less light, or more taxes or less taxes, 
although those are taken care of in separate items. Very few 
of the expense items really seem to be easily attributable to the 
use of any particular jig or change in jigging. 

With these suggested simplifications, the writer would give 
the following condensed formulas, numbered to correspond 
with the author’s: 


(SULC) 
[3] 
F 


In the case of new fixtures, where there is no question of ob- 
Solescence of an old one, the expression KA disappears, and 
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the formulas above become so simple as to be expressible in self- 
evident rules, numered to agree with the formulas, thus: 

2 The production per year necessary to “break even’’ on a 
proposed fixture is found by multiplying the estimated cost of 
the fixture by the “expense factor’ and dividing by the saving 
per piece in direct labor cost. 

3 The maximum allowable cost of a fixture to “break even” 
in operating results is found by multiplying the number of parts 
made in a year by the saving in direct labor cost per piece and 
dividing by the “expense factor.”” That is an important attack 
on the problem, because usually the output of jigs and fixtures 
in a shop is determined by a certain equivalent of men and ma- 
chines, and there is a great tendency often on the part of the 
tool designer or the superintendent or foreman to think of some 
peculiarly interesting, ingenious jig, and to start right out and 
make it. That is not the logical way to go ahead. The logical 
thing to do is to see where the expenditure—say, the yearly 
or monthly expenditure (which is set by the size of that tool 
department and its equipment and its men)—will produce the 
largest saving in dollars, andlet ingenuity go to the winds. Look 
at it from the dollars and cents standpoint on the basis of these 
rules or formulas. 

4 The yearly net operating profit of a fixture is found by 
subtracting the product of its cost and the expense factor from 
the product of the number of parts made per year and the sav- 
ing per part. 

It is the writer’s belief that the author’s principles, expressed 
in the foregoing simple rules, will indicate to the management 
of the ordinary shop; (1) which are the operations most urgently 
needing new fixtures and jigs; (2) how much can profitably be 
spent on a given jig; and (3) whether a jig or fixture in practice 
meets the expectations of the designer. 

All this is of course quite apart from that other consideration 
which requires jigs and fixtures for certain operations from the 
standpoint of accuracy alone. That perhaps was not mentioned 
in the paper. Take, for instance, the multiple-spindle autc- 
matic screw machine, in the manufacture of which it is necessary 
to have a very accurately made fixture for the boring of the 
spindle bearings in the head. That is entirely aside from the 
question of production or saving money. It is necessary to 
do that from the standpoint of having it accurate enough to be 
of any use after it is done. In machine shops, in the making 
of a high-grade product, there are usually a number of cases of 
that sort. 

A vast field for improvement in the management of the ordi- 
nary shop is opened out by this approach to the problem. It 
appears to the writer that after we have cut out the factors 
that need not concern us in most machine shops, under most 
machine-shop conditions, the rules can be arrived at without 
mathematics whatever, but we arrive, in this case, at the par- 
ticular by way of the general, and it is pleasing to find the par- 
ticular application so simple, even though the general one is 
quite complicated. But that only increases the ease with which 
the principles can be applied, and allows no excuse whatever 
for any shop not going at this thing from the standpoint of caleu- 

lation, instead of groping around in the dark, or acting under 
emotional impulses, as we do when we get away from figures. 


Lurner D. Burutncame.'* The presentation of a paper 
on work-holding devices, especially dealing with the economics 
of the subject, seems timely, because of its covering ground 
not previously treated. The use of formulas for determining 
whether tools shall be made and as to the economy of their use 
may seem complicated to those who have been in the habit of 


13 Industrial Superintendent and Patent Expert, Brown & Sharpe 
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determining this question on the basis of general experience; 
and the question may be raised whether because there are so 
many variable factors dependent on estimates or judgment, the 
determination of this matter without the use of formulas may not 
in many cases be equally satisfactory. 

To those who “shy” at formulas it may be pointed out that 
their use is often not as complicated as appears, and that in this 
case it need not deter any from making a study based on the 
same to form a basis for the estimate of the economy of provid- 
ing tools for given conditions of quality and quantity. Even 
if judgment is depended on rather than using the author’s 
formulas, his analysis would aid in making the estimate with 
more assurance, and therefore so as to be given more weight 
than if the decision were made without such analysis. 

In many cases when deciding on “tooling up’’ there would 
be no need of using the formulas, because the conditions of inter- 
changeability or accuracy would require the use of tools in any 
case almost regardless of cost. 

One of the variables regarding which there is much difference 
of opinion, even independent of the question of tool equipment, 
is the size of lots it is economical to make; that is, what per- 
centage of saving in cost, because of the larger lot, will be offset 
by the eost of investment, storage, obsolescence, etc. in making 
such parts ahead for stock. The determination of this also 
has been made a subject for providing formulas, in an article, 
“The Most Economical Production Lot,” by E. W. Taft, Jron 
Age, May 30, 1918, p. 1410. 

The statement that an operation sheet should be prepared 
which includes every operation on the piece is especially suited 
to work which is being done on a strictly manufacturing basis, 
examples of which are sewing-machine and small-tool work. 

There is in the paper an argument pro and con as to the ad- 
visability of making a fixture adaptable to various pieces and 
operations. While this method cannot be recommended as a 
general practice, an illustration where economy results is in the 
case of machining some parts such as tables or slides for ma- 
chines, where a gang of cutters can finish the upper side of one 
and the under side of another, requiring after the operation 
merely the removal of the finished work and the turning over 
of the half-finished pieces to the adjoining fixture while a new 
casting is mounted for the first operation. 


A. L. DeLeeuw.'* Jigs and fixtures are used for three dis- 
tinct purposes: (1) to overcome the lack of skill on the part of 
the machine operator or assembler, (2) to make interchangeable 
manufacture possible, (2) to cheapen operations. Sometimes 
two of these aims or even all three may be met simultaneously 
by a jig or fixture. 

Under the first heading come such jigs as are required for 
work where great accuracy is needed, but where no men are 
available to produce the work. In those cases it is a matter of 
transference of skill from the toolmaker to the unskilled machine 
operator. 

Under the second heading come such operations as require 
that dimensions be kept within definite limits, whether these 
limits be wide or narrow. It is here a case of insurance against 
faulty work. On such work as agricultural machinery and similar 
products the limits may be so wide that the work falls well within 
the skill of ordinary mechanics, but the jig or fixture will give 
the assurance which could not be had if dependence were placed 
on the skill of the men. 

Under the third heading come such jigs and fixtures as will 
make it possible to reduce the time per operation or to employ 
a simpler or cheaper machine. 

In calculating the profits or losses due to the use of a jig or 
14 Consulting Engineer, New York, N. Y. Mem. A.S.M.E. 
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the allowable amount which may be spent on a jig for a given 
amount of work, there is no reason why depreciation of the jig 

should be considered. To figure depreciation on a standard 

machine tool—for instance, a lathe—means that one estimates 

the lathe to be not quite so valuable as it was when bought; 

in other words, that the original amount could not be recovered 

on it. On the other hand, the lathe is still a lathe and can do 

the work perhaps just as well as before the depreciation was 

figured in. A jig, on the other hand, is either perfect as to meet- 

ing its requirements or else it is no good. There is no middle 

way. Its sales value is nil, generally speaking, unless it is sold 
with a complete equipment for the manufacture of some article. 

When it is no longer useful for its original purpose, its only value 
is that of scrap. What should be figured in is repairs and obsoles- 
cence. On the other hand, if a definite number of years is figured 
as the life of the article to be manufactured, then this obsolescence 
no longer needs to be considered. 

If it is desired to figure the benefits of a jig which costs, say, 
$400 and which is expected to be used for five years, then one 
should figure what this $400 would have been worth at the end 
of five years; in other words, what one would have had if this 
$400 had been invested in, say, 5 per cent bonds rather than in 
a jig—and this value would have been $400 * 1025". This 
is the amount which has actually been spent for that jig at the 
end of the fifth year. 

On the other hand, savings are made continually, and if one 
wishes to make a fair comparison, one should also assume that 
these savings are invested as soon as they are made and at the 
same interest rate for these five years. 

It is not the writer’s idea that this more or less complicated 
calculation should be made, but he wishes to point out that 
if one goes so far as to figure interest on the jig, he should also 
figure interest on the savings. However, the writer feels that 
the conditions surrounding manufacture are never so completely 
known that such refined calculations will pay for themselves. 

In figuring the burden or overhead, in cases like the making 
of a jig, one runs up against an inconsistency which often must 
be tolerated in shop accounting because there is no way out 
of it. The writer refers to the system of figuring overhead as 
so much per hour or as a percentage of the labor cost. With- 
out condemning such practice, the writer wishes to point out 
that this practice is merely a makeshift and that in practically 
no case either the percentage of labor cost or the charge per 
hour corresponds to actual conditions. The writer does not 
feel like going to war with those who wish to follow this prac- 
tice in estimating the cost of a jig, but neither does he feel that 
much has been accomplished by doing it. 


Frep J. Mruter.™ By way of supplement to this admirable 
paper the writer would say that, in general, the question of 
whether special fixtures will be made for the manufacture of a 
given thing, such as a sewing machine, a gun, or a typewriter, 
does not present itself, at least not in this country, except as 
an inevitable element in the total cost of equipment for the job. 
Simply, there is no other way. Without special fixtures the 
work cannot be done with sufficient accuracy, at a cost low 
enough, nor can the necessary interchangeability be secured. 
In other words, at least some special fixtures must be provided 
for any manufacturing operation worthy of the name, in the 
machine line. 

It is quite common, however, to at first restrict the cost of 
such fixtures as much as practicable by simplification, until by 
trial the question of the development of a market has been tested. 
If that is favorable, then more elaborate and better fixtures are 
made, as opportunity offers or the necessity for them is perceived. 
1 Consulting Engineer, New Hope, Pa. Mem. A.S.M.E. 
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than to the question of whether they shall be made and used. 

Perhaps the saving effected in machine-tool equipment has 
not been quite sufficiently brought out. In some cases this 
saving is enough or even more than enough to pay for the fixtures. 

Sub-presses are generally classed as special fixtures, although 
they are regularly supplied by some makers. It is safe to say 
that our American low-priced clocks and similar articles could 
not be made without them; and by their use not only is a much 
higher grade of work made possible than can be obtained by the 
use of ordinary punch presses not so equipped, but in many 
cases the saving in the number of complete presses required 
and in the cost of punches and dies is ample to cover their cost; 
partly because changes from one job to another are so much 
more easily and quickly made and with far less danger of ruining 
a costly die or punch. 

A method of effecting savings in machine-tool equipment which 
is sometimes quite important, yet often overlooked, is illus- 
trated by the experience of a factory manager who was being 
shown through one of the factories of a group and the superin- 
tendent pointed out a new drill jig which was used in locating 
a number of small arms on a shaft about °/s in. in diameter by 
drilling and pinning. The manager noted that putting the 
various arms on the shaft, locating and clamping the shaft, 
and locating and clamping the arms for drilling required more 
time than the drilling, so that the drill was drilling less than half 
of the time. A duplicate jig was made, and a worker stationed 
at the side of the driller “ one jig while the other was on 
the drill table. Finally, when the demand grew sufficiently to 
justify it, a multiple adjustable-spindle drill press was used, 
which drilled all the holes simultaneously, and then more loaders 
were required to keep the drill press going. 
were expensive, 


loaded”’ 


Though these jigs 
nevertheless they were most economical, and 
although the ultimate economy of them was never, so far as the 
writer knows, gone into, it was known that both labor and operat- 
ing costs on that job rather abruptly declined. 

It was the custom to apply to all special fixtures a uniform 
rate of depreciation to cover obsolescence and wear. Although 
this rate was known to be too low for some fixtures and too high 
for others, no advantage could be perceived in different or special 
rates on things that were obviously necessary. And on the 
whole, the one rate was satisfactory and came as near the actual 
average decline in value as could have been arrived at by par- 
ticularizing; especially when it is considered that obsolescence 
is nothing but a guess, although a more or less intelligent one. 

There are, however, circumstances under which it is desirable 
or even necessary to determine as nearly as possible the actual 
rate of decline in value of each fixture, and the paper throws 
much light on the question of how it may be done. 


C. N. NEKLUTIN."* 
16 Ferguson, Mo. 


The writer is mostly interested in the 


TABLE 1 

1 Floor spon, nell 2 Machinery, per year 

Heating. Machine No. 

Lighting. . Interest. . 

Building and general equipment Depreciation. . 
. Departmental ‘or factory expenses: 
Rent. Power!...... or 


MACHINE-SHOP PRACTICE 


The economics of special fixtures relates to their character rather 
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first part of the paper dealing with economic analysis applied 
to fixtures. In general, the main difference between the analysis 
of material-handling equipment and the analysis of fixtures is 
in the conditions under which such an analysis must be made. 
When a question arises about a change of material-handling 
equipment, the major part of the old equipment must be dis- 
placed and new installed, while in the case of a change of fixtures 
the main part of the equipment, a machine tool, remains the 
same and the change is only in fixtures. 

Ordinarily the main advantage of new equipment for handling 
materials is in the saving of labor, and the estimation of the 
profitableness of new equipment may be based on only the labor 
saving. 

But the determination of direct labor saving may not be 
sufficient for economic analysis of fixtures. In many 
when a fixture costs considerably less than a machine tool, it is 
advisable to take into consideration the changes of cost of pro- 
duction due to the increased capacity of an expensive machine 
tool, or in other words, creating the formula for the analysis 
of fixtures, it may be a mistake to overlook the 
on the machine tool. 

For determination of burden 7», it is suggested that the yearly 
allowance for all components be established as percentage of 
money invested. There is no objection against the application 
of this method for the fixture itself. Also it is possible to elimi- 
nate this item in case either the cost of the displaced fixture is 
negligible or the old fixture had no charges against it of such a 
kind. But if the factory burden on the machine tool must be 
introduced into the formula, then we have to remember that the 
cost of supplies, repairs, power, heating, and lighting are not 
proportional to the cost of the machine. Sometimes the mistake 
is small, but the possibility of it creates a feeling of uncertainty. 

The method of calculation of yearly cost of set-up is not shown 
and the following questions may be asked: Is it necessary to 
introduce the cost of idle time of a machine tool in the cost of 
set-up? If so, how can it be done? 

First of all, the writer would suggest considering a machine 
tool and a fixture as a unit and making all calculations refer 
to the machine, not to a man operating it. 

The trend of all industries is toward the decrease of labor 
and the increase of cost of equipment and power consumed; 
therefore, a formula of today based on a machine as a unit will 
be good enough for the future. 

It is realized that difficulties would ensue in an accounting 
department if the use of the formulas required any changes in 
the accepted method of accounting at a factory. The suggestion 
is to introduce certain cost units which must be established by the 
accounting and engineering departments and used by the engi- 
neering department for estimating only. 

Selecting the cost units, one must remember the nature of 
different expenses. Suppose we agree that there are four basic 
elements which create all expenses in a manufacturing process, 


cases 


factory burden 


DISTRIBUTION OF FACTORY EXPENSES 


Labor, 4 Finished per year 


Direct labor. . Materials. . $.. 
Supervision. . ...$.... Freight inward. . 
Foremen. . Storage-room expenses.. 
Indirect labor. . Spoiled work. . 
Time and cost clerks. . All administrative expenses.. 
Employment department. . Total. 
Factory accounting department.. 
Overtime. . 
Accident “compensation insur- 

ance. 

Total’. . 


! These three items must be distributed between machines according to circumstances. 


? This total shows the yearly cost of total area of buildings. 
1 sq. ft. per hour in cents. 


cents 


* This total of the last group of accounts (without direct labor) shows the yearly labor burden. 


is the labor burden divided by the direct labor payroll. 


It must be distributed between departments according to circumstances, either proportionately 
to area occupied or taking into consideration the different conditions in departments. 


Finally, there can be determined for each department the cost of 


* This total shows the yearly expenses per machine for each machine, for a year of 2400 hr. Then there can be determined the cost of a machine hour in 


Then there can be determined the relative ratio, which 


in 
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namely, (1) floor space, (2) machinery, (3) labor, (4) finished 
product. 

In Table 1 is shown a possible arrangement of accounts for 
the said elements which permits distributing all factory expenses 
in a certain way. 

The fourth group of accounts wil! not be taken into considera- 
tion in these calculations. 

Table 1 gives three cost units: (1) Cost of floor space in cents 
per square feet per hour; (2) cost of time of the machine in cents 
per hour; (3) cost of labor burden in per cent of direct labor 
cost. Naturally there must be obtained one more cost unit, 
(4) cost of direct labor in cents per hour. 

The next step must be the calculation of a total machine- 
hour rate = M. The simplest form of total machine-hour rate is: 


M = cost of floor space X sq. ft. required for the machine 
and stock + machine-hour rate (col. 2 of the table) 
+ direct labor cost for operating the machine during 
one hour + labor burden ratio X direct labor cost 
per hour. 


The two first components of the total machine-hour rate remain 
the same for the machine with old fixture or new one. 

The third component, direct labor cost per hour, may be 
constant for old and new fixture if the operator works on the 
hourly rate. But if his salary is proportional to the amount 
of units produced, then the direct labor cost per hour may be 
different for the machine with old and new equipment, due to 
the different capacities of the machine. It may be that the 
operator is on piecework and is paid on an hourly basis for set- 
up. In this case the total machine-hour rate for set-up is dif- 
ferent than for production time. 

The fourth component varies in the same way as the third one. 

In order to write the formula which is convenient for different 
conditions, we have represented the total machine-hour rate 
in the following way: 

M = [cost of floor space + cost of machine-hour = basic 
machine hour rate (BMH)] + [direct labor cost 
per hour + labor burden per hour = labor cost per 
hour (LH)}. 


In a general formula there must be three different total ma- 
chine-hour rates: 


M. = machine with old’ equipment 
M,, machine with new fixture 
M, = hourly rate for set-up. 


In some cases M, = M, = M, and sometimes M, = M,. 

Now there must be included in the formula the item taking 
care of the idle time of the machine. Idle time increases the 
total machine-hour rate. When the machine is idle, the labor 
expenses may be considered as equal to zero; therefore, the 
labor cost per hour LH during productive hours will not be 
affected by the idle time of the machine. But the basic machine- 
hour rate BMH must be changed proportionally to a relative 
ratio 


Productive time + idle time 
Productive time 


X 


The determination of possible idle time is the most difficult 
part of the analysis of the fixture, and the main thing which is 
required for it is common sense. 

It may happen that the ratio X is different for old and new 
equipment of the machine-tool. 

Let X. = the ratio for old equipment 

X, = the ratio for new fixture. 
Then the total machine-hour rate will have the following forms: 


Moi = BMH X X. + LH,, for old equipment of the ma- 
chine 

M,i = BMH X X, + LAz,, for new fixture 

Mooi = BMH X X. + LHs,, set-up of old equipment 

Msi = BMH X X, + LH,, set-up of new fixture. 


These are the most general forms of total machine-hour rate; 
in most cases the machine-hour rate is the same for old and new 
fixtures and for set-up. 

Now the following items must be estimated: 


T. = time for set-up of old equipment, in hours 

time for set-up of new fixture, in hours 

amount of units produced per hour with old equipment 
P, = amount of units produced per hour with new fixture 
yo = amount of units made per set-up with old equipment 
N, = amount of units made per set-up with new fixture 


Yo = number of set-up per year with new fixture 

Productive time per set-up with old fixture = P, + T. 
Productive time per set-up with new fixture = = + T, 


Cost of production per unit for old fixture 


N. 
C. = ( Mos + + x.) 


Cost of production per unit for new fixture 
C, = Mui + TaMani + Nn 


Saving per unit 


No 
Mo; + ) (*: Mai + 


=C.—C, = 


No N. 
Saving per year for new fixture 
No Na 
Sy = SuNnYn = Mo + N. Ya (*: Miu: 
Na 
T oni a = Mo: ToM Mii a 
+ ) ( P. + No P. )s 


For the yearly expenses created by the new fixture the writer 
uses the same formula as the author: 


1 
YEF =I (4 +B+C + +) [2] 


though he has some doubts if it is necessary to have always in 
the formula the item KA. In many cases the profit and loss 
account must take care of the unamortized value of the old 
fixture. The presence of K ordinarily shows that in estimating 
the old fixture the influence of obsolescence was underestimated. 

In Equations [1] and [2] there are some possible variables, 
namely, J, H, yn, and Nn. 

There can be determined from Equations [1] and [2] only the 
limits for one of these variables at a time, assuming that yearly 
expenses are equal to yearly saving, or in other words, there is 
only one equation for the economical analysis of the fixture: 


From this main Equation [3] there can be determined: 
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J = maximum allowable cost. of fixture for certain conditions 
H = maximum amount of years necessary for amortization 
Yn = Maximum amount of set-up per year 


N, = minimum amount of units produced per set-up. 
The yearly profit due to the use of the fixture for certain se- 
lected conditions is: 


Yearly profit = S, — YEF.............[A4] 


Following the example of the formulas for material-handling 
equipment there can be determined the yearly profit from the 
new fixture in per cent on investment: 


Yearly profit 


I 


+A = YP per cent. 


Also there can be determined the number of years required 
for complete amortization of investment out of earnings: 


100 per cent 


YP per cent + — 
H 

The suggested formulas have a more complicated form than 
the formulas for material-handling equipment due to two reasons: 
first, they are written for the most of the possible conditions 
which may exist in a machine shop, and second, they contain 
all the elements which may be changed by the decision of a man 
in charge of production, such as the production per set-up and 
the number of set-ups per year. Again the influence of idle 
time may be analyzed easily. 

After the determination of the constant components of the 
total machine-hour rate and also of the items 7., Tn, No, Pn, 
A, B, and C the Equation [3] will have the form 

Xo, Xn) I 
(Nn, Yn, Ao, An) = 
J y H 

Analysis of this equation will show the influence of all possible 
variables and will facilitate the selection of the conditions under 
which the fixture must be built and used. 


Rosert T. Kent.” Considerable discussion has taken 
place during the past year or two concerning the economic 
status of the engineer. One trouble with the economic status 
of the engineer is that the engineer has not been giving enough 
attention to the economics of engineering. Results must be 
measured in dollars and cents, and unless there is some standard 
by which these results can be measured we are not in position 
to answer the questions of the stockholder and the capitalist, 
who, in the last analysis, must be satisfied with the operation 
of our industries. Some of the discussion of this paper does 
not seem to agree with the author’s presentation. Whether 
the author is right or wrong in his formulas, he has at least 
pointed the way which we should follow in order to adequately 
measure the economic performance of our industries. 

At least two other points, aside from the economic status, 
should be considered in the design of jigs and fixtures. It is 
not altogether a question of whether a fixture will pay for itself 
or whether it will save money. The two other things to be 
considered are safety and precision of work. 

The writer has in mind a problem presented to him by one 
of the large automobile companies in Detroit. Certain work 
Was being done without fixtures. The work was of the most 
dangerous kind, and the reason fixtures were not used was 
because it seemed almost impossible to design a fixture that 


7 Utica, N. Y. Mem. A.S.M.E. 
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would hold the work and yet pay for itself. But by the existing 
methods this work was proving to be the cause of so many 
accidents that the company was in danger of having proceedings 
brought against it by that branch of the state government 
concerned with such matters to enjoin the continuance of that 
particular operation. As a matter of fact, the injuries from 
that one operation aggregated more than from all the other 
causes of injury put together in that plant. In such a case 
the financial consideration is of less importance than any other 
in fixture design. 

The other point is that, whether or not a fixture proves eco- 
nomical in the operation, a fixturé will give a precision of work 
which may materially cut down the cost of subsequent operations 
and assembly. That fact also should be borne in mind, rather 
than the actual saving due to the fixture itself and the operation 
for which it is designed. 


8. Huson.’ There is one point that has been 
brought out by Mr. Kent and previous speakers that I am 
pleased to term “the intrinsic value of jigs and fixtures.” I 
have designed and built many and am free to say that in very 
few instances has the matter of cost entered into the calculation. 
We do know, however, that, laying aside the cost of the jigs, 
pieces cost less money when jigged or machined to fixtures 
than they did before. Then, there is another side which was 
touched on by Mr. Flanders. 

When I speak of jigs and fixtures I do not mean the little 
incidental jigs and fixtures. I am thinking of jigs that run 
8 or 10 ft. long and 3 or 4 ft. high, for machining pieces the 
demand for which might be somewhat limited. Nevertheless, 
they are the main framings around which a structure is assembled 
and are important to the construction of the machine. They 
can be laid out by hand; they have been. But there is that 
assurance to the manager and to the men in the shop of knowing 
when a piece is jigged or machined to a fixture or gage that they 
are relieved of responsibility. 

Furthermore, and this is where large- and medium-sized 
jigs sometimes get to be a burden, there is the question of services. 
A machine has been out for several years, an accident occurs, 
a piece is broken, and the owner sends to the manufacturer, 
fully expecting that he is going to have the piece replaced and 
that he will get it, ready to go in place of the broken piece. 
This is often worth more than money can measure. Mr. Kent 
touched on a similar point, and I think it can all be summed 
up in the word “service.”’ 

So that while dollars and cents enter as a very vital part of 
jigs, as Professor Roe has so excellently set forth in what might 
be termed this “initial paper’ on the matter, at the same time 
it is a question in my mind as to whether in many instances 
the cost is not secondary to the satisfaction of result, where 
parts can be duplicated with certainty. 

I know there is reluctance on the part of managers to spend 
money for fixtures unless they can be turned into dollars and 
cents. But when one is in the factory and sees the need of a 
fixture to facilitate production, the cost seldom enters into the 
question. And I want to say that welding has aided us mate- 
rially in producing jigs cheaply. Professor Roe, I think, touched 
on the fact that stock bushings and other details can now be 
had that go into jig construction. I am wondering whether 
we are not overemphasizing cost as against the question of pro- 
duction; whether it is done to its ultimate limit of quantity 
or whether it is done for the sake of the assurance that the 
parts are going to be right, even though the cost of jigs may 
seem excessive. 


18 Ansonia, Conn. Mem. A.S.M.E. 
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Guy Hvupparp.'’ In the first place I would say that Pro- 
fessor Roe’s paper refutes the saying that “history is bunk.” 
In introducing the author, Chairman Morrow did not mention 
the fact that Professor Roe is one of the few industrial historians 
and certainly one of the best. Furthermore, it should be pointed 
out that this valuable paper had its inception in a historical 
exhibition of work-holding devices which has recently been 
installed in the Museums of the Peaceful Arts, at 24 West 40th 
Street, New York City. The paper demonstrates the value 
of knowing what has been done in the past, in order properly to 
understand present developments and future trends in manu- 
facturing methods. 

I also believe that the value of Professor Roe’s paper and its 
attending bibliography will be very considerable in connection 
with the much-needed standardization of jigs, fixtures, and 
other work-holding devices. It will not be until production 
men realize that there is a basic collection of “one best ways’’ 
in jig and fixture design that their ideas along this line can be 
effectively coordinated. The paper also emphasizes the fact 
that jig and fixture design is in itself a worthy profession, apply- 
ing as it does the previously mentioned basic engineering princi- 
ples in order to make possible the miracles of modern mass 
production. 

I believe that four groups associated with industry can well 
give serious attention to Professor Roe’s paper. The first 
group is made up of designers of things manufactured by mass- 
production methods. After giving consideration to this paper, 
such a designer will certainly have jigs and fixtures in the back 
of his mind as he lays out the details of a new product, with 
the result that the parts will lend themselves to economical 
manufacture. 

The second group is made up of tool makers. When tool 
makers realize, as they will after reading this paper, that the 
business of building jigs and fixtures is a profession and not a 
form of drudgery, they surely will take more pride in it, and 
better equipment will result. The bibliography which Pro- 
fessor Roe has compiled will give a young tool maker the benefit 
of years of experience through a few days put in in studying the 
references. This is the first instance of which I have any knowl- 
edge of the comprehensive listing of the widely scattered litera- 
ture on work-holding devices. 

The third group which can profit by the study of Professor 
Roe’s paper is made up of manufacturing executives. There is 
a feeling in manufacturing establishments that jigs and fixtures 
are at best only a necessary evil. There seems to be “millions 
for distribution but not one cent for manufacturing’ when 
the unpleasant subject of such equipment comes before executives 
who have never had the benefit of the facts set forth in this 
paper. The way of the production man is unnecessarily hard 
as a result of this lack of vital information on the part of his 
executive superiors. 

The fourth and last group which could profit by this paper 
is made up of the bankers from whom manufacturers borrow 
money to finance new products and expanded programs. I 
know of a typical case in which a banker became interested in 
the management of a manufacturing business. After a survey 
he agreed that the product should be redesigned and improved, 
but at the same time he put his foot down on any further un- 
necessary experimental activities “such as the making of jigs 
and fixtures.’’ All that this man knew about jigs and fixtures 
was that they cost a lot of money, and he was therefore dead 
against them. Professor Roe’s paper would prove to this banker 
that these jig and fixture expenditures are as bread cast upon 
the waters which returns a hundred-fold. 


1% Cleveland, Ohio; Advertising Manager, National Acme Co., 
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Professor Roe’s paper is, furthermore, an effective answer to 
much of the criticism which during and immediately following 
the World War was directed against the Ordnance Department 
and against the manufacturing division of the Air Service. 
The general charge was that millions of dollars and months of 
time were spent, but that absolutely nothing was turned out. 
Chairman Morrow was connected with ordnance production, 
and Professor Roe was connected with aircraft production, 
and every one should know the time situation as they know it. 
The truth is that thousands of jigs and fixtures and special 
machines were ready for business when the Armistice was signed, 
and had the war continued there would have been an irresistible 
flood of war material from the United States which would 
have justified these thorough preparations in the eyes of the 
most skeptical. 

I am pleased that Mr. Ralph Flanders and Mr. Luther Bur- 
lingame have seen fit to discuss jigs and fixtures in relation to 
machine-tool manufacturing, as this is a phase of their appli- 
cation which must in the near future be better understood by 
Automotive men in particular are liable 
to have an entirely erroneous impression about the effect of jigs 


machine-tool users. 
and fixtures upon the cost of machine-tool equipment. — In 
manufacturing a motor vehicle the jig and fixture costs in the 
case of a new model are very heavy, but even though the model 
is changed every year, with the consequent scrapping of ex- 
pensive jigs and fixtures, the allowable jig and fixture burden 
per piece is extremely small. That is because so many thousands 
of parts of a kind are made in the automotive industry even in a 
period of a single year. 

In the manufacturer is 
ortunate if he builds several hundred parts during the five- 


machine-tool business, however, a 
vear period which is the conservative estimate of the time 
design which will 
render the jig and fixture equipment obsolete. 


hetween sweeping machine-tool changes 
Furthermore, 
jigs and fixtures used by machine-tool builders are large, very 
accurate, and therefore very expensive. Their object is not 
so much the economy to the machine-tool builder as it is the 
accuracy in production and the economy in maintenance for the 
machine-tool user. 

When a builder erects a building, the owner of the building 
pays for the stagings used during erection, whether he knows 
it or not. 
machine tool he was very apt to neglect properly to charge his 
jigs and fixtures to those who benefited most, who were the 
machine-tool The proper charging off of this jig and 
fixture equipment will account for the recent upward revision in 
machine-tool and reflects a long-delayed awakening 
within that industry to such sound economies as are exemplified 
in Professor Roe’s paper. 


In the past, when a machine-tool builder erected a 


users. 


prices 


E. A. Mvtier.” This paper is evidently intended as a guid 
for business executives to determine the extent to which jigs 
fixtures, and special tools should be resorted to in the manu- 
facture of comparatively small parts on a large scale. 

In the machine-tool industry it is necessary to make certain 
fixtures without which it would be impracticable to machine large 
parts economically or to make them on an interchangeable basis. 

It is customary for the average machine-tool builder to take 
into consideration as part of the cost of the design the cost of 
the jigs, fixtures, and special tools which will be necessary to 
produce the first machine. 


AvuTHOR’s CLOSURE 


In regard to the unamortized value of the displaced equip- 


2” President and Treasurer, King Machine Tool Co., Cincinnati, 
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ment, KA means that you carry the full 6 per cent interest 
on the unamortized value of the old equipment throughout 
the life of the new equipment. This method is carried over 
from the materials-handling formulas. The more logical thing 


(1 1H +1 
would be to use K +A xX 
H 2 eH 


for the displaced equipment, plus interest, 


, Which would pay 


during the life of 
the new equipment. 

We can develop these formulas further and take care of other 
items we might think of, but I am trying to place before this 
meeting and before the profession the simplest and most workable 

Mr. 
These 
formulas, no matter how accurate they may be, will not be used 


formulas which will substantially reflect the situation. 
Flanders has caught the idea and has gone me one better. 
unless they are simple. It is far better to get into our shops 
a workable picture of the economics of fixtures which will be 
used than to have in our Transactions logical and complete 
formulas which will not be used. Consequently, it is wise to 
think in terms of the simplest forms and to add such refine- 
ments as the one above, where greater refinement is needed. 
The paper anticipates Mr. Flanders’ suggestion. I would 
refer to the paragraph in the second column on page 3, just 
before the Examples, which reads, “The items A, B, and C, 
once settled upon, need change little,”’ ete., and which suggests 
If Mr. Flanders wants 
to call them F and can get the men to use them, he has my 


that these may be grouped together. 


blessing. 
The term “set-ups” as used refers of course to set-ups of the 
fixture, and it is pointed out in the second column of page 2 
of the paper that in some plants departments employ several 
tool setters regularly. If so, this can be included in the regular 
department overhead as a portion of the per cent added. Mr. 
Flanders’ the paper, but 
It seemed wise not to carry the formulas 
in the paper so far that some might lose the idea of what they 
I think that even in the 
simple forms which Mr. Flanders proposes they would be better 


formulas are the same as those in 


with fewer symbols. 
stood for and how they are derived. 


understood if one went through the steps given in the paper. 
It is quite as necessary that they be thoroughly understood as 
that they should be simple. A good tool maker may shy at 
formulas, but he thinks straight and clearly, and once he under- 
stands a thing he ceases to be afraid of it. I think that either 
the formulas as given or the simpler ones proposed by Mr. 
Flanders put the matter so that the tool maker can use them and 
that they reflect the major factors necessary to consider. 

I fully concur with the various comments which have been 
made that fixtures are often necessary irrespective of whether 


or not they pay. However, as Major Miller has brought out, 


MACHINE-SHOP PRACTICE 


MSP-51-11 95 


- the economic question is still there and governs the kind of 


fixture you will use. Granting you must have a fixture anyway, 


you still must determine the type. Take a straight milling 
operation: You can make a simple fixture to hold a single piece 
and have a single milling cutter run across it. You can string 
several pieces in tandem and run across them successively with 
Or you can turn the row around parallel to the arbor 
and cross it with a gang of mills, cutting them simultaneously. 
Which method will pay better? 
there and should be taken into account. 


one mill. 
The economic question is still 


You may need a fixture even though you make it at a loss, 
but then you may have to decide between the two losses; i.e., 
the profit V of the formula is negative. It is still desirable 
to evaluate it just as much as though it were in black instead 
of red. Whether it costs $10 or $100 will make a difference 
in the amount of loss you sustain. 

Throughout our manufacturing industries anything which 
is bought is subjected to more searching analysis than things 
You are 
much more businesslike in what you purchase, more searching 


which you make for your own use in your own shop. 


in the questions you ask, not only as to whether you need it at 
all, but what degree of refinement will meet your needs. 

Mr. DuBrul has told you what he meets when he tries to 
sell a superintendent a machine. That same superintendent 
will order this or that set of fixtures with almost no analysis 
as to the particular kind of fixtures needed. The same analysis 
should be applied to what you make inside of your plant as to 
what you buy. 

I hope the practice recommended in the paper will come 
into general use—namely, that an estimate be made of the 
cost of fixtures, of the expected product, and of the expected 
profit or loss—and that when the fixtures have been 


operation these be checked up. 


put into 
Such a check is an advantage 
Mr. Hubbard’s remark 
about bankers is right, and it is often hard to convince financial 
backers by the methods heretofore available as to the economy 
of high tool expense. 


to both tool designer and manager. 


Why is it necessary, in making a new 
sewing machine or a new rifle, to spend for special tools $100,000, 
more or less, whatever the amount may be? They do not see it. 
These formulas put it across so that even the wayfaring banker 
should not err therein. The management should not only 
know costs in the toolroom, but it should know that the toolroom 
is paying, and how much. Furthermore, it is desirable for tool 
designers that they be able to show the management quanti- 
tatively, and in the language which the office uses, that their 
recommendations are sound and their work is showing a profit 
for the firm. If this practice can become general on the basis 
of these formulas, or, if possible, better ones, it will be beneficial 
to all concerned. 
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Worm Gears—A Study and Review of 
Existing Data 


Progress Report No. 2 of the A.S.M.E. Special Research Committee on Worm Gears! 


r I NHE preliminary report of this research committee was pre- 
sented before the Society in December, 1926, under the 
title of ‘“Worm-Wheel Contact.” This paper proposed 

studying worm drives as a special case of thrust bearings, and 

gave an analysis of the worm contact conditions. 

The first progress report of the committee is a geometrical 
analysis of the contact conditions on a series of worms under 
different meshing conditions and consists primarily of 120 trac- 
ings showing the projection of the contact lines on the end sec- 
tion and plan view of the worm, together with sections of the 
worm thread and the profiles of a 30-tooth worm gear at vary- 
ing distances from the center line of the worm. This report, 
because of the expense of the large number of blueprints, was 
distributed only to the members of the research committee, and 
was made to clarify the subject of worm contact before attempting 
to study any test data. The report may be obtained at cost 
from A.S.M.E. headquarters by any one interested. 

It seemed advisable to start the active work of this committee 
by a study and review of existing data. To this end a circular 
letter was sent out about a year ago requesting any available 
information, either of actual tests or service data on actual in- 
stallations. A gratifying response has been made to this appeal. 
Further information of this nature will be welcomed at any time. 
This progress report deals with the first of this material which 
has been received. 


TEST DATA ON WORM DRIVES 


The following analyses of test data on worm drives have been 
made as though these drives were simple thrust bearings. The 
power losses in foot-pounds per minute have been divided by 
the circumferential velocity of the worm at its pitch diameter 
(called rubbing speed for simplicity), which gives the frictional 
resistance in terms of pounds at a radius equal to the pitch radius. 
The contact lines for each half-pitch advance of the worms have 
been established and are shown on the accompanying diagrams. 


Worm Drive AW-1 


Single-thread worm of hardened steel 
2.022 in. pitch diameter 

2.817 in. outside diameter 

1.102 in. root diameter 


1 The personnel of the A.S.M.E. Special Research Committee on 
Worm Gears is as follows: 

Earle Buckingham, Chairman, Associate Professor, Engineering 
Standards and Measurement, Massachusetts Institute of Technology, 
Cambridge, Mass. 

George H. Acker, Chief Engineer, Cleveland Worm and Gear Co., 
Cleveland, Ohio. 

Joseph J. Broshek, Commander, U. S. Navy, Fuel Oil Testing 
Plant, Philadelphia, Pa. 

L. Ray Buckendale, Sales Engineer, Timken-Detroit Axle Co., 
Detroit, Mich. 
David L. Lindquist, Chief Engineer, Otis Elevator Co., New York, 
N. Y. 

A. A. Ross, Engineer, Metal Gear Department, General Electric 
Co., River Works, West Lynn, Mass. 

Benjamin F. Waterman, Designer, Brown & Sharpe Manufacturing 
Co., Providence, R. I. 

W. H. Himes, Mechanical Engineer, Westinghouse Electric Co., 
East Pittsburgh, Pa. 


27° half included angle of thread milling cutter 
11° 8’ helix angle at pitch diameter 

1.250 in. circular pitch 

1.250 in. lead of worm 

8.173 in. center distance 

36 teeth in bronze worm gear 


Fie. 1 Worm Drive AW-1. Contact LINES FoR 
Eacn Hatr-Pitcn ADVANCE 


TABLE 1 TEST DATA OF WORM DRIVE AW-1 
(Brake arm, 3 ft.; dynamometer arm, 21 in.; rubbing speeds at pitch line 


of worm; lubricant, 600W cylinder oil) 
Dynamom- Tem- Power Frictional Coefficient 
Brake eter perature, loss, Tooth _ resist- 
scale, scale, deg. ft-lb. per load, ance, fric- 

Ib. Ib. fahr min. Ib. Ib. tion 
645 R.p.m. of Worm. Rubbing Speed, 341 Ft. per Min. Room Temp., 
77 Deg. Fahr. 

50 3.3 151 6528 251 19.1 0.0761 
100 6.5 150 8798 503 25.8 0.0513 
200 11.5 151 14049 1005 41.1 0.0409 
300 17.3 153 21428 1508 62.8 0.0416 

23.6 


Rubbing Speed, 488 Ft. 


77 Deg. Fahr. 

50 3.3 160 9331 251 19.1 0.0761 
100 5.9 158 11562 503 23.7 0.0471 
200 11.3 158 18053 1005 37.0 0.0368 
300 16.7 159 24543 1508 50.3 0.0333 
400 22.2 161 32048 2011 65.7 0.0327 
500 28.2 164 44624 2513 87.4 0.0348 


50 3.4 159 13823 251 21.1 0.0844 
100 6.1 174 18160 503 27.8 0.0553 
200 11.3 174 24124 1005 37.0 0.0368 
300 16.7 174 32796 1508 50.3 0.0333 
400 22.0 176 40115 2011 61.5 0.0306 
500 27.5 178 50144 2513 76.9 0.0306 

1550 R.p.m. of Worm. Rubbing Speed, 821 Ft. per Min. Room Temp 
Deg. Fahr. 
100 6.2 178 24554 503 29.9 0.0594 
200 11.4 178 32058 1005 39.1 0.0389 
300 16.6 178 39562 1508 48.2 0.0319 
400 22.1 173 52181 2011 63.6 0.0316 
500 27.6 177 64800 2513 79.0 0.0314 
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14.324 in. pitch diameter 
15.250 in. outside diameter. 


The contact lines for each half-pitch advance are shown in 
the accompanying sketch Fig. 1. The minimum projected 
length of the contact is about 2.00 in. The test data are given 
in Table 1. 

The values of the frictional resistance in Table 1 have been 
plotted against the tooth load and also against the rubbing speed 
in Figs. 2 and 3. 


Worm Drive AW-2 


Double-thread worm of hardened steel 
2.380 in. pitch diameter 
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Fic. 2 Worm Drive AW-1. FricrionaL ReEsisTANCE PLOTTED 
Against Toots Loap 


3.096 in outside diameter 

1.552 in. root diameter 

26° half included angle of thread milling cutter 
16° 45’ helix angle at pitch diameter 

1.125 in. circular pitch 

2.250 in. lead of worm 

8.173 in. center distance 

39 teeth in bronze worm gear 

13.966 in. pitch diameter 

14.750 in. outside diameter. 


The contact lines of this drive are shown in Fig. 4. The mini- 
mum projected length of the contact is about 2!/; in. The 
test data are given in Table 2. 

These values of the frictional resistance have been plotted 
against the tooth loads in Fig. 5. They appear to be too 
high in comparison with the data on other worm drives. 


When the case was disassembled after these AW-2 tests were 
completed, the radial ball bearing on the worm shaft was found 
to be assembled too tightly and turned only with considerable 
effort. This bearing was replaced for tests AW-1 and AW-3. 
It is possible that the excessive friction in the tight bearing on 
test AW-2 masked much of the influence of the change of loads 
and speeds on this series of tests. 


TABLE 2 TEST DATA OF WORM DRIVE AW-2 


Dynamom- Tem- Power Frictional Coefficient 


Brake eter perature, loss, Tooth resist- o 
scale, scale, deg. ft-lb. per load, ance, fric- 
Ib. Ib. fahr. min. Ib. Ib. tion 


LUBRICANT, 600W CYLINDER OIL 
1232 R.p.m. of Worm. Rubbing Speed, 768 Ft. per Min. Room Temp., 


4 Deg. Fahr. 

420 43.0 74 82556 2165 107.5 0.0496 
380 38.8 7327 1959 95.5 0.0487 
350 36.0 71055 1805 92.6 0.0513 
300 31.0 62840 1547 81.9 0.0529 
250 26.4 to 60047 1289 78.2 0 

200 21.6 54542 1031 ve 0.0689 
150 16.6 46327 773 60.3 0.0780 
100 11.9 42178 516 54.9 0.1064 
50 7.2 38029 258 49.5 0.1918 

6.25 2.5 118 26437 32 34.4 1.07 


LUBRICANT, 2 Parts Castor Or + 3 Parts 600W CyLINpER OIL 


1232 R.p.m. of Worm. Rubbing Speed, 768 Ft. per Min. Room Temp., 
86 Deg. Fahr. 


450 44.3 169 64447 2320 84.0 0.0362 
400 39.6 169 60297 2062 78.5 0.0381 
350 34.8 168 54793 1804 71.4 0.0396 
300 30.3 166 53354 1547 69.5 0.0449 
250 25.9 163.5 53271 1289 69.4 0.0538 
200 20.8 162 43701 1031 56.9 0.0552 
150 16.5 161 44972 773 58.6 0.0758 
100 11.6 158 38112 516 49.6 0.0961 
50 6.7 157 31253 258 40.7 0.1578 
25 4.6 153 32566 129 2.4 0.3287 
1024 R.p.m. of Worm. Rubbing Speed, 638 Ft. per Min. Room Temp., 
86 Deg. Fahr. 
475 46.8 159 56976 2449 89.3 0.0365 
400 39.8 158 52370 2062 | 0.0398 


350 35.2 159 50048 1804 78.4 0.0435 
300 30.3 159 44346 1547 69.5 0.0449 
200 20.9 158 37449 1031 58.7 0.0569 


817 R.p.m. of Worm. Rubbing Speed, 509 Ft. per Min. Room Temp., 
86 Deg. Fahr. 
475 47.1 158 48158 244 94.6 0.0386 
400 39.7 159 40885 2062 80.3 0.0389 
300 30.4 158 36281 1547 71.3 0.0461 
200 20.8 157 28980 1031 56.9 0.0552 


1770 R.p.m. of Worm. Rubbing Speed, 1103 Ft. per Min. Room Temp., 
86 Deg. Fahr. 


350 34.9 153 80667 1804 73.1 0.0405 
300 30.3 154 76653 1547 69.5 0.0449 
250 25.7 154 72639 1289 65.8 0.0539 
200 21.0 153 66678 1031 60.5 0.0587 
150 16.3 152 60717 773 55.1 0.0713 


Worm Drive AW-3 


Six-thread worm of hardened steel 
3.077 in. pitch diameter 

3.759 in. outside diameter 

2.287 in. root diameter 

27° half included angle of thread milling cutter 
41° 45’ helix angle at pitch diameter 
1.4375 in. circular pitch 

8.625 in. lead of worm 

8.173 in. center distance 

29 teeth in bronze gear 

13.269 in. pitch diameter 

14.250 in. outside diameter. 


The contact lines of this drive are shown in Fig. 6. The mini- 
mum projected length of the contact line is about 2'/, in. The 
test data are given in Table 3. 

These values of the frictional resistance have been plotted 
against the tooth loads in Fig. 7. The worm gear in test AW-3 
did not have full bearing. The bearing only extended about 
one-third of the distance across the face of the gear tooth on the 
left-hand side of the center as shown in Fig. 6, and did not ex- 
tend above the pitch line of the gear tooth. 
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TABLE 3 TEST DATA OF WORM DRIVE AW-3 


Dyna- Fric- 
mom- Tem- Power tional Coefficient 
Brake eter perature, loss, Tooth resist- of 
scale, scale, deg. ft-lb. per load, ance, fric- 
Ib. Ib. fahr. min. Ib. Ib. tion 


LuBRIcANT, 600W CyLINpER O1L 
1232 R.p.m. of Worm. Rubbing Speed, 992 Ft. per Min. 


25 10.8 159 26245 136 26.4 0.1941 
35 14.6 160 29695 190 29.4 0.1574 
45 ae. 160 23659 244 23.8 0.0975 
55 21.8 162 31176 298 31.4 0.1054 
65 24.8 163 23785 353 24.0 0.0680 
75 28.9 163 31301 407 31.5 0.0774 
85 32.6 165 33397 461 33.7 0.0731 
95 36.1 166 2782 515 33.0 0.0641 
105 39.9 167 36233 570 36.5 0.0640 
115 43.8 168 41040 624 41.4 0.0663 
12% 47.5 170 43134 678 43.5 0.0642 
135 51.0 171 42519 733 2.8 0.0584 
922 R.p.m. of Worm. Rubbing Speed, 743 Ft. per Min. 
25 10.4 169 15584 136 21.0 0.1544 
35 14.1 169 17152 190 23.1 0.1216 
45 17.7 169 17706 244 23.8 0.0975 
55 21.3 169 18261 298 24.6 0.0825 
65 25.0 169 19828 353 26.7 0.0756 
75 28.6 169 20382 407 27.4 0.0673 
85 32.2 170 20936 461 28.2 0.0612 
95 36.1 170 24533 515 33.0 0.0641 
105 39.5 170 23059 570 31.0 0.0544 
125 47.2 172 29238 678 39.4 0.0581 
145 54.3 173 29332 787 39.5 0.0502 
165 61.9 174 34497 895 46.4 0.0518 
185 69.2 175 36619 1004 49.3 0.0491 
205 76.7 176 40769 1112 54.9 0.0493 


LusricanT, 2 Parts Castor Or. + 3 Parts 600W CyLInpER Ou, 
1232 R.p.m. of Worm. Rubbing Speed, 992 Ft. per Min. 


2 10.3 160 19469 136 19.6 0.1441 
35 14.0 160 21564 190 21.7 0.1142 
45 17.7 160 23659 244 23.8 0.0975 
55 21.0 161 20334 298 20.5 0.0688 
65 24.8 162 23785 353 24.0 0.0680 
75 28.6 162 27235 407 27.4 0.0673 
8&5 32.2 163 27976 461 28.2 0.0612 
95 35.8 164 28717 515 28.9 0.0561 
105 38.9 164 22681 570 22.9 0.0402 
115 42.6 165 24771 624 25.0 0.0401 
125 46.2 166 25516 678 25.7 0.0379 
135 50.0 167 28967 733 29.2 0.0398 
145 53.8 168 32418 787 32.7 0.0415 
155 57.4 169 33159 841 33.4 0.0397 
165 60.3 170 32544 895 32.8 0.0366 
922 R.p.m. of Worm. Rubbing Speed, 743 Ft. per Min. 

25 9.9 169 10513 136 14.2 0.1044 
35 13.5 168 11067 190 14.9 0.0784 
45 17.2 168 12635 244 17.0 0.0697 
65 24.4 168 14743 353 18.5 0.0524 
85 31.8 168 16880 461 22.7 0.0492 
105 39.1 169 18982 570 25.6 0.0449 
125 46.4 169 21125 678 28.4 0.0419 
145 53.4 170 20204 787 27.2 0.0346 
165 60.6 170 21312 895 28.7 0.0321 
185 67.9 172 23435 1005 31.6 0.0314 
205 74.9 172 22514 1112 30.3 0.0272 
215 78.8 172 26111 1167 35.2 0.0302 


For purposes of comparison, in Fig. 8 the frictional resistance 
has been plotted against the tooth load on the following tests, 
which should be commensurate in some degree. The lubricant 
in all these tests was 600W cylinder oil. 


AW-1 at 1550 r.p.m. Rubbing speed, 821 ft. per min. 
AW-2 at 1232 r.p.m. Rubbing speed, 768 ft. per min. 
AW-3 at 922 r.p.m. Rubbing speed, 743 ft. per min. 


The values of the frictional resistance on run AW-2 have all 
been reduced by 22 Ib. to bring the curves together. Some 
such correction of an unknown amount should be made to cor- 
rect for the tight bearing used on this run. 


Worm Drive AW-4 


Four-thread worm of hardened steel 

4.104 in. pitch diameter 

5.812 in. outside diameter 

3.212 in. root diameter 

30° half included angle of thread milling cutter 
32° 29’ helix angle at pitch diameter 
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2.250 in. circular pitch 

9.000 in. lead of worm 
12.437 in. center distance 

29 teeth in bronze worm gear 
20.770 in. pitch diameter. 


The minimum projected length of the contact line is about 
in. 

Test Data, AW-4. This worm drive is in service driving a 
conveyor with a normal load of 20 hp. at a speed of 1150 r.p.m. 
of worm, service 24 hours a day, mostly at full load. After 
about two years’ service this drive was overhauled and the teeth 
of the gear were found to be pitted on the entering side. The 
gear teeth also showed a slight polish at the center of the face, 
with untouched tool marks visible elsewhere. These worn por- 
tions are indicated on the diagram of the contact lines, Fig. 9. 
This drive is still giving satisfactory service. 
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Frictional Resistance at Pitch Line of Worm, Lb 


25/ Lb Tooth L 
20 £2. /00 


---- Load 
| 


‘Simated Ze ro 
5700-20000 
Rubbing Speed at Pitch Line of Worm, Ft. per Min 


Fie. 3 Worm Drive AW-1. Fricrionat Resistance PLOTTED 
AGAINST RuBBING SPEED 


The polish at the center of the gear teeth was probably caused 
by the worm contact during the unloaded operation of the drive. 
Under load, deflection of the worm and the side deflection of 
the gear would tend to throw the contact toward the entering 
side where pitting took place. Probably the surface of the gear 
teeth failed here until sufficient contact was made to carry the 
load, after which further failure ceased. Using a similar analysis 
of the load-carrying ability for this worm drive, which will be 
taken up in more detail later, to that used for spur gears, a con- 
tact line of from '/; in. length to */, in. would probably be suffi- 
cient to carry this load. This agrees very well with the condi- 
tions found, and this pitting probably occurred soon after the 
original installation of this drive 
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Worm Drive AW-5 


Nine-thread worm of hardened steel 

3.015 in. pitch diameter 

3.441 in. outside diameter 

2.524 in. root diameter 

14!/,° half included angle of thread milling cutter 
38° 16’ helix angle at pitch diameter of worm 
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evolve some rational basis of comparison. We shall therefore 
consider some of the major factors which must be correlated 
in some way. 


VARYING FACTORS ON WORM DRIVES 


We shall first attempt to list some of the major factors which 
affect the power losses on worm drives and which also determine 
the maximum load and speed conditions under 
which these drives will operate satisfactorily. 


As the breakage of teeth is seldom encountered, 


2 


we shall omit from this preliminary attempt 


at analysis the factor of tooth strength. We 
then have the following indications of distress 


which are apparent when the drive is op- 


5 SATAN X X erated beyond its capacity: ° 


(1) Pitting of tooth surfaces 
(2) Abrasion and rapid wear of tooth sur- 


SS 
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0.8302 in. circular pitch 

7.4719 in. lead of worm 

6.7927 in. center distance 

40 teeth in bronze worm gear 

10.5704 in. pitch diameter 

10.9964 in. throat diameter 

The minimum projected length of contact is about 2'/, in. 
Fig. 10 shows the contact lines at each half-pitch advance as 
before. 

These tests were reported in a paper on “Efficiency of Gear 
Drives,” presented before the A.S.M.E. in June, 1918, by Messrs. 
Allen and Roys, and the data are given in Table 4. The lubri- 
cant used was a heavy oil sold by the Texas Company under 
the name of “Thuban Oil.” 


TABLE 4 TEST DATA ON WORM DRIVE AW-5 


Fric- 
Rubbing Tooth tional Coefficient 
R.p.m. of Output, Hp. speed, load, resist- of 
worm hp. loss ft. per min. Ib. ance friction 
Tests at 80 Deg. Fahr. 


; 1109 20.030 1.930 875 957 72.8 0.0761 
1137 16.395 1.635 897 764 60.1 0.0787 
1156 1.435 912 572 51.9 0.0907 
1175 8.413 1.105 927 379 39.3 0.1037 
1193 4.215 0.835 942 187 29.3 0.1567 
1200 1.953 0.807 947 28.1 0.3267 


5 0. 

1156 §=12.480 1.270 912 572 45.9 0.0802 
1175 8.456 0.964 927 381 34.3 0.0900 
i 1193 4.255 0.645 942 189 22.6 0.1196 
A 1200 2.096 0.554 947 93 19.3 0.2075 


The values of the frictional resistance have been plotted against 
the tooth loads in Fig. 11. 

All of these test curves show considerable resemblance to each 
other. There are so many varying factors involved that it is 
difficult to compare one series of tests with another until we can 


Fic. 4 Dovsie-Toreap Worm Drive AW-2. Contact Lines For Eacu 


faces 
(3) Excessive temperature of drive. 


Considering these conditions in more detail, 
we have the following major influences in- 
volved: 


(1) Prrrine or Toors SurFaces 


The pitting of the tooth surfaces is the re- 
sult of compressive fatigue of the materials 
and is dependent upon 

(1-a) The physical properties of the material 
(1-b) The size, form, and nature of con- 
tact between the worm and gear 
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(1-c) The accuracy of the worm and gear and the accuracy 
of their alignment 

(1-d) The intensity of the applied load 

(l-e) The velocity of the engagement 

(1-f) The nature of the service (steady loads, intermittent 
loads, shock loads, etc.). 


(2) ABRASION OF TooTtH SURFACES 


The abrasion of the tooth surfaces is a result of the failure 
of the lubricant to keep the rubbing surfaces from making me- 
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tallic contact. The ability of the lubricant to 
function properly depends upon 


(2-a) The nature of the contact between 
the worm and gear 

(2-b) The characteristics of the lubricant 

(2-c) The velocity of the engagement 

(2-d) The intensity of the load 

(2-e) The method of lubrication 

(2-f) The operating temperature of the 

drive. 


(3) Temperature or] Drive 


The temperature of the drive depends upon dy 


(3-a) The amount of the power loss 

(3-b) The area of the exposed surface 
of the gear case 

(3-c) The room temperature and the lo- 
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cation of the case in respect to the 
circulation of air about it. 


As most of the data thus far considered 
relate to the power losses, we shall first con- 
sider item (3-a) in more detail. 

(3-a) The Amount of the Power Loss. The 
major factors that affect the power losses of Fia. 
a worm drive are 


(3-a-1) The churning of the oil in the case 
(3-a-2) The bearing losses 
(3-a-3) The worm contact losses. 


The totals of all these three sources of power loss are included in sag for worm — , f ay 
the preceding test data and have been converted into the equivalent r oe ee ee by all of the factors ee the 
torque load at the pitch line of the worm. All of these losses © °hurning of the oil in the case can best be determined by running 
have also been included in the determination of the coefficient the drive without load until the temperature remains constant. 


of friction given in the tables as such a torque load, 


result that in one case this coefficient is greater than unity. We No 
shall now consider the foregoing factors in a little more detail. 


Frictional Resistance at Pitch Line of 


nf 
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Against Toots Loap 


(3-a-1) Churning of Oil in Case. Tests made of the churn- * 
ing losses in an automobile spur-gear transmission indicated 
that these losses are primarily affected by the viscosity of the 
lubricant, the velocity of the gears, and the depth of the oil in Tooth Load, Lb. 
the case. These tests also indicated that the torque load is 
nearly constant at all speeds with the same lubricant at the 
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same level and temperature. Also that a change in oil level 
had a greater influence on this load than a change in viscosity. 
It is possible that these same conditions would also hold sub- 


with the If possible, torque-load readings should be taken, which can be 
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Frictional Resistance at Pitch Line of Worm, Lb 


© AW-3 743 Ft per min. 
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checked with reasonable accuracy by calculations based on the 
temperature rise and the area of the exposed surface of the case. 
Such power losses might be established as “case factors” for any 
specific drive. A series of such tests with different lubricants 
at different speeds would give valuable data as to the influence 
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of different types of lubricants and different oil 
levels on these power losses. 

(3-a-2) Bearing Losses. The power losses in plain 
bearings depend primarily upon the amount of the 
load, the rubbing velocity, the viscosity of the 
lubricant, and the bearing area. 

The power losses in ball bearings depend primarily 
upon the amount of the load and the speed of rota- 
tion. Only when these bearings are submerged in 
oil does the viscosity of the lubricant have any ap- 
preciable influence. e 

With plain bearings the coefficient of friction is oh 
high at very low speeds and decreases rapidly until 9 
the rubbing speed reaches a speed of about 100 ft. 
per min.; then it rises slowly again, increasing ap- 
proximately as the square root of the velocity. 

These coefficients of friction change to some ex- 
tent with a change in load. 

With ball bearings, the coefficient of friction is 
practically a constant at all speeds and loads; that 
is, the power loss is directly proportional to the 
power transmitted. Existing data can be used to 


(3-a-3) Worm Contact Losses. The power losses 
because of the rubbing between the worm and gear 
depend primarily upon the nature of the contact, the character- 
istics of the lubricant, the rubbing speed, and the intensity of 
the load. 

All of these factors are closely interrelated, and many of them 
are variables. Thus an increase in load may increase the overall 
power losses, which will increase the operating temperature and 
reduce the viscosity of the lubricant. A decrease in the viscosity 
might reduce the churning losses slightly, but might increase the 
worm contact losses still more, etc. This suggests but one ex- 
ample of the complexity of this whole problem. 
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The coefficient of friction at the worm mesh probably varies 


both with the load and the rubbing velocities. In most tests, 
particularly where small amounts of power are transmitted, 
the power lost in churning the oil and the bearing losses are 
probably so large in proportion to the power lost at the worm 


Fig. 9 Four-Toreap Worm Drive AW-4. Contact Lines For Eacu Hatr-Pitcu 


mesh itself that the characteristics of the 
friction losses at the worm mesh are con- 
siderably masked. It would seem, how- 
ever, that under very light loads the 
frictional conditions here may approach 
those of fluid friction, while at the maxi- 
mum or limiting loads they would begin 
to approach those of solid friction. 

It thus seems probable that under the 
many varying conditions on different 
worm drives, all types of friction are some- 
times present; namely, fluid friction, fric- 
tion of semi-lubricated surfaces, and in 
the most extreme cases, solid friction. 
The friction of any worm drive operating 
at a given speed would probably pass 
through all of these phases in order as 
the loads were increased, starting with 
fluid friction under very light loads. We 
find in “Practice of Lubrication,” by T. C. 
Thomsen, the following laws of friction: 

Fluid Friction. The frictional resistance 
with fluid friction 

a Is independent of the pressure be- 
tween the surfaces 
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b Increases with speed of rubbing surfaces 
c Increases with area of rubbing surfaces 
d Is independent of the condition of the rubbing surfaces 
or the materials of which they are made 
e Depends entirely on the viscosity of the lubricant at the 
working temperature of the oil film. 
Semi-Lubricated Surfaces. There are no definite laws govern- 
ing the friction of semi-lubricated surfaces. The frictional re- 
sistance is composed partly of solid friction and partly of fluid 


friction, and the more the solid friction predominates, the more 
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important is the property known as oiliness and the less important 
the viscosity of the lubricant. 
Solid Friction. The frictional resistance with solid friction is 


a Directly proportional to the total pressure between the 
surfaces 

b Independent of the rubbing speeds at low speeds, but de- 
creases at very high speeds 

c Independent of the areas of the surfaces 

d Dependent to a considerable extent on the roughness and 
hardness of the surfaces. 


There are so many possible combinations of loads, speeds, 
and lubricants that no single curve can be drawn which will 
represent graphically the power loss at the worm mesh. We 
shall attempt, however, to so picture a few of these possible 
combinations. 

We shall assume a drive operating at a constant speed. In 
Fig. 12 are drawn two curves representing the change in the 
power losses as the load is increased, curve A representing the 
conditions with an oil of low viscosity, while curve B represents 
the losses with an oil of higher viscosity. As long as fluid fric- 
tion is present, the lower-viscosity oil gives a smaller power loss. 
Fluid friction may be maintained, however, under heavier loads 
with an oil of higher viscosity; hence at some point the two 
curves will cross each other, and under the more severe load 
conditions the oil of higher viscosity will show the smaller power 
loss. These two curves are based on two lubricants of the same 
general characteristics 

except for the viscosity. 
This condition exists in 
test AW-5,and the graph 
of those tests, Fig. 11, 
shows such a crossing 
of the two curves as that 
in Fig. 12. 

If the oil of lesser vis- 
cosity is of a greater oili- 
ness than the other, 
although the two curves 
might start out as be- 
fore and cross each other, 
under extreme condi- 
tions of load, curve A 
would be flatter than 
curve B so that the two 
curves would cross each 
other again, and the oil 
of lesser viscosity but 
greater oiliness would 
again show a smaller 
| power lossthan the other. 
Such a condition is rep- 
resented in Fig. 13 by 
curves A and B. 

As another example 
we shall consider some 
of the possible condi- 
tions with constant loads 
at varying speeds. As 
the power loss is small at very low speeds, although it may be 
a very large percentage of the power transmitted, the change 
in the frictional conditions will show up more distinctly when 
the curves represent the change in the frictional resistance rather 
than the power loss itself. When the speed is constant, the shape 
of the curve is the same whether it represents frictional resist- 
ance or power loss. 
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Under very light loads when fluid friction is maintained, the 
frictional resistance is dependent upon the rubbing speed and 
the viscosity of the oil at its working temperature. This might 
give us practically a straight line as shown at A in Fig. 14. An 
increase in load would not change the frictional resistance so 
long as fluid friction was maintained. If an oil of greater vis- 
cosity were used, we should have the curve B to represent similar 
load conditions. This line would start a little higher and prob- 
ably rise a little faster than the first line. 

If the load were increased so that a perfect oil film could not 
be maintained, we should have the conditions represented by 


a 
Fluid Frichorr= 


Load 
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curve C. Here the static or starting friction would be very high. 
The frictional resistance would reduce rapidly to a minimum 
as the speed was increased, and then rise again slowly with a 
further increase in speed. The higher the load, the more pro- 
nounced the form of this curve will be. This general condition 
is very apparent in the graph of test AW-1, Fig. 3. 

Under these same conditions with an oil of greater viscosity 
we should have the conditions represented by curve D. Here 
the static or starting friction is lower, but after the frictional 
resistance had reached its minimum it would rise faster than 
with the lighter oil. 

In general, the graphs of the test data seem to indicate that the 
conditions are very similar to those outlined in this very incom- 
plete analysis. 

A considerable amount of data has been received which shows 
the wear or life of worm drives under service conditions. Test 
AW-4 is one example of this type of information, and several 
more are now in process of investigation. We shall therefore 
consider item 1, pitting of tooth surfaces, in some detail, and 
set up tentative methods of analysis for the purpose of making 
direct comparisons of these data. 


or Toots Surraces ConsIpERED IN More 


(l-a) Physical Properties of the Materials. Most of these 
have already been established for the materials commonly used 
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in the construction of worm drives, although reliable information 
on compressive strength and compressive fatigue is conspicuous 
by its absence. 

(1-b) Size, Form, and Nature of Contact Between Worm and 
Gear. In many respects the contact between a worm and gear 
as regards the maximum compressive stresses set up is very 
similar to that between spur gears, so that a reasonably true 
measure of these stresses should be obtained by using a similar 
method of analysis. Therefore we shall tentatively use the 
following expression for this purpose: 


| 

+ 
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Frictional Resistance 


where W, = equivalent static load, lb. 
D = pitch diameter of worm gear, in. 


F = minimum length of contact, in. (This length to be 
the projected length of contact lines on plane per- 
pendicular to axis of worm.) 

K = load-stress factor. (Same as for spur gears.) 

K = 75 for hardened steel worm and bronze gear. 


(This value gives a probable factor of safety of 
about 2.) 

Q = curvature-ratio factor and will vary from about 
2 to 6, depending upon the nature of the contact 
lines. In the case of most of the drives of con- 
ventional design, the value of 2 should be used. 


(1-c) Accuracy of Worm and Gear and Alignment. This 
accuracy controls the amount of the theoretical contact which 
is actually obtained, as well as influences the intensity of the 
maximum loads set up when the drive is in operation. With 
reasonable accuracy, the drive will tend to wear to more nearly 
complete contact. If the errors are large, however, the tooth 
surfaces may start to abrade before full contact is secured, and 
when this abrasion is excessive, the tooth surfaces will be too 
far destroyed to ever match and polish down again. 

(1-d) Intensity of Applied Load. As with other gears, the 
intensity of the maximum instantaneous load will depend upon 
the characteristics of the materials, the extent of the errors, 
the velocity of the engagement, the magnitude of the effective 
masses, and the amount of the load to be transmitted. 

(1-e) Velocity of Engagement. The velocity of the engage- 
ment as it affects the intensity of the maximum impact load is 
probably very similar in its influence to that of other types of 


gears. The helical action of the worm thread probably softens 
the impact conditions set up by minor errors, 80 that the mating 
profiles may never actually leave contact with each other. Under 
such conditions, the maximum load would be a suddenly applied 
one with double the intensity of the working load. Therefore 
for the purposes of preliminary analyses and comparison we 
shall tentatively use the following equation as a measure of the 
influence of the pitch-line velocities. 


W=W, + 0.0) [2] 


where W, = equivalent static load, lb. 
W = transmitted tooth load, lb. 
V = pitch-line velocity of worm gear, ft. per min. 


This equation gives us the following velocity factors: 


Velocity Velocity 
V factor V factor 
100 0.833 1100 0.577 
200 0.750 1200 0.571 
300 0.700 1300 0.567 
400 0.667 1400 0.563 
500 0.643 1500 0.559 
600 0.625 1600 0.556 
700 0.611 1700 0.553 
800 0.600 1800 0.550 
900 0.591 1900 0.548 
1000 0.583 2000 0.545 


(1-f) Nature of Service. Practically all test data are based 
on steady load conditions. Where more severe conditions have 
to be met, smaller load values must be used. It may be possible 
to establish service factors for the different types of service 
which must be performed. Experience seems to indicate that 
these factors would vary from about unity for steady load con- 
ditions to about one-third for the most extreme conditions. 
In other words, a drive subjected to intermittent shock or over- 
load conditions could only carry a norma! load of about one-third 
of what it should carry under steady load conditions. This 
factor must be taken into consideration when comparisons of 
service data are made. 

Taking drive AW-4 as an example of the use of these tentative 
equations, we have the following factors for the solution of Equa- 
tion [1]: 


D = 20.770 K = 75 
F = 5.50 Q = 2.0 
whence W, = 17,135 lb. 
For Equation [2] we have V = 215, whence 
W =0.74 W, 


The actual tooth load developed by transmitting 20 hp. is 
equal to 3070 lb. According to the foregoing equations, the 
safe maximum load as far as fatigue is involved on this drive 
is 17,135 X 0.74 = 12,680 lb., or about four times the actual 
load. This safe load includes a factor of safety of about 2.0, 
so that the actual load is about one-eighth of the critical load, 
or a contact line one-eighth of the theoretical one of 5.500 in. 
should just carry the load. This checks very well with the ac- 
tual conditions found on this drive in service, because after con- 
tact was made over a surface of from '/, in. to */, in. in width, 
further wear was not apparent. 
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Thread Forms of Milled Worms 


Progress Report No. 3 of the A.S.M.E. Special Research Committee on Worm Gears! 


This paper is a continuation of the material on helicoidal sections 
given in the author's paper on ‘‘Worm-Wheel Contact” presented be- 
fore the Society in December, 1926. It covers the equations necessary 
to determine the thread form of milled and ground threads in various 
sections and also the sections of a helicoid formed by a straight-sided 
lathe tool, set toward the helix angle of a thread. This last helicoid 
is a convolute helicoid with the inclination of its generatrix in the op- 
posite direction to that of the helix. 

As an example, the worm used in the drive AW-3 in Progress 
Report No. 2 of the A.S.M.E. Special Research Committee on Worm 
Gears has been analyzed and the coordinates of the thread form in an 
axial section have been determined when the thread is produced by a 
lathe tool, a 4-in.-diameter thread milling cutter, a 12-in.-diameter 
grinding wheel, and by the flat side of a grinding wheel which would 
produce an involute helicoid. 

This analysis shows that the form in the axial section of a thread 
produced by a lathe tool, tipped toward the helix angle, will be con- 
cave. That produced by a milling cutter may be concave, convex, or 
a form of double curvature, depending upon the diameter of the cutter, 
angle of thread, diameter and lead of screw, and depth of thread. 

The curvature increases with a reduction in thread angle and an 
increase in helix angle. The milled forms become more convex with 
an increase in the diameter of the cutter or grinding wheel. 

This paper is another attempt to introduce more mathematics in 
the machine shop to the end that we may know more definitely the con- 
ditions with which we are contending. 


T HAS long been known that the form of a thread produced 
by milling or grinding with a cone-shaped milling cutter or 
grinding wheel varies from that produced by a lathe tool. 

The purpose of this paper is to give an analysis of these milled 
and chased thread forms. This analysis covers the forms of all 
threads, such as standard screw threads, Acme threads, and the 
threads on worms. 

This paper is a continuation of the material on helicoidal 
sections presented in the author’s paper? entitled ““‘Worm-Wheel 
Contact,”’ at the annual meeting of the A.S.M.E. in 1926. The 
equations are therefore numbered as a continuation of the equa- 
tions given in that paper. 

The term “milled worms” in this analysis includes all worms 
produced by cone-shaped milling cutters or grinding wheels. 


! The personnel of the A.S.M.E. Special Research Committee on 
Worm Gears is as follows: 

Earle Buckingham, Chmn., Associate Professor of Engineering 
Standards and Measurement, Massachusetts Institute of Tech- 
nology, Cambridge, Mass. 

George H. Acker, Chief Engineer, Cleveland Worm and Gear 
Company, 3249 East SOth Street, Cleveland, Ohio. 

Joseph J. Broshek, Commdr., U. 8S. Navy, Fuel Oil Testing Plant, 
Philadelphia, Pa. 

L. Ray Buckendale, Sales Engineer, The Timken-Detroit Axle 
Company, 100-400 Clark Avenue, Detroit, Mich. 

David L. Lindquist, Chief Engineer, Otis Elevator Company, 
250 11th Avenue, New York, N. Y. 

A. A. Ross, Engineer, Metal Gear Department, General Electric 
Company, River Works, West Lynn, Mass. 

Benjamin F. Waterman, Designer, Brown & Sharpe Manufacturing 
Co., Providence, R. I. 

W. H. Himes, Mechanical Engineer, Westinghouse Electric and 
Mfg. Company, East Pittsburgh, Pa. 
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The thread forms on such worms are the result of the enveloping 
action of the generating cone about the axis of the worm as the 
worm is screwed past the cone-shaped cutter or wheel. The 
resulting thread form in an axial section may be convex, concave, 
or a form of double curvature, depending upon the relative di- 
ameters of worm and generating cone, angle of cone, angular 
setting of generating cone, lead of worm, etc. 

The interrelations between these several factors are so com- 
plex that as yet no single equation has been developed to give 
directly the relationship between the two coordinates of the 
thread form. Therefore a series of equations must first be solved 
to establish such a relationship, and then these related values 
be used in all succeeding equations. The following equations 
enable the coordinates of these milled thread forms in the 
several sections to be determined when 


L = lead of worm 

c distance between axes of worm and generating cone 

8 = angular setting of axis of generating cone from 
axis of worm 


a = angle of generating cone (half the included angle 
of cutting edge of milling cutter or grinding wheel). 
R = Radius of generating cone at point where pro- 


jection of axis of cone on plane containing worm 
axis intersects worm axis. (This radius is usually 
the radius to the intersection of the two gener- 
ating cones.) 
b = distance between axis of generating cone and 

arbitrary intersecting planes 

z,y = coordinates of milled-thread form on intersecting 
plane containing the axis of the worm. 


The equations required to determine the coordinates of the 
intersection curve of a milled worm with a plane that contains 
the axis of the worm are as follows: 


_ DV F? + (E?— D*) — EF 


[35] 
where 
D = L—2xC tan 8 + 2xb tan + tan%a) 
E = tana (Ltan + 
F = 2xR tan? atan g 
[36] 
bY cos 6 + (R—R')tanasing (37] 
C—b 
[38] 


r= + — R’) tan a cos 8 — bY sin 8 + 


The foregoing Equations [35] to [39], inclusive, must be solved 
in the order given to determine the coordinates of the thread 
form for the axial section. The factors L, C, a, 8, and R are 
constant for any given example, while different values of b are 
selected which will cover the thread form. 

The equation of the tangent to this thread form, the angle of this 
tangent being measured from the axis of the worm, is as follows: 


(b/cos A) — sin A(b tan A— R tan asin + ysinA) 
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(L/2x y) cos A(btan A — R tan asin 8 + ysin A) 


met. 

[40] 
¥ ‘ 
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The polar equation of the intersection of 


this helicoid with a plane perpendicular to : 0 14823 
its axis is as follows: I 40 


tang... 2.09407 


9 


L 


This curve is a spiral with a variable rise per revolution. The 
equation of the tangent to this intersection curve, measured from 


the radius vector, is 


The equation of the intersection of this %....... 6 .0000 
. . . 5 
helicoid with a plane parallel to its axis at 
a distance D from the axis is as follows: tang... 2.74910 


x’,y’ = coordinates of the inter- 
section curve on plane parallel to axis of heli- 


coid 
y= Vy? — [43] 
L 
2x y 


The equation of the tangent to this curve is as follows: 


2ry? tan [45 
Qry Vy2?—D?—LDtang 


Equations [41] to [45], inclusive, are general equations which 
can be used for any helicoid when the ; 
equation of its form in the axial section is 
known, or when the coordinates of the axial 
form and the values of the tangents are 
known. 

As a definite example, and also to in- 
vestigate the influence of a change in diameter of the cutter on 
the form of the thread produced, we shall determine the co- 
ordinates and tangents of the form of the thread on the worm 
used in drive AW-3, Progress Report No. 2 of the A.S.M.E. Special 
Research Committee on Worm Gears. This worm is as follows: 

Six-thread worm 

8.625 in. lead of worm 

1.4375 in. circular pitch 

27° half included angle of thread milling cutter 
41°45’ angular setting of cutter 

3.077 in. pitch diameter 

3.759 in. outside diameter 

2.287 in. root diameter. 

We shall determine the form of the axial section of this worm 
when produced with a 4-in.-diameter milling cutter and a 12-in.- 
diameter grinding wheel. The diameter of these cone-shaped 
cutters to the intersection of the two cones if they were extended 
to meet in a sharp corner would be about 0.260 in. larger than 
their actual diameters. The distance between the axis of the 
worm and the axis of the cutter will be about 1.0135 in. greater 
than the radius of the cutter to the sharp corner. This will give 
the following values for the solution of Equations [35] to [40]: 

4-in. cutter 12-in. wheel 


tan ¢’ = 


0.15574 


L= 8.625 8.625 
C2 3.1435 7.1435 
8 = 41°45’ 41°45’ 
e= 
R= 2.130 6.130 


With the 4in. cutter and the following values of b, we ob- 
tain these coordinates and tangents for the Seto 
form of the axial section: 
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0.13446 0.18400 0.23912 0.29741 0.35728 0.41760 0.47758 


1.7000 1.6000 1.5000 1.4000 1.3000 

.26120 1.35425 1.45000 1.54746 1.64601 1.74521 1.84482 
19350 0.24528 0.30127 0.35967 0.41911 0.47860 0.53738 
.86425 1.74441 1.68371 1.65926 1.65960 1.67837 1.71242 


9000 1.8000 


The inspection of the values of the tangents to this form shows 
that this form is convex at the lower part from the root to above 
the pitch line and then changes to concave near the tip because 
these values decrease until just above the pitch line and then 
start to increase again near the top. 

With the 12-in. grinding wheel and the following values of 6 
we obtain the following coordinates and tangents for the axial 


section: 


5.9000 5.8000 5.7000 5.6000 5.5000 5.4000 5.3000 
1.27778 1.35957 1.44939 1.54446 1.64360 1.74573 1.84999 
) 


0.20844 0.24963 0.30093 0.36008 0.42547 0.49556 0.56908 
2.15929 1.84531 1.66964 1.55613 1.48268 1.43483 1.40430 


The decreasing values of the tangents from root to top show 
that this thread form is convex over its entire profile. 

The coordinates of the two foregoing thread forms are not 
directly comparable because of the different values of y. We 
shall therefore interpolate to obtain values of xz for common 
values of y by dividing the change in the value of y by tan ¢ and 
adding this correction to the value of xz. This interpolation 
will not be absolutely correct, but the error will be very slight 
and the resulting comparisons will be sufficiently accurate for all 
practical purposes. Using the following common values of y, 
we thus obtain the tabulated corrected values of z for these pro- 


files: 
1.24350 1.34350 1.44350 1.54350 1.64350 1.74350 1.84350 


in. milling cutter-——— 
0. 53661 


grinding 
0.19256 0.24092 0.29741 0.35946 0.42540 0.49401 0.56446 


It is apparent from a comparison of these values of z that 
the larger wheel removes more metal from the top and bottom 
of the thread profile than does the smaller cutter, although the 
two forms are of practically the same width near the middle of 
the thread form. Before plotting these profiles we will determine 
the coordinates for the two limiting conditions on either side of 
these examples: first, an involute helicoid which would be 
produced by a wheel of infinite diameter; and second, the form 
produced by a chasing tool of the same included angle and angu- 
lar setting as used for the milling cutter. This last form will be 
a convolute helicoid with the inclination of the generatrix in a 
direction opposite to that of the helix of the thread, and will 
require another series of equations similar to those given in the 
author’s previous paper on worm-wheel contact. 

For the involute helicoid we have the following factors: 


L = 8.625 

a@ = 27° (pressure angle of basic rack) 

B = 41°45’ (angular setting of basic rack) 
cos y = cos a cos 8B = 0.66475 

4 = 48°20’ 


Whence 
L 


= = 1,22145 
27 tan y 


These values used in Equations [20] and [21] from the paper 
on worm-wheel contact give the following: 

1.24350 1.34350 1.44350 1.54350 1.64350 1.74350 1.84350 
0.20836 0.24441 0.29826 0.36281 0.43490 0.51270 0.59495 
4.74589 2.13660 1.66971 1.45545 1.32992 1.24696 1.18799 


|_| 
the 
tan @... The 
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The foregoing values of x have all been corrected by the amount 
of +0.20525 to make them directly commensurate with the 
previous values. 

We shall now consider the equations for a convolute helicoid 
where the inclination of the generatrix is in the opposite direction 
to that of the helix. Using the same notation as that in the 
paper on worm-wheel contact, we have 


L = lead of generatrix 

r = any radius of the helicoidal surface 

y = angle between generatrix and a plane perpendicular to 
the axis of the helicoid 

6 = vectorial angle 

« = angle of rotation of generatrix 

a = radius of cylinder to which generatrix is tangent 

D = distance from axis of helicoid to intersecting plane. 


The equation of the intersection of this helicoid with a plane 
that contains the axis is 


2 2 


+tany V y?—a’..... [46] 


4 iy 
zr = — arctan 
2r 


/ 


Fig. 1 
The equation of the tangent to this intersection curve is 


dy 2ryV y? — a? 
taneé = — = [47] 
dx aL + 2ry? tan 4 
The form of this curve is shown in Fig. 1. 
The equation of the intersection curve of this convolute heli- 
coid with a plane perpendicular to its axis is as follows: 


r? — q? 


tan 
= r? -a? + arctan [48] 


The equation of the tangent to this intersection curve is 


rd@ 2rr? tan y + aL 
tany =— = 49 
dr LV r? — a? 


The form of this intersection curve is shown in Fig. 2. 

The equation of the intersection curve of this convolute heli- 
coid with a plane parallel to the axis and at a distance D from 
the axis is 


ay + DV D? —a’? + 7? 
= — arccos 
2r D? + y? 


+ tan y D? — a? + y?...[50] 


The equation of the tangent to this intersection curve is 


tan ¢@ = [§ 1] 


The form of this intersection curve is shown in Fig. 3. 

The limit of conjugate action on these helicoidal surfaces is 
reached when the tangent to the intersection curve of the heli- 
coid with a plane parallel to its axis is equal to infinity. The 
projection of these points on a plane perpendicular to the axis 
may be plotted by the use of the following equations: 


_ rDtany V (nD tan y)? + tan y + L? 


sin e’ L [52] 
| 
6 
LY 
I 
Fic. 2 


Dsine’ +a xrsine’ +a 


cos cos 


This curve is plotted in Fig. 4. 

When a threading tool is set at an angle and used to chase 
the thread on a lathe, we have the following: 
When 


8 = angular setting of threading tool 
half included angle of threading tool 


am 

A = distance between sharp point of threading tool 
and axis of helicoid 

y = inclination of generatrix 

a = radius of base cylinder 


A tan asin 
a= 
V1 + tan? sin? 8 


27r(D? y?2)V/ D2 a? + 72 
7 + D? — a? + y?) 
| 
| \ / ; 
\ \ > 
\ / / 
{| 
. ig 
\ 
\ oe 
\ 
Fic. 3 
Kel 
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Fie. 4 

1.14350 
0.10172 
1.36584 


tan @ cos 
tan y = — = 


+ tan? asin? 


[56] 


For the form of helicoid produced by a lathe tool of the same 
angle and setting as the milling cutter in the first example, we 
have the following factors: 

L = 8.625 
a = 27° 
B 41°45’ 
A = 1.0135 


From Equation [55] we have 
a = 0.32563 

From Equation [56] we have 
tany = 0.35998 


And from Equations [46] and [47] we obtain the following coor- 
dinates and tangents for the thread profile in the axial section: 


ii 


Fic. 5 Sections oF MILLED AND CHASED Worms 
1.24350 1.34350 
0.17182 0.23690 
1.48692 1.59713 


1.44350 1 
0.29740 
1.69575 


54350 
0.35485 
1.78501 


1.64350 
0.40963 
1.86532 


1.74350 
0.46220 
1.93755 


1.84350 
0.51295 
2.00254 


The foregoing values of z have been corrected by the amount of 
—2.05274 to make them directly commensurate with the pre- 
vious values. 

The forms of all these axial sections are plotted in Fig. 5. 
This layout shows very clearly the nature of the side-cutting 
action of the milling cutter or grinding wheel. The larger the 
diameter of the cutter, the greater this side cutting will be. 

The example shown has a high helix angle. A decrease in the 
helix angle will decrease this side cutting and produce a form 
approaching closer to a straight line. A decrease in the angle of 
the thread, on the other hand, will increase the amount of side 
cutting and thus increase the curvature of the thread form. 

As stated before, this analysis applies to all chased and milled 
threads whether used as worms, for holding purposes, or for 
adjusting purposes. 
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Worm Gears—A Study of Service Data 


‘Progress Report No. 4 of A.S.M.E. Special Research Committee on Worm Gears! 


( yer of the performances of all power-trans- 
mitting devices under varying service conditions are always 
indeterminate to a large extent. We may know the 
average amount of power transmitted, but this is only a small 
part of the whole story. Results in service where the power 
transmitted is steady and continuous will be quite different from 
the results where the load is fluctuating. 

In the case of the following worm drives where the gears lasted 
but a limited time, the causes of failure are far from certain. 
Some may have been caused by compressive fatigue of the 
materials, some from insufficient or improper lubricants, some 
from conditions of design and assembly which permitted ex- 
cessive cutting, ete. 

We shall examine the following drives to see if there is any 
indication of any definite fatigue load factor, starting with the 
drives discussed in Progress Report No. 2.2. We shall use the 
following equation as a basis of comparison: 


K WwW 1] 
DFQC 
where K = fatigue load factor 
W = transmitted tooth load in pounds 
D = pitch diameter of worm gear in inches 
F = projected length of contact in inches 
Q = curvature factor (2 in the following examples), and 
C = velocity factor as suggested in Progress Report 
No. 2. 


Worm Drive AW-1 


(See Progress Report No. P for worm and gear sizes and con- 
tact diagram. ) 


W = 2500 D = 14.3 F = 2.00 C = 0.78 
whence K = 56.4. 


This drive stood up in a laboratory test under the foregoing 
tooth load at a pitch-line speed of the worm gear of 160 ft. per 
min. without showing any appreciable indications of wear. 


Worm Drive AW-2 


(See Progress Report No. 2.) 

! The personnel of the A.S.M.E. Special Research Committee 
on Worm Gears is as follows: 

Earle Buckingham, Chairman, Associate Professor, Engineering 
Standards and Measurement, Massachusetts Institute of Tech- 
nology, Cambridge, Mass. 

George H. Acker, Chief Engineer, Cleveland Worm and Gear 
Co., 3249 East 80th St., Cleveland, Ohio. 

Joseph J. Broshek, Commander, U. 8S. Navy, Fuel Oil Testing 
Plant, Philadelphia, Pa. 

L. Ray Buckendale, Sales Engineer, The Timken-Detroit Axle 
(o., 100-400 Clark Ave., Detroit, Mich. 

David L. Lindquist, Chief Engineer, Otis Elevator Co., 250 11th 
Ave., New York, N. 7. 

A. A. Ross, Engineer, Metal Gear Department, General Electric 
Co., River Works, West Lynn, Mass. 

Benjamin F. Waterman, Designer, Brown & Sharpe Manufacturing 
Co., Providence, R. I. 

W. H. Himes, Mechanical Engineer, Westinghouse Electric & 
Mfg. Co., East Pittsburgh, Pa. 

? Published in MECHANICAL ENGINEERING, vol. 51, no. 3, March, 
1929, p. 210. 
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D = 14.0 F = 2.125 C = 0.78 


whence K = 53.8. 


W = 2500 


This also was a laboratory test at a pitch-line velocity of the 
worm gear of 153 ft. per min. No appreciable signs of distress 
were apparent. 

Worm Drive AW-3 

(See Progress Report No. 2.) 


W = 112 D = 13.3 F = 2.25 (theoretical) = 
1.00 actual 


whence K = 67.7. 


This also was a laboratory test with the pitch-line velocity of 
the gear equal to 662 ft. per min. In this case the alinement 
of the worm and gear was such that only about one inch of the 
width of face showed signs of contact. In other words, the con- 
tact on this drive is probably just about sufficient to carry the 
load else more wear would have been present and a greater 
width of contact would have been apparent. 


Worm Drive AW-4 
(See Progress Report No. 2.) 


W = 764 D = 20.77 F = 0.50 (actual) 


C = 0.59 
whence K = 62.4. 

This drive was discussed in Progress Report No. 2, but a mis- 
take was made in calculating the pitch-line velocity of the 
gear and the tooth load. The pitch-line velocity of the gear 
is 863 ft. per min. After two years’ service, contact was apparent 
over only about */, in. of the face of the gear. This also should 
be close to the limit-load conditions. 


Worm Drive AW-5 
(See Progress Report No. 2.) 


W = 957 D = 10.57 
C = 0.587 


F = 1.00 (probable) 


whence K = 76.6. 


This also was a laboratory test with the pitch-line velocity 
of the gear equal to 957 ft. per min. This drive showed no 
apparent signs of distress. 


Worm Drive AW-6 


Five-thread worm of hardened steel 


3.967 in. pitch diameter 
5.020 in. outside diameter 
2.748 in. root diameter 

14'/,° half-included angle of thread milling cutter 
33° 36’ helix angle 

1.654 in. circular pitch 

8.270 in. lead of worm 

12.000 in. center distance 

38 teeth in bronze worm gear 
20.017 in. pitch diameter 
21.375 in. outside diameter 
3.000 in. face. 


if 
4 
= 
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The contact lines for each pitch advance are shown in Fig. L. 
The projected length of contact is about 3 in. With multiple- 
threaded worms meshing with gears with an incommensurate 
number of teeth, it is probable that contact will exist on one tooth 


The gears on all of these drives showed pitting when examined 
about 2'/, years after their original installation. All of these 
units were replaced after about 3'/, years’ service. 

The normal or average loads on these drives were not sufficient 

to cause failure. The varying load conditions 
r on these sectional drives may have been such 
rad as to build up high momentary loads. Again, 
the design of this worm with a low thread 
angle and a high helix angle, as may be seen 
from Fig. 1, is none too favorable as but 
slightly more than one-half the face of the gear 
can come into theoretical contact. Further- 


SN A WH N 


Fic. 1 Worm Drive AW-6. Contact Lines For Eacu PitcH ADVANCE 


more, a slight displacement of the worm in 
relation to the face of the gear would permit 
excessive cutting. 


Worm Drive AW-7 
Five-thread worm of hardened steel 


3.867 in. pitch diameter 

4.628 in. outside diameter 

2.988 in. root diameter 

14'/,° half-included angle of thread milling 
cutter 

29° 32’ helix angle 

1.375 in. circular pitch 

6.875 in. lead of worm 

12.000 in. center distance 

46 teeth in bronze worm gear 

20.133 in. pitch diameter 


21.375 in. outside diameter 
x 3.000 in. face. 
4 NV AN WY The contact lines for each pitch advance are 
NWA \ E shown in Fig. 2. The projected length of con- 


tact is about 3'/, in., while the probable length 


of contact is about 1.75 in. Three of these 


drives are used on the last three sections of the 
same paper mill that used drive AW-6. In 
these cases we have 


V=458 D=20 F=1.75 C = 0.665 


Fic. 2 Worm Drive AW-7. Contact Lines For Eacu PitcH ADVANCE 


only at a time. In this case the probable length of contact will 
be about 1.75 in. These drives were used as sectional drives of a 
paper mill. In these cases we have when V = pitch-line velocity 
of worm gear in ft. per min.: 


V = 551 D = 20.0 F = 1.75 C = 0.634 
There were six of these drives in service, 24 hours a day, six days 
a week, with the following tooth loads and the corresponding K 


values: 
Drive... Ist 2d 3d 4th 5th 6th 


W, lb... 1080 480 450 420 540 480 
| Ae 24.2 10.9 10.1 9.4 12.1 10.9 


Drive. . Ist 2d 3d 
W, lb... 360 1008 28s 


The gears on the first and second drives 
showed pitting when examined after 2'/, years’ 
service. The third drive showed the worst 
conditions as large chunks came out of it. 
This would indicate excessive cutting. All 
of these drives were replaced after about 
years’ service. 


Worm Drive AW-8 


Triple-thread worm of hardened steel 


2.320 in. pitch diameter 

2.934 in. outside diameter 

1.750 in. root diameter 

14'/,° half-included angle of thread milling cutter 
20° 25’ helix angle 

0.933 in. circular pitch 

2.799 in. lead of worm 

12.000 in. center distance 

73 teeth in bronze worm gear 

21.680 in. pitch diameter 
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22.375 in. outside diameter 
3.000 in. face. 


The contact lines for each pitch advance are shown in Fig. 3. 
The projected length of contact is about 2.25 in., while the 
probable length of contact is about 1.375 in. Seven of these 
drives are used as sectional drives of a paper mill. In these ex- 
amples we have: 


V = 100 to 125 D = 21.68 F = 1.375 
C = 0.833 


Drive Ist 2d 3d 4th Sth 6th # 7th 


W, |b. 5446 2103 1960 1320 1320 1056 1650 
109.8 42.2 39.5 26.5 26.5 21.2 33.3 


After about two years’ service, the worm gear of the first unit 
was worn out and had to be replaced. All other drives appeared 
to be in good condition. Four months after the replacement of 
the gear in the first drive, the replaced gear showed excessive 
wear, particularly at the roots of the teeth. Two and one-half 
years after the original installation, all of the worms were re- 
ported in good condition with the following notes on the gears: 


First drive: gear worn '/s. in. (6 months’ service) 

Second drive: slight wear on gear 

Third drive: gear worn !/,. in. (2!/2 years’ service) 

Fourth drive: gear worn #/3) in. (2'/. years’ service) 

Fifth drive: slight wear on gear (2'/, years’ service) 

Sixth drive: gear pitted (2'/, years’ service) 

Seventh drive: gear in good condition (2'/: years’ service) 
Four years after installation, both the worm 
and gear on the first drive were worn out and 
replaced. It seems very probable that the ex- 
cessive wear on the first drive resulted primarily 
from an excessive load. 


Worm Drive AW-9 


MACHINE-SHOP PRACTICE 
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Third unit: Crack in worm, gear pitted and worn !/, in. 
Great deal of bronze in bottom of case. 

Fourth unit: Worm O. K., gear pitted and worn !/; in. 

Sixth unit; Worm O. K., gear pitted and worn '/s; in. Spare 
unit replaces original one which had 2 teeth broken in gear. 

About three years after the original installation, cooling sys- 
tems were installed and heavier oil was used to replace the original 
600-W lubricant. 


AwW-8 
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Five-thread worm of hardened steel 


4.0343 in. pitch diameter 

4.947 in. outside diameter 

2.973 in. root diameter 

14'/,° half-included angle of thread milling 


cutter 


34° 17’ helix angle 


1.750 in. circular pitch 

8.750 in. lead of worm 
13.4365 in. center distance 

41 teeth in bronze worm gear 


22.8387 in. pitch diameter 
24.000 in. outside diameter 
3.000 in. face. 


The contact lines for each pitch advance are 
shown in Fig. 4. The projected length of con- 
tact is about 2.375 in., while the probable 
length of contact is about 1.75 in. Six of these units are used 
as sectional drives on a paper mill. In these examples we have: 


V = 528 D = 22.84 F = 1.75 C = 0.638 
Drive... Ist 2d 3d 4th 5th 6th 
W, |lb.. 2313 1188 1250 1000 1063 1750 
ee 45.3 23.2 24.4 19.6 20.8 34.3 


About 2'/. years after the original installation, the following 
report was made: 

First unit: Gear worn out with pitted and broken teeth. 
Continued trouble because of drive running hot. 
Second unit: Worm O. K., gear pitted and worn !/\¢ in. 


Fic. 4 Worm Drive AW-9. Contact Lines For Eacun PitcH ADVANCE 


About four years after the original installation, the first, 


third, and sixth units were replaced because of worn gears and 
broken teeth. About six years after the original installation, 
the first and sixth units were replaced again with new units. 


Worm Drive AW-10 
Five-thread worm of hardened steel 


2.931 in. pitch diameter 

3.707 in. outside diameter 

2.035 in. root diameter 

14'/,° half-included angle of thread milling cutter 
41° 25’ helix angle 
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1.625 in. circular pitch 

8.125 in. lead of worm 

10.000 in. center distance 

33 teeth in bronze worm gear 
17.069 in. pitch diameter 
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wear. 
on all seven drives were reported with pitted teeth, and bronze 


flour was reported present in all gear cases. 


A little over two years after the installation of the drives, 


the worm gear in the first drive was replaced because of excessive 


About 2!/2 years after the original installation the gears 


About three years 
after the original installation, all cases were 
equipped with oil-cooling systems and heavier 
oil was used as a lubricant in place of 600-W. 
About this time the spare drive which had 
been used for the first drive was replaced by 


A 


the original one which had been rebuilt. 


Three months later a larger unit was installed 
for the first drive as the original one had been 


3 aN 
fas }- With the exception of the first drive on 
Worm Drive AW-8, the loads in themselves 
hardly seem enough to account for the wear 
Line of Undercut a conditions. Experience tends indicate, 
5 however, that the service conditions on sec- 
/ tional drives on paper mills are from two to 
- = : — three times as severe as the conditions on labo- 

— tL ratory tests. The contact conditions on these 
4 drives are also such that a slight displacement 


of the worms toward the leaving side would 


Worm Drive AW-10. Contact Lines ror Eacu 
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Line of Undercut 


Contac 


Fic. 6 Worm Drive AW-11. 


18.500 in. outside diameter 
2.250 in. face. 

The contact lines for each pitch advance are shown in Fig. 5. 
The projected length of contact is about 2 in., while the probable 
length of contact is about 1.250 in. Seven of these drives are 
used as sectional drives on a paper mill. For these examples 


we have: 
V = 491 D = 17.07 F = 1.25 C = 0.645 
Drive... Ist 2d 3d 6th 7th 
1478 =806 739 672 1210 1747 
53.6 29.3 26.8 14.5 24.3 43.9 63.4 


Pitch ADVANCE 


— 5 
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Contact Lines For Eacu Pitcu ADVANCE 


set up conditions very favorable to cutting as 
the entering tooth of the driven gear comes 
into contact with the worm thread. Also 
with varying and surging loads, any deflec- 
tion of the worm gear rim in an axial direction 
would tend to concentrate the loads at dif- 
ferent points across the face of the gear, 
thus causing pitting under much smaller loads 
than would be required to cause this pitting 
if the tooth had the full possible contact with 
the worm thread. 


Worm Drive AW-11 
Seven-thread worm of hardened steel 


5.393 in. pitch diameter 

5.893 in. outside diameter 

4.815 in. root diameter 

14'/, half-included angle of thread milling 


cutter 


18° 56’ helix angle 
0.8303 in. circular pitch 


oe - 5.812 in. lead of worm 
> f 6.000 in. center distance 


25 teeth in bronze worm gear 
6.607 in. pitch diameter 
7.500 in. outside diameter 
3.000 in. face. 


The contact lines for each pitch advance are 
shown in Fig. 6. The projected length of 
contact is about 5.00 in., while the probable length of contact 
is about 2.25 in. This drive is used as a governor and oil pump 
drive on a steam turbine. In this example we have: 


V = 1744 D= 2.25 
Ww 9.6 


The worm gear showed excessive wear and was replaced twice 
within a very short time. While waiting for a replacement, the 
last gear used was reversed and has been running for about two 
years now without appreciable wear. 

The load conditions here are very similar to those in a labora- 
tory test, and the transmitted load is not great enough to account 
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for the wear. The probabilities are that the original alinement 
of this drive was such that contact was made toward the leaving 
side of the gear face, and this design is such that with contact 
toward this side of the face, excessive cutting is to be expected. 
When the second gear was reversed, this probably threw the 
contact toward the entering side of the gear face and thus avoided 
the cutting. If with continued running, sufficient wear takes 
place to permit contact toward the leaving side of the gear face, 
further cutting will probably occur which will destroy the gear 
in a very short time, particularly when running at the high speed 
involved. 


Worm Drive AW-12. Contact Lines ror Eacu PitcuH 
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Worm Drive AW-12 


Eleven-thread worm of hardened steel 


3.3710 in. pitch diameter 
3.9280 in. outside diameter 


MSP-51-14 


2.7266 in. root diameter 

14'/,° half-included angle of thread milling cutter 
42° 16’ helix angle 

0.875 in. circular pitch 

9.625 in. lead of worm 

6.9774 in. center distance 

38 teeth in bronze worm gear 

10.5838 in. pitch diameter 

11.1407 in. throat diameter 

11.3125 in. outside diameter 

1.930 in. face, 56° included angle of face. 


The contact lines for each pitch advance are shown in Fig. 7. 
The projected length of the contact is about 2.500 in., while the 
probable length of contact is about 1.00 in. This drive is used as 
a governor and pump drive on a steam turbine under similar 
conditions to those of drive AW-11. In this example we have: 


Vo = 2887 D = 10.58 F = 1.00 “hy 
W = 172 K = 15.2 


= 0.532 


This gear shows signs of excessive cutting, which is probably 
due to the design of the worm and the alinement between the 
worm and gear. 

No definite conclusions can be drawn from any of these service 
data. It may indicate however to some degree, the influence 
of the worm design on the wear characteristics. In almost 
every case of the worms shown in this report, the field of contact 
extends but slightly over half the face of the worm gear. This is 
the result of using too low a thread angle with the higher helix 
angles. In order to obtain a field of contact over the entire 
face of the gear, the thread angle must not be appreciably less 
than the helix angle. Possibly all of these drives would have 
been improved if the half of the face of the worm gear on the 
leaving side were removed entirely. Any contact here will tend 
to cause cutting, and the flakes of material thus set free in the 
lubricant may have been more responsible for the excessive wear 
than any other factor. 
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Internal Grinding of Small and 
Medium Sized Holes 


By CARROLL R. ALDEN,! DETROIT, MICH. 


Details are given of bearing and spindle design valuable to those 
confronted with problems of high speed. Extraordinary accuracy 
and very high speeds are required in grinding very small holes. 
The general principles in the choice of grinder-spindle equipment are 
detailed. 


N opening this paper it has been thought best to start with 

some of the oldest and best-known fundamentals of the 

grinding science. Grinding wheels are made up of abrasive 
grains carefully graded as to size; these grains are held together 
with a bonding material, which may be vitreous or, as in the 
case of some of the softer bonds, of shellac, bakelite, rubber, 
The grit of a grinding wheel refers to the abrasive material 
used. The grain refers to the degree of fineness to which the 
particles of abrasive grit are 
sized. The grade of a grind- 
ing wheel refers to the tenacity 
with which the abrasive par- 
ticles are bonded together. <A 50,000 + 


etc. 


Minute 


work. The action is one with which any one who has attempted 
to grind a piece of brass with an ordinary grinding wheel will be 
very familiar. 

The theoretically perfect wheel is coarse enough to remove 
the stock with sufficient rapidity, fine enough to eliminate un- 
desirable scratches, soft enough and driven at a proper speed to 
allow the dulled grains to be dislodged due to the increased 
forces incident to their own dullness, hard enough to prevent 
over-rapid breaking down or wearing away of the wheel. 

Referring again to standard peripheral wheel speeds for small 
and medium internal work, at first glance, it would seem that 
wheels of 1 in. diameter should run at about 20,000 r.p.m.; of 
1/, in., 40,000; in., 80,000; in., 160,000; and in., 
320,000—which would seem to make it impossible to grind in- 


harder bond is one which holds a de 
the grains more tenaciously, a 45.00 
while a softer bond allows the © 4000 
wheel to “break down" more 
readily, releasing the dulled ++ 
grains. 2 

However, the performance 59,000>— 
of a given grinding wheel on ae | . 
a given job will change ~~ — Pra 
markedly under changed con- 20000}+—+—- 
ditions, and is notably sensi- 
tive to changes in peripheral “ 5,000}-—-+ 
speeds. Grinding-wheel periph- 
eral speeds are usually speci- S er ] 
fied at approximately one mile 2 E00 | | 
per minute. This is usually S 
found satisfactory for external 0 
and internal grinding in the 
larger hole sizes. Faster wheel Diamet 
speeds cause harder action of Fig. 1 


the wheel. Slower wheel speeds 
cause softer action of the 
wheel. Wheels that are too 
soft or driven too slowly break 
down too rapidly. Wheels that are too hard or driven too fast 
burn the work or cause the wheel to load, or both. 

By loading of the wheel is meant the filling of the spaces be- 
tween the abrasive grains with the material removed from the 
work. The loading of course prevents sharp edges of the abra- 
sive grains from coming in contact with the work, and therefore 
stops the free cutting action of the wheel and results in the 
generation of considerable heat at the point of contact with the 


! Chief Engineer, Ex-Cell-O Tool & Mfg. Co. Mem. A.S.M.E. 

Presented at a meeting of the Detroit Local Section, Detroit, 
Mich., December 12, 1928, of THe AMERICAN Society oF MECHAN- 
ICAL ENGINEERS. 

Nore: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 


er 


(This curve shows a reasonable wheel speed for internal grinding. 
the wheels, or both, may have to be varied in individual cases to get the ideal results. 
of speeds and wheels depends upon rigidity of spindle bearings; speed of the work head; 
of grinding-wheel projection; arc of the grinding wheel in contact with the work; weight, rigidity, and condition 
of the grinding machine; kind of material being ground; presence or absence of a coolant; kind of coolant used.) 
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APPROXIMATE SPEEDS FoR Hotes or VARIOUS DIAMETERS 


Either the speed or the grain and grade of 
In general, the final choice 
length and diameter 


ternally much less than '/2 in. diameter due to the mechanical 
difficulties in obtaining sufficient rotational speed. 

Fortunately, practical conditions rescue the process from these 
estimated dictates of theory. As holes become smaller, the 
diameter of the wheel more nearly approaches the diameter of 
the hole being ground. Experience shows that the closer the 
radius of the grinding wheel approaches the radius of the work, 
the greater is the tendency of the wheel to “load”’ or to fail to 
break down rapidly enough to present clean, sharp grains. In 
other words, under these circumstances wheels act as though 
harder than before. This is due to the longer period of contact 
between each individual grain of abrasive and the work, which 
offers less opportunity for the chips or cuttings of the grains to be 
cleared away, thus resulting in filling of the interstices between the 
grains. If the former theoretical values are adhered to in small- 
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hole grinding, wheels first load, then burn the work, both of which 
call for either decreased hardness of wheel or decreased speed. 
Decreased speed, being the more convenient, is the usual answer. 

As hole sizes become much smaller than '/2 in., a drop in 
speed below the foregoing purely theoretical tabulated value 
becomes a necessity, as commercial production machines operat- 
ing much above 50,000 r.p.m. to date are a practical impossi- 
bility. 

Fig. 1 shows approximate speeds in revolutions per minute 
for holes of various diameters. 

However, the entire story is not told by the grain and 
grade of the wheel used. Excellence of grinding finish and 
economy of grinding-wheel consumption impose much more 
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difficult requirements upon grinder spindle bearings than the 
mere ability to stand up under high rotative speeds. Excellence 
of grinding finish requires: 


(1) Freedom from burned work 

(2) Freedom from chatter 

(3) Freedom from scratches (wheel marks or individual 
grain marks). 


For some classes of work freedom from burned marks (which 
may be only a very slight discoloration of the finish) is only a 
matter of appearance, while for other work the slightest evidence 
of this fault is prohibitive as for instance in aircraft parts de- 
signed for minimum weight (highest safe unit stresses). Burned 
work results in checks invisible to the naked eye or the glass, 
unless the part is first etched with acid: nevertheless, progress of 
grinding checks can cause failures. 

On certain other classes of work any slight burning is not per- 
missible, as it results in a surface annealing or softening of the 
outer layer of the material, which is objectionable. This is 
especially true of ball bearings. 

Burned work is almost sure to be imperfect in other respects, 


as the burning occurs principally on account of glazing or loading 
of the wheel, requiring great pressure of the wheel against the 
work, which generates much heat and is likely to result in out-of- 
roundness in the holes thus ground, either through unequal 
thermal expansion or springing of the spindle shaft to follow 
irregularities existing in the hole before the grinding was started. 

Freedom from chatter requires bearings rigidly tight against 
radial shake or end play. 

Freedom from individual grain scratches usually requires a 
wheel of finer grain, which must also of necessity be softer to 
prevent loading, and the softer wheel in turn requires bearings 
even more rigidly tight against end play or radical shake, for 
the slightest looseness or vibration will allow the wheel grains to 
be pounded loose before the grains have become dulled. 

Each abrasive grain on the surface of the wheel must be 
considered as a very sharp and extremely fragile tooth of a mill- 
ing cutter. If this milling cutter, or in other words, the grinding 
wheel, is allowed to chatter or vibrate against the work, the 
teeth will be broken off. However, if no vibration is permitted, 
the teeth will then perform their cutting function as they should 
without being broken off, until they have become so dull that 
the increased forces required to drag them across the work auto- 
matically breaks loose the dulled grains, presenting new and 
sharp grains or teeth which are ready to proceed with the work 
where the dulled grains left off. 

Freedom from burned work frequently depends on rigidly tight 
bearings. A commonly attempted remedy for loose or shaky 
bearings is the selection of a harder wheel or one which will not 
break down so rapidly. This incorrect remedy always results 
in either chatter or wheel loading and its resultant burned work, 
or more frequently both chattered and burned work. This 
condition is also a fruitful cause of out-of-round holes, as the 
harder wheel will tend to glaze, and the loose spindle bearings 
will permit the wheel to follow the imperfections which existed 
in the work before grinding. Or, conversely stated, rigid spindle 
bearings permit the choice of softer or coarser wheels, or both, 
without impairment of the finish obtained and without increasing 
the wheel wear. More crowding of the work is also permitted 
without causing too rapid breaking down of the wheels due to 
chatter or pounding of the wheels against the work. 

The first solution to the grinding-spindle problem was sought 
through a hardened and ground or lapped stee! shaft or spindle 
working in tapered bronze or hardened and lapped steel bearings, 
as shown in Fig. 2. The use of this type for continuous-pro- 
duction grinding is rapidly decreasing, for the clearance between 
rotating parts must be maintained by a film of oil which is of 
necessity elastic. If the bearings are too loose, the elastic oil 
film permits chatter and rapid wheel break down. If the bear- 
ings are too tight, the oil film is destroyed, and overheating 
and seizing of the bearings are likely to result. This makes it 
necessary for the spindle to be overhauled and the bearings re- 
conditioned. One of the most objectionable features of such a 
design is the fact that expansion and contraction of the spindle 
body and shaft due to temperature changes occurring in opera- 
tion may change the tightness of the bearings from correct 
to too tight or too loose. Spindles of this type therefore have 
serious disadvantages. 

With the development of the well-known standard designs of 
annular ball bearings, as shown in Fig. 3, and their ever-widening 
application in the automotive, electric-motor, and many other 
fields, came the problem of designing bearings of this type into 
internal grinder spindles. To investigate the weakness of such a 
design for the particular purpose in mind, consider the amount 
of end play that may be expected in an ordinary annular, 
single-row ball bearing using balls of 5/,.5 in. diameter, the inner 
and outer ball races being ground to a radius of 51 to 52 per cent 
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of the diameter of the ball. In this case consider the radius 
of both inner and outer races to be 51'/, per cent of the 
diameter of the ball. By a simple mathematical calculation it is 
found that the amount of end play which may be expected with 
varying degrees of radial looseness is as follows: 

If we have a bearing of 0.0001 in. radial looseness, an end play 
of 0.0055 in. may be expected without any elastic deformation 
whatever. Also if the radial looseness should be 0.0002 in., 
a total end play of 0.008 in. may be expected without any elastic 
deformation. In the manufacture of annular bearings of this 
design it will hardly be claimed that it is possible to hold the 
accumulated error due to varying diameters of the inner race, 
outer race, and balls within limits closer than the two cases 
assumed. 

The type of spindle design shown in Fig. 3 is therefore very 
seldom encountered, for it will be seen that only one bearing 
can take the thrust load, as the other bearings must be permitted 
to float in their housing, to prevent temperature’ strains and 
unavoidable inaccuracies in machining the housing and shaft 
from throwing an excessive thrust load on the bearings when all 
locking nuts are drawn tight. It is also obvious that a bearing 
of this type will certainly have radial shake if it has end play. 
At this point it should be mentioned that cup- and cone-type 
bearings adjustable and locked with a nut, as in Fig. 4, seem to 
have been unsatisfactory on account of inability to make and 
maintain sufficiently close adjustment. 

Referring again to the use of annular bearings as shown in Fig. 
3, it is found that the internal grinder spindles which have most 
successfully used this type of bearing have accomplished their 
results through using two such bearings in opposition, throwing 
an initial thrust load on each in opposite directions, and thus 
eliminating the end play and consequently the radial play from 
either. Such a design is shown in Fig. 5. 

In this design it is seen that the two outer races are clamped 
firmly together as are the inner races, except for a spacer between 
them, the thickness of which determines the amount of initial 
end-thrust load thrown on each bearing. 

From the previous discussion, it is seen that in the assembly of 
such bearings into a grinder spindle the thickness of the spacer 
required to eliminate the end play, and therefore the radial 
looseness, may vary from 0.005 to 0.008 in. Of course, if the 
radial looseness varies through wider limits than those just 
assumed, the thickness of the spacer must also vary through 
wider limits. 

If these bearings are furnished to the spindle manufacturer 
or the machine-repair man without definite knowledge as to the 
exact amount of end play in each, it therefore becomes more or 
less a cut-and-try proposition to find a spacer of the exact thick- 
ness required. If the spacer is too thick, the life of the bearings 
is unnecessarily reduced, often resulting in almost immediate 
failure. If the spacer is too thin, all of the end play and all of 
the radial looseness or shake will not have been eliminated. 
From the nature of the case, under ordinary machine repair 
conditions the exact spacer thickness desired will vary slightly 
with each pair of bearings used and is not easily determined by 
measurement. This defect in ordinary annular ball bearings, as 
far as this particular application is concerned, is fundamental. 

Other designs have sought to replace a rigid spacer with a 
spring, usually pressing against one of the outer races in an axial 
direction, and serving the same purpose of eliminating the end 
play, but when assuming the same conditions of radial looseness 
mentioned before, it is found the tangent to the point of race 
contact on the ball in the case of 0.0001-in. radial looseness is 
about 1 deg., 1 min., and in the case of 0.0002-in. radial looseness 
is about 1 deg., 27 min. These angles are so small that a spring 
sufficiently strong to insure positive action is likely to result in a 
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wedging effect, bruising balls and races through too high contact 
pressure, which results in early failure. 

It seems logical that the solution of grinder spindle-bearing 
problems which differ so widely from the requirements of or- 
dinary commercial applications should be attempted with 
special-bearing designs. This doubtless would have been done 
by the manufacturers already specializing in ball bearings but 
for the fact that even now the total number of ball bearings finding 
application in internal grinder spindles is so small that the com- 
mercial possibilities of a special grinder-spindle bearing are dis- 
tinctly limited. With the prospect of considerable experimental 
and development expense, special design and separate manu- 
facturing processes, separate stocks to be carried, and the possi- 
bility of considerable “grief’’ in service, it is little wonder that the 
large makers of ball bearings have preferred to furnish bearings 
of their standard designs for spindle service. 

By analysis of the requirements, one may see what features 
should be incorporated in a bearing specially designed for high- 
speed precision service. The bearing should be a self-contained 
unit eliminating end play and radial shake without necessity for 
spacers, adjustments, fitting, or other similar operations on the 
part of the user. 

The bearing should be adjustable by the maker, who should 
have accurate and complete control of the degree of tightness in 
fitting, knowing definitely that the bearing is tight enough to 
prevent chatter,and loose enough to prevent bruising and fatigue 
of the races. 

The bearing to be suitable for operation at high speeds should 
have rather narrow areas of contact between the races and the 
balls, thus avoiding unnecessary heating. In one such bear- 
ing the contacts between the inner race and the balls are radii of 
circles 75 per cent of the diameter of the balls. The outer races 
may be brought together by grinding or lapping their contact 
faces, insuring minute control over the accuracy of fitting and 
permitting the looseness to be definitely measured in a suitable 
fixture. 

The material for the ball retainer should be as light as possible, 
giving rise to the minimum of dynamic unbalance at high speeds, 
and should further be of such a nature that in the presence of a 
proper lubricant it will take a polish which reduces wear to a 
negligible minimum and insures that such particles as are dis- 
lodged by wear are non-abrasive in character. A fabric-base 
bakelite material meets the requirements. 

When all is said it must be admitted, however, that the 
design of any ball bearing is decidedly secondary to the precision 
with which it is fitted. For grinder-spindle service this pre- 
cision goes beyond the limits of accuracy obtainable by known 
methods of gaging, and the following final developing operation 
is added. 

The bearing is first marked on outer and inner races so the 
given end of the inner race can always be assembled mated, with 
a given one of the outer races. Pairing marks are then added so 
that the outer races may be assembled always in the same rela- 
tion. Now starting with a bearing so marked and fitted to a 
degree of tightness which would bruise the balls and races if the 
outer races were drawn into mechanical contact, the bearing is 
rotated under conditions which cause the balls to develop an 
area of contact on outer and inner races, correcting any imper- 
fections in the races or lack of uniformity in size or roundness 
of the balls. 

The outer races having been brought together during the proc- 
ess so they are at last in firm mechanical contact, when the 
degree of tightness which is subject to definite indication through- 
out the operation has reached the desired standard, the develop- 
ing operation is stopped. This leaves balls and races with an 
extremely accurate fit and a mirror finish. Fig. 6 shows a 
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photomicrograph of a portion of an outer race so developed. 
This is magnified 35 times actual size. There is a contrast in 
smoothness between the developed ball track and the other 
surface which looks very scratchy. In reality this scratchy 
looking surface is a commercially smooth grinding job. The 
Alden developing process just described is patented. 

As shown earlier when discussing the design of the ordinary 
single-row annular ball bearing, the amount of end play to be 
expected from a given radial looseness is considerably greater 
than the amount of the radial looseness. This is also true of 
the bearing under discussion, though to a much lesser extent, 
as the angle of the outer race with the shaft axis being 22 degrees, 
the radial play will be approximately four-tenths of the end 
play. When it is considered that the foregoing developing proc- 
ess gives accurate control over the amount of this end play, 
which may be held at 0.0001, 0.0002, 0.0003 in., or any other 
figure demanded by the requirements for which the particular 
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bearing is to be used, it is seen that the radial play may be held 
to very close limits indeed. 

Such a bearing, of course, involves a cost of manufacture which 
would prohibit its use for ordinary applications even if the 
narrow areas of contact between balls and races would permit 
the bearing to carry the heavier loads that would be imposed 
upon it by some classes of service. 

This bearing is therefore no better suited for general purpose 
applications than ordinary annular ball bearings are suited for 
applications where extraordinary precision or speed is required, 
and the two elasses of bearings are not competitive in any sense 
of the term. 

Bearings of shaft sizes from 1°/, in. down to */s in. are rated 
for speeds of from 10,000 up to 65,000 r.p.m., respectively. 
Grinding spindles of the conventional belt-driven designs incor- 
porating these bearings are built for application to all makes of 
internal grinders. Speeds up to 25,000 r.p.m. may economically 
be accomplished by belt drive, and above this value air-turbine 
drive is usually resorted to. 

QOne outstanding accomplishment made possible through the 
application of high-speed precision bearings is the internal grind- 
ing of the holes down to '/,. in. diameter. The former practice 
has been to lap holes of less than '/, in. diameter. 

For this purpose a small high-speed air-turbine-driven spindle 
operating at 65,000 r.p.m. is used having its shaft supported in 
XLO precision bearings, the turbine element consisting of a 
single-stage impulse wheel operated from a compressed air line 


at 80 to 125 Ib. pressure. The air consumption at this speed 
varies from 7'/, to 10 ¢.f.m. 

Other interesting features of the design are the use of the 
expanded and cooled exhaust air to carry away any heat gener- 
ated in the bearings without allowing the air stream to come into 
direct contact with the bearings in such a manner as to re- 
move the film of lubrication, and the use of the same stream 
of exhaust air to prevent the entrance of abrasive dust to the 
bearing housings. Even with the existence of a suitable spindle, 
the grinding of such small holes would have been an impossibility 
without suitable grinding wheels developed for the purpose. 
Such wheels are called mounted points. 

The abrasive tip is cemented on a steel shank, which for grind- 
ing holes !/,;5 in. in diameter must be substantially less than the 
diameter of the abrasing tips, which in turn must be substantially 
less in diameter than the hole to be ground. 

That such grinding wheels are extremely fragile and require of 
the spindle “bearings the utmost freedom from vibrations or 
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chatter goes without saying. However, the author’s company, 
a large producer of drill-jig bushings, finds it much more economi- 
cal to grind holes down to '/,s in. than to produce them by the 
slower and less accurate method of lapping. 

There probably is no production operation, the success of which 
is subject to as many variable factors as internal grinding. The 
effect of each of these individual factors apparently is often 
unknown even to mechanics who have done a great deal of this 
work. 

It is true that the grinding of almost any part can be accom- 
plished by any mechanic who will take sufficient time to worry 
the work through. However, in the present instance the author 
is not referring to the successful production of a single piece of 
work as might be expected in the tool room; reference is now 
made to the economical grinding of a large number of pieces on 
a mass-production basis. 

While the amount of time will not permit many of these factors 
to be discussed, there are a few general principles in the choice 
of grinder-spindle equipment which may well be touched upon in 
this paper. 

For continuous production work spindles of. the solid pro- 
jection type (sometimes called naked projection) should be 
used. These are called solid projection because the grinding 
wheel is mounted on a solid or integral projection of the spindle 
shaft. (See Fig. 7.) 

The term solid projection in this case is used in contrast to 
the removable quill type. This refers to that type of spindle 
in which the spindle is fitted with an internal taper into which 
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may be fastened any number of removable or interchangeable 
projections of suitable diameters and lengths for the given 
spindle. (See Fig. 8.) 

It is obvious that the solid projection type should be the more 
rigid of the two. However, the making of the grinding-wheel 
projection integral with the spindle shaft is not alone sufficient 
to insure maximum rigidity unless care is taken to make the 
projection of the largest diameter and shortest length possible to 
be chosen for the given grinding task to be done. This con- 
dition of course applies to the choice of removable quills as well 
as to the choice of solid projections. 

To make this choice the diameter and the length of the hole 
to be ground must first be considered. The length of the shaft 
projection can easily be determined. At times this may be even 
less than the depth of the hole to be ground as it is not necessary 
for more than one-half of the grinding wheel to project through 
the inner edge of the hole when the spindle is in its innermost 
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SLEEVE OF SPINDLE 
position. The choice of the diameter of the grinding-wheel 
projection must be made with reference to the diameter of the 
hole to be ground. 

As indicated earlier, the speed rating of bearings vary con- 
siderably with the shaft diameter, the smaller the shaft diameter 
the greater the maximum speed rating. The general rule for 
the choice of spindle bearings is to choose the bearing size having 
the largest shaft diameter that will allow a speed in revolutions 
per minute reasonably close to the value shown on the chart, 
Fig. 1, for the particular hole to be ground. 

Consideration must next be given to the amount of wheel 
wear desired. That is, the wheel when new cannot be larger in 


diameter than the hole to be ground, and the wheel when dis- 
carded must still be somewhat larger than the diameter of the 
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grinding-wheel projection. It is obvious that the most rigid 
grinding-wheel projection requires the largest possible shaft 
diameter which might at times leave no margin whatever for 
wheel wear. Some rigidity must therefore always be sacrificed 
in order to allow a reasonable amount of wheel wear, but too 
much of a sacrifice in diameter of the grinding-wheel projection 
will definitely slow up production. It is frequently wise to 
allow less for wheel wear, especially for deep-hole grinding, than 
might be desired, and plan to use the discarded wheels on other 
operations. 

Thus a wheel of 2 in. diameter with '/: in. bore might be used 
for grinding a 2-in. hole with allowance of !/2 in. reduction in 
diameter, due to wheel wear. This would permit a grinding- 
wheel projection diameter of just under 1'/, in. The discarded 
wheel 1!/, in. diameter could next be used for grinding a 1'/2-in. 
hole, allowing */s in. reduction in diameter for wheel wear, which 
would permit a wheel projection diameter of 1'/, in. for grinding 
the 1'/. in. hole. The same wheel might be used for grinding 
holes of 11/s in. or dressed down for use in holes of 1 in. diameter, 
allowing a reduction in diameter to */,in. However, the mistake 


of trying to obtain the entire wear of the wheel from 2 
3 


In. to 
‘, in. in grinding the 2-in. hole is frequently made, with the 
result that not only is the rigidity of the grinding-wheel projection 
destroyed but if the spindle is continued to be driven at the 
same speed the reduction in peripheral velocity is cut 62!/, 
per cent by virtue of the reduction in wheel diameter, which 
would be sufficient to destroy the efficiency of the grinding opera- 
tion from this cause alone. 

For the grinding of deeper holes, spindles of the sleeve type 
(as shown in Fig. 9) are sometimes used. In such eases it is 
necessary that the diameter of the hole be great enough to permit 
the outside diameter of the grinder-spindle bearing plus its hous- 
ing to enter the hole and still leave a sufficient allowance for 
wheel wear. In the case of deep holes of small diameters, so that a 
ball bearing could not be used at the outer end of the sleeve-type 
spindle, it is sometimes necessary to substitute a bronze bushing. 
Much of the grinding in the field of pneumatic tools involves the 
use of deep-hole spindles of this type, some of which are capable 
of internally grinding holes of 1 in. diameter up to 13 in. depth. 
It is needless to say, however, that special care is required in 
both the manufacture and use of such spindles, with a correspond- 
ing decrease in the rate of producing work* requiring their use. 
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Diamonds as Metal-Cutting Tools 


By C. L. BAUSCH,' ROCHESTER, N. Y. 


In this paper the author recites the history of the use of diamond 
tools in the plant of the Bausch & Lomb Optical Co., which he be- 
lieves to be quite representative of the use of diamonds in general. 
Diamonds were first used in the turning of materials which were 
too hard for steel tools. Their next use was in obtaining high 
finishes on non-ferrous metals, and this was followed by their use 
on work requiring extreme accuracy. In all cases, high speed 
was obtainable, although heavy cuts have never been possible with 
diamond tools. Data are given regarding the proper selection and 
setting of diamonds in relation to the cleavage plane of the material, 
as well as on cutting speeds and feeds, life of diamond tools, limita- 
tions due to vibration, etc. 


of carbon and the hardest substance known. The author 

was once told that tantalum or some alloy of tantalum 
was as hard, but he does not believe this to be universally con- 
ceded, nor, if it were, would it have much bearing on the subject 
matter, as it is quite certain that tantalum has never been used as 
a cutting tool or been put to the other industrial uses that the 
diamond has. 

Diamonds are usually found in nature as single crystals, but 
they also occur as a conglomeration of tiny crystals, in which 
form they are employed to a certain extent in industry. These 
crystals are called ‘‘black diamonds’’ and “‘carbonados,” and 
sometimes incorrectly “bort.” Bort, however, is the proper 
name for discolored and faulty single-crystal diamonds not suit- 
able for jewels, and it is this form of diamond with which this 
paper will deal. These crystals belong to the cubic system, gen- 
erally assuming the form of an octahedron or a form symmetri- 
cally derived therefrom. 


, 5S PROBABLY all know, the diamond is a crystalline form 


INpustTrRIAL Uses oF DIAMONDS 


In looking into the history of the diamond and its industrial 
uses, the first mention the author has been able to find is in regard 
to its use in powdered form on a lap in 1476 for faceting jewels. 
For centuries apparently no further use of them was made, but in 
recent years they have become quite indispensable in industry 
for cutting and drilling glass, porcelain, and other hard materials 
and for the making of draw dies for fine, very accurately sized 
wires. They also find use as very fine graduating tools, and of 
late have been employed for turning and boring tools. The first 
use of diamonds for this purpose, the author believes, was by 
European instrument makers who used them for turning the 
taper on transit centers. 

The practice which will be outlined in the following paragraphs 
is that developed in the plant of the Bausch & Lomb Optical Co.; 
and the author’s study of recent literature on the subject leads 
him to believe that this is quite representative of the development 
in industry at large. 


Wuere Diamonp Toots ARE EspeciaLtty 


Diamonds are used generally where the material to be machined 
is too hard for a steel tool or where greater accuracy or better 


1 Manager, Research and Engineering, Bausch & Lomb Optical 
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finish is wanted than can be obtained when using steel tools. 
To make a good diamond tool for such purposes, a careful se- 
lection of bort is necessary, and then a very careful positioning of 
the diamond in its holder so that a cleavage plane will be parallel 
to the top surface of the tool. The cleavage planes in good crys- 
tals are very pronounced and are parallel to the faces of the 
crystal. In stones less well defined it is necessary for the dia- 
mond grinder to shift the stone around until he finds the grain 
by the ease with which the grinding is accomplished. 

In the past some have made a practice of electroplating the 
diamond and then soldering it to the holder, but the best practice 
now seems to be to set and braze it into a steel holder. The 
end of the holder is bored to fit the diamond and is then slit 
with a number of saw slots as shown in Fig. 1; the diamond is 
then inserted in the hole and the tongues formed by the slots 
are pressed down to hold the stone, after which it is finally 
brazed into place. 


Diamonp Toots ror VARIOUS PURPOSES 


Diamonds can be ground into almost any shape for special 
forming jobs, but for straight turning and boring a fairly well 
standardized form has been adopted. Fig. 1 shows this form, 


STanDARD Form oF D1amMonp For TURNING 
AND BorinG 


Fic. 1 


which has been found to give very good results. For turning 
tools, the angle A is made 45 deg. and angle B, 2 deg. The face 
clearance of A is about 10 deg., and of B, about 2 deg. This 
clearance angle of B varies somewhat with the type of work that 
the tool is supposed to do. On very hard material it may be 
made as great as 5 deg. For boring tools it is made 5 to 8 deg., 
depending upon the size of hole to be bored. In general, it is 
kept as small as possible and still have clearance. No lip angle 
is ever given to the top of the tool. 

Facing tools require more clearance than turning tools, but less 
than boring tools. Good practice is about 3 to 4 deg. 

Figs. 2-7 show diamond tools of several types. Fig. 2 shows 
a top view and Fig. 3 a perspective view of a special-form radius 
tool. Figs. 4-7 show respectively top and perspective views of a 
regular turning tool, a combined turning and facing tool, a 
regular boring tool, and a combination boring and facing tool. 
It will be noted that a secondary clearance is shown on some 
of these tools—put on with the idea of clearing the heel of the 
tool. 

The turning tool when used is tilted around so that the angle 
B becomes smaller where coarse feeds are used or when a specially 
brilliant surface is wanted on the work. When setting the tool 
for the latter purpose it must be kept in mind that this sort of 
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Fic. 2 Top View oF Speciat-Form Rapivus Too. 
Fig. Perspective View oF Spectat-Form Rapius Toot SHown 
IN Fic: 2 


Fic. 4 Top anp Perspective Views oF REGULAR TURNING ToOoL 


finish requires really a burnishing operation after the cut is taken. 
The angle B is sometimes practically reduced to zero and the tool 
set above center so that the clearance face of the angle B becomes 
tangent to the work being turned. To further enhance this 
burnishing effect for very high polish, the tool is rotated so that 
the edge of the tool away from the cutting edge is higher than the 
other edge, as shown in Fig. 8, which is a front view looking at the 
work through the tool. This angle of tilt C may be as high as 
45 deg. for turning very soft metals. It is obvious that this prac- 
tice cannot be followed in boring. 


VIBRATION THE LimITING Factor IN DIAMOND TURNING 


In attempting to tabulate results of his experiments in finding 
maximum possible surface speeds and feeds, the author was 
forcibly impressed by the fact that the surface has not yet been 
scratched, so to speak, in this direction. The main limiting fac- 
tor seems to be that of vibration. The diamond will stand any 
temperature as long as it is cutting freely and there is no vibra- 
tion. Several machine-tool builders have awakened to this fact 
and are building special machines for diamond boring and turning. 
Big, generous bearings are needed, or rugged ball-bearing con- 
struction. For turning work between centers, the author’s 
company has found dead-center lathes with a spring pressure on 
the tail center very satisfactory. This is not practical of course 


on heavy work, but is difficult to better on work up to about 4 in. 
in diameter and 6 to 8 in. long. Where this practice cannot be 
followed or where ball-bearing spindles cannot be used, the ma- 
chine must have well-fitted bearings and should be run in to 
normal operating temperature before really accurate work can 
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be done. By taking these precautions it has been found possible 
to finish hard cast-bronze periscope heads 12 in. in diameter and 
about 30 in. long to within 0.0002 in. over their entire length. 
This job required two cuts, one on the rough casting and one 
finishing, running at 210 r.p.m. with a feed of 0.007 in. per revolu- 
tion. A clearance angle of 5 deg. was used on the tool. The 
same tool was used on both the roughing and finishing cuts. In 
this case a higher speed and finer feed would have been better, but 
no machine was available to give these more ideal conditions. 


hie. Tivtine or To Ostain BuRNISHING ErFecT 

If everything is rigid, cuts can be taken over depressions and 
holes, over which the tool must jump, without appreciably affect- 
ing accuracy. 


SPEEDS AND FreEeps EMPLOYED 


With the equipment regularly in use, surface speeds of 1000 ft. 
per min. are possible and feeds from 0.001 in. to 0.003 in. per 
revolution, with a depth of cut of from 0.015 in. to 0.025 in. on 
roughing cuts and 0.004 in. to 0.010 in. on finishing cuts. The 
author has found surface speeds of anywhere from 200 to 1000 ft. 
per min. being used, with no indication that the 1000-ft. speed 
shortened the life of the tool in the slightest degree. 

The speed of turning is practically independent of the material 
being turned, the company having turned everything from soft 
babbitt to hard bronze that a steel tool would hardly touch, at 
substantially the same speed provided vibrations did not occur. 
With proper machine design and careful technique in the setting 
of the tool, wonderful results can be accomplished: Turning and 
boring accuracy to within 0.0001 in. is obtainable, and beautiful 
mirror-like finishes can be obtained which must be seen to be 
appreciated. Costs can be reduced greatly as it is possible to 
turn thousands of pieces with one setting of the tool—15,000 
pieces in one case the author has a record of. This means the 
elimination of the frequent regrinding and resetting of the tool, 
a possible easing up on inspection, fewer rejections and securing 
at the same time more accurate work, a beautifully finished prod- 
uct, and the elimination of polishing costs which in some cases is 
a big factor. Work coming off the diamond turning lathes, if 
carefully handled, can go directly into the lacquering department. 

Although the author has no definite data at hand, he can state 
that many of those who are using diamond tools on bearing metals 
feel that more satisfactory bearing surfaces are obtained than 
with other finishing methods. 


Diamonp Toous Userut IN MacuINiInG THIN, 
Parts 


The use of diamond tools lends itself very successfully to the 
finishing of thin, flat parts that are ordinarily difficult to clamp 
without distortion. Using a diamond which has no lip angle and 


hence no lifting component, it is possible to machine parts of this 
kind by clamping them very lightly against the edges. 
Lubrication is not helpful in diamond machining except as a pro- 
tection of the surface against tarnishing. There may be excep- 
tions to this in working certain materials, but not within the 
The author understands that lubricants 


company’s experience. 
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have been used in working tough copper, but he has done this 
satisfactorily without their use. 

It was originally the author’s intention to tabulate definite data 
as to the proper angles of tools and the exact setting for different 
materials, but he finally decided that there were too many vari- 
ables to make this practicable at this time. These variables are: 
hardness of the diamond, direction of the cleavage planes, shape 
of the tool, clearance angles, setting of the tool for height and 
angle, speed of work, depth of cut, feed, and physical character- 
istics of the material being machined, which latter, as is generally 
known, vary considerably even in supposedly similar material. 

Notwithstanding this, it is now possible with standard-shape 
tools to train set-up men and operators in a short time to success- 
fully use diamond tools. 


Discussion 


WixFieL_p 8. Huson.?. This paper, so far as I know, is the 
first on diamond tools that has come before the Society in such 
fullness of detail, and it explains in a measure the why of the 
increasing use of the diamond as a finishing tool. The paper 
could not have come from a better source than the author, who 
is so well qualified by investigation and experience to give us 
such informative data. 

There is in the paper a repercussion of the problem of getting 
rid of vibration set up by the cutting tool. When it is realized 
that the cumulative pressure set up in a machine tool by the cut 
is approximately twice the tensile strength of the material, 
the author’s point is well taken that “the limiting factor seems 
to be that of vibration,’ for this vibration concentrating on a 
tool creates a great strain, chatter, and possibly fracture, whereas 
if the vibration could be soaked up in the machine tool proper, 
the diamond tool would be still more efficient. 

This applies as well to cutting tools of the tungsten-carbide— 
cobalt class, which closely approach the diamond in hardness 
and ability to produce work; for speaking of this type of tool, 
familiarly referred to as Carboloy, there is that same feature— 
that if there were greater rigidity, there would be better and 
greater output. While Carboloy-type tools will not give the 
ultimate fine finish of the diamond, they are a desirable adjunct 
to it in that by their hardness and close approach to the diamond 
they can be used to rough cut in advance of the diamond final 
finish because they are of much more substantial size and strength, 
and in this way there would be a saving of the harder work on 
the diamond point, increasing the life and going hand in hand 
with it in the increasing use of the diamond; for, as Mr. Bausch 
says, in speaking of maximum speeds and feeds in the use of the 
diamond as a cutting tool, ‘‘the surface has not yet been scratched, 

so to speak, in this direction.’ He also emphasizes a feature 
which it would be well for the lay mind to grasp, that the machine- 
tool builders are awake to the onward march of the diamond 
and the Carboloy-type cutting tool, and to the need for meeting 
their necessary requirements to get the best results; for though 
the diamond may be sentimentally classed as a precious jewel, 
it is so in more ways than one, for it has led the way to that also 
precious quality in the industrial life of today, production. 


AvTuHor’s CLOSURE 


The author realizes the merits of both Widia metal and 
Carboloy, but did not take them into consideration in the writing 
of his paper because of the fact that their function in industry 
will undoubtedly be quite a bit different from that of diamond 
tools. Diamond tools are essentially for finishing work, and on 
work of this kind they are, in the experience of the author, 
better than Widia, Carboloy, or other tungsten-carbide tools. 


Carboloy Company, Inc., New York, N. Y. Mem. A.S.M.E. 
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For roughing work and heavy production these other materials 
are probably better than the diamonds. ‘ 

The trouble that F. S. Walters, of the Westinghouse Elec- 
tric and Manufacturing Company, is having with diamond tools 
is evidently due to the fact that excessive vibration is occur- 
ring. In turning a commutator, such as is mentioned, the jump 
from the copper to the insulating material is a very severe strain 
on the tool, but if properly set with the heel of the tool dragging 
enough to steady the cut, there should be no trouble with 
chipping the edge of the diamond. A great deal depends upon 
the proper setting of this edge. 


As explained in the paper, a burnishing effect should im- 
mediately follow the cutting edge. This is accomplished by 
setting the tool high enough and tipping it at such an angle 
that a slight rubbing takes place just behind the cutting edge 
of the tool. If this precaution is taken, and the work is done on 


a lathe that is as free from vibration as it is possible to make it, 
successful results should be accomplished. 

It is true that there is quite a knack in the proper setting of 
the diamond tool, but it has been the experience of the author 
that it is possible with proper instruction to train set-up men 
and operators so that very successful results could be obtained. 
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Carboloy 


By E. G. GILSON! anp G. N. SIEGER,' NEW YORK, N. Y. 


The paper discusses a new cemented tungsten carbide which bears 
the registered trade name of “Carboloy’’ and in which the cementing 
substance is cobalt. The physical properties of this material are 
characterized by extreme hardness, and a strength approximately 
half that of high-speed steel. As a material for cutting tools, when 
properly applied, carboloy may be used for machining substances 
which cannot be cut by ordinary tools, or which easily dull the 
present. type of tool. Examples of these are given. It is shown 
that hif#: cutting speeds are obtainable with carboloy and that there 
are iffferent defects in modern machine tools, such as lack of 
rigidit] in tool posts, excessive wear of tail-stock spindles in lathes, 
becaus* of the impossibility of proper lubrication, weakness in power- 
transmitting elements of the machines, and inadequacy of power 
availabe in standard types to drive them to the limit which carboloy 
tools wi'l withstand. 


UCH has been written in the technical magazines as well 
as the daily papers concerning hard-metal compositions, 
cemented tungsten-carbide tools. Much of this is con- 

fusing, 80 much so that the present paper is needed to clarify the 
situation. 

As has been stated frequently, tungsten carbides are old in the 
art; but, because of their extreme brittleness, they have had, 
until recently, no commercial value as materials for cutting 
tools. The Osram Company, of Germany, manufacturer of in- 
candescent lamps, originated new possibilities for tungsten car- 
bide by adding other materials which made the resulting product 
a useful commercial article. The American patent rights repre- 
senting the contribution of the Osram Company to the art were 
assigned to the General Electric Company; and similar rights in 
these inventions for commercial exploitation, aside from the 
lamp industry, were assigned by the Osram Company to the 
Krupp Company of Germany. 

Additional developmental work on the invention has been 
done by the Krupp Company, and also in the Research Labora- 
tories of the General Electric Company. Negotiations between 
the Krupp and General Electric companies resulted in a contract 
as of April 17, 1928, whereby all American patent rights accrued 
to the General Electric Company, with the Krupp Company 
retaining the right to import its product into the United States. 

The Carboloy Company was subsequently formed by the 
General Electric Company with an exclusive license under all 
of the General Electric Company’s rights in cemented tungsten 
carbides. The Carboloy Company in turn granted sub-licenses 
to manufacture, use, and sell cemented tungsten-carbide tools 
to the Firth-Sterling Steel Company, McKeesport, Pa., and the 
Ludlum Steel Company, Watervliet, N. Y. 


PROPERTIES OF CARBOLOY 


A brief review dt some of the outstanding properties of carboloy 
is a necessary introduction to a discussion of its possibilities. 
Basically, carboloy is cemented tungsten carbide, the cementing 
material being cobalt. It has a density of about 14.5. In 
hardness it will scratch the sapphire and is next to the diamond 


1 Carboloy Company. 

Contributed by the Machine Shop Practice Division and presented 
at a meeting, Chicago, Ill., March 18, 1929, of the Chicago Section 
of THe AMERICAN SocieTy OF MECHANICAL ENGINEERS. 

Note: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 
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on the absolute scale. Its strength is only about half that of 
high-speed steel. So far as is known, it is inert to ordinary 
atmospheric influences, for after years of standing around it 
shows no deterioration or even tarnish. True, some of the 
strong chemical agents will attack it as might be expected. As 
to oxidizability, being basically tungsten it behaves like all of 
the tungsten compounds, oxidizing easily at the higher tempera- 
tures. 

In its nature carboloy is unlike those metals which are fused 
or cast, although in appearance it is very similar to steel, and a 
fracture of a broken piece has a marked resemblance to that of 
a piece of heat-treated high-carbon steel. The physical char- 
acteristics are, however, entirely dissimilar to those of steel. 
In fact, in respect to these properties, it is safer to consider the 
material more like the diamond or a piece of glass than a metal. 
It seems to have an entire lack of ductility. Its thermal expan- 
sion coefficient is low. Its heat conductivity is low. These, 
combined with its lack of ductility, causes it to be cracked easily 
or broken when subjected to rapid temperature changes or sharp 
temperature gradients. 

Interest in carboloy at the present time lies more especially 
in its use as a cutting tool, and the extent to which its unusual 
properties may affect machine-shop practice or machine-tool 
design. 

It has been applied to cutting a wide range of materials; 
non-metallic substances, such as fibers, hard rubbers, phenol 
compounds, carbon, and graphite; non-ferrous compounds, such 
as copper, brass, soft bronze, very tough bronze, copper tung- 
sten, “elkonite,”’ aluminum, and its alloys as used more especially 
in the automotive industry; and ferrous metals, such as cast 
iron with its hard and sandy inclusions and hard scale, carbon 
steels, and many of the alloy steels. In this connection an out- 
standing accomplishment is the machining of Hadfield’s man- 
ganese steel which, as will be remembered, has, up to the advent 
of this hard-metal compound, been considered unmachinable 
and justly so. Hard carbon steels have also been machined. 
The results would not be considered commercially practical as 
yet but make it possible sometimes to salvage a die or similar 
tool which needs but slight machining, without redrawing or 
subsequent heat treating. 


CurttinG ABILITY OF CARBOLOY 


In the cutting of the various materials enumerated an out- 
standing phenomenon is characteristic, that is the ability of the 
tool to withstand many times the conventional cutting speeds 
now employed. This, of course, indicates the possibility of in- 
creased production. 

In the hard-rubber and bakelite fields, for instance, cutting 
speeds equivalent to those used with the diamond are possible. 
The advantage of a carboloy tool over the diamond is that the 
desired cutting face is readily obtainable and regrinding of the 
tool, when necessary, is accomplished with fair ease, in contra- 
distinction to the difficulties in obtaining the diamond shape 
best suited to the job and the subsequent difficulty of redressing 
it. It should be remembered too that the cemented tungsten 
carbide is firmly held to the ferrous backing and that there is 
no liability of loss of a precious tool due to its becoming loosened 
from its setting. Assuming an unusual condition—that of the 
complete loss of the carboloy tool—the value is insignificant to 
that of the diamond cost. Another decided advantage that 
carboloy has over the diamond is the ability to machine molded 
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compound materials having metallic inserts. Where, with the 
diamond it is usually necessary to cut back the insert before 
the machining operations, with these tools that operation may 
be omitted. 

While the base metal of brasses and bronzes is soft, these 
materials are not conducive to long life to cutting edges of tools. 
Many commercial applications of cuprous alloys have been tre- 
mendously hindered by the unsuitability to machining. Even 
present-day engineers are prone to classify copper as unmachin- 
able. However, no brasses or bronzes have yet been found 
which offer any difficulty to cutting with these cemented tungsten 
carbide tools. This statement also holds for copper. 

The automotive industry is vitally interested in the turning 
of aluminum and its alloys. Those who are experienced in this 
work will remember the detrimental effects of the small inclu- 
sions which need not here be emphasized. These inclusions are 
presumably aluminum oxide, although no analyses are offered 
in this paper. These spots are probably of the same material 
employed in the making of grinding wheels. With the hard- 
metal alloys these inclusions are machined with the same ease 
as the main body of the piece itself. Of course, any great number 
of inclusions would curtail the period between tool grinds, but 
in the ordinary production their presence is of little conse- 
quence. 

The term “cast iron” indeed covers a wide range of materials 
in so far as hardness is concerned as well as a wide range of 
machinability. Cast irons vary from those readily machinable 
to the impossible. Confining attention to routine production, 
otherwise excellent castings many times must be rejected because 
of their hard texture or more especially their sandy inclusions. 
To anneal for the sake of machining is not only expensive but 
removes desirable properties in the original casting without, of 
course, eliminating the scale. Fortunately, carboloy is no 
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How Carpo.toy Witt Arrect MAcHINE-TOOL DESIGN 


The rough cutting shown in Fig. 1 is probably due to in- 
adequate tool support, or lack of strength in the tool carriage. 
The ordinary tool post or tool clamp is a serious offender in this 
respect. As a matter of fact cases have been encountered 
where it is necessary for best performance with cemented tung- 
sten-carbide tools to remove the cross compound slide completely 
and build up directly from the tool carriage with a solid bolster 
and tool clamp. 

Mention has been made of the lack of strength of carboloy. 
Closer attention should be paid to this point as it must be given 
serious consideration in the design of tools. Cemented tungsten 


Fic. 2. CarsoLtoy Toot TurntinG CuromMe-NICKEL STEEL 


carbide should never be used when it is not thoroughly sup- 
ported by steel. The design of the tool should be such that 
when it is applied to the work the cutting strains are 
all transmitted through the carboloy to the steel backing, 
and the application should be such that the carboloy is 
under compressive strains only. Overhang of the material 
or an application which submits it to great shear should 
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respecter of hard spots or scale and machines such castings as if 
the materials were of the ordinary varieties, and moreover, it 
will machine at such high speeds that the most experienced 
operator is compelled to question what he sees. 

Many castings are also rejected because of blowholes. The 
reclamation of such castings now requires means which involve 
preheating. With the introduction of cemented tungsten-car- 
bide tools, the heretofore so-called unmachinable cast-iron electric- 
arc welds are no longer in that class. This is of extreme interest 
and enables the cheap electric-arc method to be used for re- 
claiming such defective castings. Attention is called to the 
sash weight, welded with the electric arc, turned with carboloy 
tools and shown in Fig. 1. 

Emphasis has been laid on the brittleness of cemented tungsten 
carbide and the tendency toward failure because of undue shocks. 
These weaknesses should not be underestimated. On the other 
hand, they should not be stressed to the point of not using the 
tool because of these considerations. Especial attention is called 
to the cuts on the sash weight, Fig. 1, which are of such nature 
as to subject the tool to severe shocks or blows. These welded 
spots are extremely hard. 


Wevpep Cast-Iron WeiGHT SHowine How 


be absolutely avoided. 

The ability of carboloy to withstand high speeds and 
retain its cutting edge under high temperatures is well 
known. To obtain the most out of this material, therefore, 
stock should be removed by increasing the speed of cut rather 
than the crosssection of a chip. 

In lathe work where the tail-stock center is used, either 
adequate means of lubricating the present type of dead center 
must be developed or a type of live center must be found to 
take its place. At the present time no adequate way of lubri- 
cating the dead center has been discovered and no live center 
tested has been equal to the job. The most serious objection 
to the live center has been the chatter of the work. In using 
carboloy tools on work which must be turned between centers, 
the problem of the tail-stock center, while apparently of minor 
importance is really a serious one, and attention should be 
called to it. 

At a recent exhibition of cutting with carboloy tools, a piece 
of “hytensel’”’ manganese bronze was brought in from the out- 
side. The best previous record of cutting speed on this type 
of metal was 15 ft. per min. Using carboloy tools, the maxi- 
mum lathe speed and motor power were utilized which meant 
that the material was cut at the rate of 460 ft. per min., with a 
depth of cut of */;¢ in. and a feed of '/s in. The specimen was 
rapidly consumed at this rate of cutting but the tool remained 
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in the same condition as at the start. However, the tail-stock 
center had lost its temper, and became badly scored. A very 
short time longer and the demonstration would have had to be 
interrupted on account of failure of the tail-stock center. A 
lubricant could not be applied by ordinary means to keep this 
job running. This is just one of the many examples which can 
be quoted. 

In many demonstrations it was possible to strengthen the 
tool holder with fair ease, but the tail-stock centers are a source 
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of continual worry and require constant watching to avoid 
danger of accident as well as to preserve continuity of operation. 

Naturally, high-speed operation—very much higher than 
present practice—brings into consideration other factors of 
machine-tool design, an outstanding example of which is bear- 
ings. Having pointed out that chatter and vibration are ex- 
tremely detrimental, it is realized that this statement also holds 
for present-day tool practice although these factors are not of 
the same importance as when cemented tungsten-carbide tools 
are employed. Many cases of chatter or vibration originate in 
the “head” of the machine, particularly in the bearings. This 
emphasizes the need for better bearings, both in design of the 
bearing proper as well as lubrication. When operating at the 
increased speeds necessary for the most economical use of the 
cemented tungsten-carbide tools, lubrication of present-day 
machine tools is entirely inadequate. Many cases have de- 
veloped in which the limitation was the lack of lubrication of 
the bearings of the machine being used. Better materials 
should be used in the bearings, better fits are necessary, and 
thorough lubrication must be assured. This means that it is 
practically necessary to redesign the power-transmitting mem- 
bers of the machine. 

It is also evident that more power must be transmitted to the 
cutting point of these new tools. A cemented tungsten-carbide 
tool is used because of its greater output per machine. Thus, 
more metal is removed per unit time, and this in turn increases 
power consumption. This increase, which may be as much as 
100 per cent, obviously must be transmitted from the driving 
medium to the tool point. It should be repeated that the power 
per unit of metal removed may be reduced but more work is 
done per unit of time. 

The rigidity of all power-transmitting members is of prime 
importance. Gears must be smooth running, well balanced, 
and of ample strength. Power application should be made close 
to rigid support members and never on a shaft midway between 
bearing supports. The design of power-transmitting shafts 
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should be so ample that all torque vibration is eliminated. 
With due attention given to these details, together with properly 
designed and lubricated bearings, as mentioned above, economic 
employment of carboloy should be in order. 

The major experiences so far had with carboloy cutting tools 
have been without the use of coolants or lubricants, although 
unquestionably their use should tend toward the same results 
and in the same ratio as in present-day practices. Coolants 
and lubrication have not been employed for the simple reason 
that the machines were not capable of utilizing the carboloy 
tools to their maximum capacity and therefore no attempt was 
made to complicate the problems by these additions. When 
data are being gathered for ultimate machine-tool design, un- 
questionably coolants and lubricants will occupy an important 
place. 

The hardness of cemented tungsten carbide has been stressed. 
Tools must have sharp edges in order that they may be utilized 
for cutting and the question of grinding naturally arises. While 
carboloy will make a groove in the ordinary emery wheel, and 
while the ordinary abrasive wheel is not at all satisfactory for 
grinding cemented tungsten carbide, wheels of both domestic 
and foreign production, which make commercially possible the 
employment of these tools, are available and on the market. 


APPLICATIONS OF CARBOLOY 
In turning work, practically every application has been to the 

single-point cutting tool in contradistinction to tools of the 

multiple-cutting-point type. 

At the present time, practically all efforts are concentrated 
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on the production of tools for the lathe and boring mill. This 
does not mean that intensive work has not been done in other 
lines. Asa matter of fact work is underway now on practically 
every possible adaptation of carboloy. Thus, it is being applied 
to drills, reamers, cutters, drawing dies, saws for metals, slates, 
marbles, and wood, and as a substitute for the diamond in rock 
drilling, oil-well work, etc. Promising results in all fields have 
been obtained. 

Tendency to failure when shocks are involved in the use of 
cemented tungsten carbide has been indicated before. As 
experience is gained by practical work and as further develop- 
ment goes along, many of these first inherent weaknesses can 
be expected to be compensated for and much of this is already 
a fact. 

It is a pleasure to announce for the first time that carboloy has 
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been successfully employed in a blanking die. This is an ap- 
plication which from its very nature success would not be ex- 
pected. However, an experimental notching die was made for 
use with hard silicon steel, 15 mils thick. On this job the best 
previous performance with a steel die was 60,000 notchings. For 
a chromium-plated steel die 90,000 punchings was the extreme 
limit. The cemented-tungsten-carbide die at the time of this writ- 
ing has given 130,000 punchings, the last as good as the first, free 
from burrs and with perfectly smooth edges. 

The cemented tungsten-carbide tools are unquestionably a 
step forward to a more effective and more complete sort of a 
machine. Instances can be recited where the cost of machining 
has been reduced from one per cent to as high as fifty per cent. 
The latter, of course, is most unusual and possible only in extreme 
cases but with the great advances that have been made in the 
short time that these tools have been on the market, there is no 
doubt but that further development and further researches will 
make even these figures of low order. 


Discussion 


C. B. Couz.? I would like to know the action of Carboloy 
on boring strictly cast iron where there is a chance of an inter- 
mittent cut through the failure of cores or blowholes. 

Mr. Giison. It acts the same on an inside cut as it does 
on an outside cut. I do not see that we can make a distinction 
as to whether it is inside or outside. Mr. Sieger has called your 
attention to the matter of an intermittent cutting. It will do 
an intermittent cut and stand up. 

Mr. Coxe. Perhaps I should have said an irregular cut on 
the inside of a casting. There is a possibility that you would 
be taking one-eighth at one section and possibly five-eighths at 
another, where there would be a lump or projection. 

Mr. Guson. I think what is meant is what we call an in- 
and-out cut, where the tool will at some time run out of the 
cut and scrape on the scale and then dig in three-quarters of an 
inch or something like that. On a job like that Carboloy shines. 
I think it shows up to better advantage on such an application 
than it does on a straight cut where the cross-section of chip is 
uniform. 

C. E. Puummer. Will this tool cut Durairon? 

Mr. Gitson. Whether it will cut it to your satisfaction is 
for you to determine. An application such as that, I think, 
is out of the stunt class, but whether it is a satisfactory pro- 
duction operation is all in the state of mind of the particular 
customer. What might be satisfactory to one might not be 
satisfactory to another. Carboloy will cut Durairon. 

Mr. PLiummer. I know that Diamondite or a similar tool 
will cut 11'/. per cent nickel-silicon alloy. 

Mr. Gitson. We have cut Durairon with Carboloy. 


Roger Stuart Brown.* How does the finish compare with 
high-speed steel and cast iron? 

Mr. Gitson. First, we will take cast iron. I have in mind 
one job in our own plant in which we have done away with the 
rough grinding by using a Carboloy tool. This was because 


2 President, Tool Equipment Sales Co., Chicago, Ill Mem. 
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3 Sales Engineer, Calorizing Co., Chicago, Ill Mem. A.S8.M.E. 
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we got a better finish and did it much cheaper. On steel we 
are not prepared to give, in general, as high grade a finish as we 
can obtain with a high-speed steel. We can on screw machines 
under oil get a very good finish. 

Mr. Jenkins. I would like to know if Carboloy will cut 
chilled cast iron on a boring mill, and if so, how many feet per 
minute would it cut? 

Mr. Gitson. We have not had much experience with chilled 
cast iron of the type that is used in rolls. I believe that Carboloy 
will cut in. If we are to judge by our experience in cutting 
scale-chilled castings such as we get in ordinary practice welds 
in cast iron made with the ordinary electric arc and such appli- 
cations, I would say there would be no trouble in cutting the 
chilled cast iron. 

A. H. Myer. Could you tell me what developments have 
been made along the line of punching tools for silicon steel? 

Mr. Gitson. Mr. Sieger called attention to that. Due to 
the physical characteristics of the material we hesitated to at- 
tempt it. For this experimental job it was a very expensive 
proposition to make the punch and die and test it out. Finally 
we got our courage up sufficiently to do it, and the results as- 
tounded us. This is the first one, but it is so successful that we 
are building now a much more complicated die, and we intend, 
if the experiment continues successful, to go into that field as 
rapidly as possible. 

Mr. Myer. May I ask the number you have run? 

Mr. Gitson. On steel for this particular metal it was 60,000 
between grinds. By that time the punching was burred up 
so that in packing it would stack very badly. On steel chromium 
plated, we got 90,000. With this die we got 130,000, and the 
last punching is just as good as the first, being absolutely free 
from burr. 

Mr. SanpspurG. When you cut with a Carboloy tool, does 
the point get red the same as does a high-speed steel? 

Mr. Gitson. You can run a Carboloy tool much hotter than 
you can a high-speed steel tool. I have seen Carboloy tools 
running where the estimated temperature was 800 to 900 deg. 
cent. It was beyond the red; it was almost white-hot. 

Mr. Murpuy. I would like to know what is borium, and 
why Carboloy has not been placed on the market more rapidly 
whether the General Electric Company is absorbing it as fast 
as it is made? 

Mr. Gitson. Borium, I understand, is another of the ce- 
mented tungsten-carbide tools. Its history is a bit vague at 
present. The General Electric Company has been absorbing 
tools as rapidly as they could be made. The general develop- 
ment has been about as Mr. Sieger has outlined. The research 
laboratory developed it, and then it had to sell it to the pro- 
duction department. That was not an easy job, and like nitric- 
ing, there were many soft spots in the Carboloy, so that it was 
a difficult road to travel. When we got ourselves finally estab- 
lished, the demand came down on us so heavily that it more 
than swamped our facilities. I want to correct Mr. Sieger’s 
figures. I have not seen him since I learned these figures myself, 
and I have not imparted them to him. Our output for the 
General Electric Company alone within two weeks will be 6000 
tools a month, and we are increasing it as rapidly as we possibly 
can. The Carboloy Company and all these other companies 

have had to start from scratch. Engineers should know what 


that means. 
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Precision Cylindrical Grinding 


By R. E. W. HARRISON,! CINCINNATI, OHIO 


This paper reviews the process of evolution through which the art 
of precision cylindrical grinding has passed during the last seven or 
eight years. As the mechanical features of the machines and the 
wheels employed on them have been improved in efficiency, it has 
been realized that production is dependent upon the horsepower 
capacity of the tool, consequently the structure of the tool has been 
strengthened and improved, until today these tools are offered to 
users largely on their power rating. Work which was regularly 
handled on 5-hp. machines in 1920 and 1921, is today being pro- 
duced in a proportionately reduced time on 15- and occasionally on 
20-hp. machines. 

There is still considerable work to be done, both by builders and 
users of grinding machines, in the direction of the further elimi- 
nation of idle or non-grinding time between the work cycles. It 
is as true of the modern grinding machine as it is of any other 
machine tool that is only an earning unit while the grinding wheel 
is in contact with the work. At other times it is a liability, so that 
the efforts of the shop management and the production engineer 
should all be directed toward the elimination of unproductive move- 
ments on the part of the operator. 


HE advent and growing use of the centerless grinder during 

| the past few years makes desirable a critical review of 

the practice of precision cylindrical grinding. With this 

in mind, the author in what follows has endeavored to place on 

record the results of observations and tests, with a view to pre- 

senting data of a useful and constructive nature, and of a type 
which can be readily utilized by the production engineer. 


ComPpaRATIVE Metuops oF MetaL REMOVAL 


One outstanding fact which has been brought out is that pre- 
cision grinding machines can be more readily and accurately 
classified by their horsepower requirements than by any other 
method of specifying. In other words, it is preferable to classify 
such a machine as a 5-, 10-, 20-, or 30-hp. tool, as the case may be, 
rather than to refer to it as being, say, an 8-in. X 30-in. ora 10-in. 
< 50-in. machine. 

A similar tendency has manifested itself during the past few 
years in respect to milling machines, lathes, and other heavy-duty 
machine tools, the implication being that the productive capacity 
of the machines is largely a factor of the horsepower which can 
be utilized in them. 

While it has never been intended that the precision grinding 
machine should compete with, say, the lathe or the milling ma- 
chine as a high-capacity metal-removal tool, much has been done 
during the past few years in improving its efficiency in that re- 
spect. It will, however, be readily appreciated that at no time 
can the precision grinding machine, with a maximum metal- 
removal capacity of 4 cu. in. per min., for which it requires 40 hp., 
compete with the manufacturing-type lathe or milling machine, 
which will remove metal at the rate of 100 cu. in. per min., 
utilizing 50 hp. in the process. In the one case we are able to 
remove 1 cu. in. per min. with 10 hp. and in the other, 20 cu. in. 
per min. with the same amount of power. Measured on a horse- 
power basis, then, it is apparent that where the problem confront- 
ing the production engineer is purely one of metal removal, there 
are many types of machine tools available which are infinitely 
better able to take care of this requirement than the grinding 


1 Engineering Director, Cincinnati Grinders, Inc. Mem. A.S.M.E. 
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machine—the instance quoted above, which represents a margin of 
20 to 1 in favor of the lathe or the milling machine, being typical. 

Despite the fact that the metal-removal capacity of modern 
precision grinding machines is so low compared with that of other 
types of machine tools, there is, nevertheless, distinct evidence 
that insufficient attention has been given to this aspect of the 
matter by all concerned, having regard to the fact that the rate of 
metal removal and the rigidity and mechanical refinements of 
the machine are the most important factors in arriving at the rate 
of production which the machine is capable of attaining. 

With a modern precision cylindrical grinder of either the center- 
less or the controlled center type, the following rates of metal re- 
moval can be accomplished in a commercially attractive way: 


Horsepower applied to 
the grinding-wheel 
spindle 


Metal-removal capacity, cubic 
inches per minute, cast 
iron or steel 


5 1/9 
10 1 
15 
20 2 
25 21/2 
30 3 
35 31/2 
40 4 


Three work-cycle diagrams have been prepared with the object 
of showing the reasons underlying the possibility of obtaining a 
more efficient rate of metal removal when correct grinding con- 
ditions are established. 

Referring to the first of these diagrams, Fig. 1, it will be noted 
that a 20-hp. machine has been selected and that in all cases a 
wheel of the same width as the work to be ground is used. The 
object of this is to bring out the fact that manufacturing con- 
ditions solely are under consideration in these diagrams. 

The 20-hp. machine has a maximum metal-removal capacity 
of 2 cu. in. per min., but on account of the fact that the work is 
supported from the two ends only, and therefore has a tendency 
to spring away from the wheel pressure in the middle, the maxi- 
mum duty to which the machine can be usefully subjected is the 
removal of metal at the rate of 1'/: cu. in. per min. 

Furthermore, it will always be found that when work is 
held between centers on a controlled center-type machine, 
the grinding wheel cannot be put to work immediately with 
full power, because of the fact that the centers are almost 
invariably out of truth with the periphery of the work. Owing 
to the comparatively flimsy support given to the work, time is 
therefore lost before the wheel gets to operating properly, and 
then, in the closing phases of the operation, the “sparking out” 
or “rounding up” period is prolonged, because of the spring in the 
work which has to be gradually eliminated. Other factors which 
influence the length of time for the closing phases of the operation 
are the finish and the limits of inaccuracy demanded. The higher 
the finish and the more restricted the limits of inaccuracy, the 
longer the time consumed in the closing phases of the cycle. 
These closing phases in turn are directly proportional to the 
rigidity and stability of the machine employed. 

Fig. 2 shows a precisely similar piece of work being ground in a 
20-hp. centerless-type machine, the wide-wheel principle of 
grinding being employed and the thrust of the grinding wheel 
counteracted by means of a regulating wheel of similar width. 
Operating under these conditions it is easily possible to subject 
the work to the full 20-hp. available, since the work is trapped 
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between the two wheels and the thrust of the cut is taken on a 
rigid work-supporting blade. This results in a 30 per cent im- 
provement in the rate of metal removal, with a proportionate 
reduction in the total number of units of time consumed. Fur- 
thermore, if the conditions under which the grinding is done are 
studied, it will be found that both the opening and closing phases 
of the work cycle are reduced in duration for the following 
reasons: 

1 In the opening phases the rounding up of the work is ac- 
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Fig. 1 


complished in approximately one-half the time, due to the fact 
that the grinding wheel operates on a diametrical rather than a 
radial dimension, the rounding up being an averaging process, 
removing only the amount of metal necessary to establish a true 
axis of rotation. 

2 The time required for the closing phases of the work cycle 


is reduced on account of the fact that the work is held more 
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rigidly, being supported throughout its length, and the sizing 
control is operated at an infinitely greater leverage and with 
infinitely greater rigidity than that which is attainable under the 
principle outlined in Fig. 1. 

Carrying this process of reasoning to its logical conclusion, 
it will be seen that the attainment of maximum efficiency in metal- 
removal capacity is only reached when the grinding wheel starts 
to break down and the work commences to burn under the in- 
tense heat generated by the high rate of metal removal. 

However, on the piece of work under consideration, a 30-hp. 
centerless type of machine can be employed with a 50 per cent 
higher rate of metal removal as compared with the machine dealt 
with in Fig. 2, and this is reflected in turn in the number of units 
of time consumed in the work cycle. 

Furthermore, while the opening and closing phases of the 
operation are similar in principle to those of the machine sketched 
in Fig. 2, they are accomplished in a shorter length of time (owing 
to the fact that this machine in turn is made along more rigid, 
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powerful, and stable lines) than is possible with the 20-hp. ma- 
chine. 

Summarizing the foregoing remarks and the evidence brought 
out by the diagrams, it will be seen that the three main factors to 
be taken into account when estimating the production possibili- 
ties of precision cylindrical grinding machines, when considering 
them on a metal-removal-capacity basis, are: 

Inaccuracy in the previously 
machined work, such as lack 
of roundness and parallelism 
The maximum horsepower 
which can be applied to the 
piece of work being ground 
before the limited durability 
of wheel, etc., is reached 

The rigidity and _ stability 
, of the machine on which the 
. work is attempted 


1 Opening phases of work cy- 
cle 


2 Period of maximum rate of 
metal removal 


3 Closing phases of work cy- 
cle 


GRINDING WHEELS 


While it is not the author's intention to review the progress 
made in‘the art of manufacturing grinding wheels, it should 
nevertheless be borne in mind that during the last few years 
immense strides have been made in the improvement of their 
metal-removal efficiency and wearing qualities. The grinding 
wheels available today, as compared with those available a few 
years ago, cut faster, generate less heat, have a very much higher 
ratio of metal removal to wheel wear, and have a higher degree 
of consistency, i.e., the spacing of the abrasive element is more 
uniform; hence much has been done to insure the satisfactory 
performance of the wheels. Straight infeed grinding, otherwise 
known as plunge cutting or broad cutting, is now carried out along 
entirely successful commercial lines on work up to 15 in. in width. 
However, it should be fully recognized that a high and con- 
sistent rate of accurate and well-finished production from any 
precision grinding machine is the result of the combination of a 
correct grinding wheel with a mechanically sound machine tool. 
Of both elements it may be said that each is the complement of 
the other, and no rearranging or juggling will result in efficient 
production if either element is at fault. It is true that on many 
classes of work there is available a certain amount of choice in 
regard to the grit, grade, and bond of the wheel used, but there is 
invariably one best wheel specification which can be arrived at, 
and the grinding-wheel manufacturers are in a better position 
today to give this type of service to the user than ever before. 
The practical application of specially bonded wheels running at 
a peripheral speed of 9000 ft. per min. (as compared with the 6000 
ft. previously used) to foundry practice is being felt in the form 
of the expressed desire to have the advantages of this type of 
wheel applied to the precision grinding machine. However, this 
practice has not yet passed the experimental stage, and con- 
siderable additional research work will be necessary before the 
high-speed wheel with its attendant higher metal-removal ca- 
pacity can be applied to the precision grinding machine satis- 
factorily. However, some idea of what might be expected from 
the more general use of this high-speed wheel can be gathered 
from the fact that the results obtained in the snagging shops 
indicate that a 50 per cent increase in the grinding wheel speed 
has resulted in a 30 per cent increase in the rate of metal removal, 
with a wheel-wear-to-metal-removal ratio of around 1 to 15. 


PropucTION PossIBILITIES ON THE CONTROLLED CENTER-TYPE 
MACHINE 


Careful analysis of a wide variety of work ground by this 
method clearly indicates the advantage of the plunge-cut or 
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can be obtained from this method of operation, certain essential 
characteristics in the work should be taken care of. The standard 
practice when employing a wide grinding wheel is to reciprocate 
the grinding-wheel spindle mechanically from '/\. in. to */,¢ in., 
the extent of this reciprocation being dependent upon the coarse- 
ness of the wheel employed and the demands in respect to finish. 
However, all results observed indicate that a more efficient work 
cycle is obtained from the use of the broad wheel and the straight 
infeed method wherever the specifications of the finished work are 
such that this method can be applied. Generally speaking, work 
must be turned more uniformly as regards parallelism than when 
the traverse method of grinding is employed, as localized wear on 
the grinding wheel entails a comparatively lengthy wheel-truing 
operation with consequent loss of production. However, the 
Savings in increased production from the grinding machine are so 
pronounced that it is seldom found in the final analysis to be a 
handicap to demand better work from the automatic and other 
turning machines. 

On work less than 4 in. in diameter by two to three diameters 
in length, there is invariably a danger, when the grinding is 
forced, of developing a barrel-shaped piece of work similar to that 
shown in Fig. 4. 

The explanation of this is comparatively simple, inasmuch as 
the headstock and tailstock centers being the supporting points 
the work naturally springs away most from the grinding wheel, 
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where the leverage is greatest, and this in turn causes the piece 
to assume a shape like that shown in the figure. 

This condition is automatically eliminated on the centerless- 
type machine, where the work is supported in the line of lateral 
thrust of the grinding wheel by the regulating wheel, and the 
downward thrust of the grinding wheel is opposed by the support 
blade. 

The only way of counteracting this tendency to produce barrel- 
shaped work on the controlled center-type machine is by efficient 
steady-resting. The more efficient the steady-resting is, the 
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straight infeed method of grinding, but before the fullest benefits 
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more nearly can the maximum available metal-removal capacity 
of the grinding wheel be taken advantage of. However, this 
method of grinding can never, under any circumstances, be as 
efficient as the centerless method, as the time consumed in all 
three of the major phases of the work cycle is greater. In addi- 
tion, it is seldom that the handling facilities for getting work into 
and out of the machine are as good as those which exist or can be 
provided on the centerless type. Much time and thought have 


Fie. 5 Hypravuiic PLunce-Cut GRINDER 


been expended in the production of precision cylindrical grinding 
machines of the automatic type, with a view to reducing what 
might be termed the “idle time” which occurs in between the 
termination of one work cycle and the commencement of the 
following one, but although it has been possible to cut down the 
idle or non-cutting time to a minimum, the characteristics of the 
opening, working, and closing phases of the work cycle are identi- 
cal, and in many cases the working phase is prolonged on account 
of the fact that it is seldom possible to steady-rest the work on the 
automatic center-type machine. 

The question has been frequently asked, “How much time is 
gained by using the plunge-cut or straight infeed method of 
cylindrical grinding as against the traversing method of grinding, 
assuming a common piece of work and identical conditions?” 
The answer to this question cannot be given until the work itself 
has been carefully studied. If the piece in question has sufficient 
axial stiffness to withstand the thrust of a wide grinding wheel, 
it is safe to assume that the time for infeeding will be but one-half 
to one-fourth, or, in extreme cases, even one-sixth of that which is 
required for traversing. However, it will be realized that no 
hard-and-fast rule can be laid down, and each particular piece of 
work must be considered on its individual merits. As a matter of 
general guidance, though, it may be stated that where the cir- 
cumstances are such that reasonable care can be exercised in the 
turning operation preceding the grinding operation, it is always 
better to straight-infeed with a wide wheel than to traverse-grind. 

There is another angle to this matter which comes under the 
heading of economics, and this is largely concerned with the 
quantities of individual pieces of work available, the time taken 
to set up the machine, power consumed, the cost of truing the 
grinding wheel, and many other similar factors which must all be 
taken into careful account before a true balance can be estab- 
lished. 

Tse Mopiriep PLuNGE-CuTTING PRINCIPLE 


There are a few special classes of work where the high pro- 
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ductive capacity of the modified plunge-cut-type machine can be 
taken advantage of. This machine, while employing a wide 
grinding wheel, subjects the work to considerably less pressure 
than is the case when a wheel the full width of the work is em- 
ployed and oscillated 1/j. in. or !/s in. This type of machine is 
shown in Fig. 5. It is equipped with a grinding wheel 6 or 8 in. 
wide, and is intended for work up to about 10 in. in length, such 


WORK 


WHEEL 


DEFORMATION DUE TO 
WHEEL THRUST 


Fic. 6 DEFORMATION OF WorK To WHEEL (Ex- 
AGGERATED) 


as pistons, thin-walled tubes, and other structures of a similar 
specification. 

If a tubular piece of work is subjected to wheel pressure in 
excess of the inherent stiffness of the wall, a distortion will take 
place, as indicated in an exaggerated manner in Fig. 6. To in- 
sure, therefore, that production is maintained, it is necessary that 
the work be subjected to a light cut, but that the number of cuts 
be multiplied, so that a good average rate of metal removal is 
maintained. This is accomplished on the machine shown in 
Fig. 5, which is equipped with an automatic hydraulic recipro- 
cation of the work table having a work-traversing speed up to 
24 ft. per min. This development in the art of precision grinding, 
while interesting, is only applicable to a limited number of types 
of work, and therefore cannot be quoted as typical plunge-cutting. 


OF PRODUCTION 


EXAMPLES 


TABLE 1 


Part name Material in. in. 
Hardened steel 0.875 31/16 
Valve tappet....... Hardened steel 0.625 17/s 
Case-hardened steel 1.00 
(Spherical) 
Heat-treated steel 0.310 1/2 
Tapered roller. .... Hardened steel 0.703 7/s 
Fountain-pen cap. . Pyroxylin 0.625 27/16 
Fountain-pen barrel Pyroxylin 0.531 33/s 
Motor shaft....... Soft steel 0.501 6!7, 32 
Taper-shank drill... Hard steel 0.625 83/4 
Hard steel 0.250 
Tapered pen holder Pyroxylin 0.375 53/4 
2-Diam. stud Soft steel 0.562 21/2 
Trip staff..... a Steel 0.082 25/16 
Balance staff....... Steel 0.041 
Chain-roller pin.... | Hard steel 0.156 7/16 
eer Hard steel 0.187 3/16 
Pearl button....... Shell 0.375 3/32 
Electrode.......... Carbon 0.187 
Glass tubing...... Glass 0.156 


OBTAINABLE 
Diam., Length, 


CONCLUSIONS 


Reviewing the process of evolution through which the art of 
precision cylindrical grinding has passed during the last seven or 
eight years, it can be said that as the mechanical features of the 
machines and the wheels employed on them have been improved 
in efficiency, it has been realized that production is dependent 
upon the horsepower capacity of the tool, consequently the 
structure of the tool has been strengthened and improved, until 
today these tools are offered to users largely on their power rating. 
Work which was regularly handled on 5-hp. machines in 1920 and 
1921, is today being produced in a proportionately reduced time 
on 15- and occasionally on 20-hp. machines. 

There is still considerable work to be done, both by builders and 
users of grinding machines, in the direction of the further elimi- 
nation of idle or non-grinding time between the work cycles. It 
is as true of the modern grinding machine as it is of any other 
machine tool that is only an earning unit while the grind- 
ing wheel is in contact with the work. At other times it is a 
liability, so that the efforts of the shop management and the 
production engineer should all be directed toward the elimination 
of unproductive movements on the part of the operator. The 
author calls to mind numerous cases where he has been called in 
on installations where there has been a desire to increase produc- 
tion, and has recommended the installation of a conveyor system 
to save operator fatigue rather than the employment of a higher 
rate of feed and speed on the machine. It is, in the author’s 
opinion, the last evidence of utter futility to provide an operator 
with a highly efficient and productive machine tool and then to 


Fig. 7 Rear View oF CENTERLESS GRINDER SET UP For THROUGH- 
Freep GRINDING 


ON MODERN CENTERLESS GRINDERS 


Stock Number Number of -—Limits, in 
removed, in. of cuts pieces per hour Size Round 
0.012-0.015 6 250-300 0.0001 0.0000 

0.012 2 350 0. 2 0.0001 
0.005-0.008 1 360-480 0.001 
0.010-0.012 2 350 0.0002 0.0001 

0.005 3 900 0.0001 0.00005 
0.010-0.020 1 700 0.002 0.002 
0.010-0.020 1 700 0.002 0.002 
0.010-0.015 2 150 0.0005 0.0001 

0.015 4 100 0.0005 0. 2 

0.010 2 420 0.0003 0.0002 

2 350 0.002 
0.010-0.015 2 300 0.0005 0.0001 
0. 002-0 . 004 1 2,700 0.0002 0.0001 
0.003-0.005 1 1,200 0.0002 0.0001 
0.005-0.008 1 ,000 0.0005 re 

0.005 1 8,000 0.0001 ane 
0.003-0.005 1 1,500 0.0005 ee 

0.05 2 6,000 0.0050 

0.02 1 36,000 0.0020 ies 
0.008-0.015 2 2'/:ft. per min. 0.001 0.0002 
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employ his time in wrestling with some heavy, cumbersome job, 
which should be handled by a hand crane or fed to the machine 
on a conveyor, 

No machine tool available today produces a better example of 
the advantages of time and motion study than does the modern 
centerless grinder, inasmuch as the consistently high rate of 
production obtainable on it is largely attributable to its principle 
of operation which makes possible the elimination of those hand 
or foot movements on the part of the operator which may precede 
or follow the actual process of grinding. 

Typical examples of the production obtainable along commer- 
cially attractive lines with the type of machine shown in Fig. 7 are 
given in Table 1. 
for work from zero up to 3 in. 

A second size of this type of machine has capacity for work 
ranging from ! 
main drive motor. 

A third size, a 40-hp. machine, is shown in Fig. 8. 
chine will handle work from 1 in. 
Light-type work up to LL in. in diameter can also be accommo- 
dated on this machine by using a smaller grinding wheel. 

It will be appreciated that the centerless method of grinding 


This machine has a diameter range capacity 


» in. up to 7 in. in diameter, and.used a 30-hp 


This ma- 


up to 9'/, in. in diameter, 


constitutes a generative process, and as such it possesses marry 
advantages over the alternative methods available in which the 
accuracy of the work is copied or reproduced from some portion 
of the machine, such as the work-head spindle. Unfortunately, 
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there are many machining operations, such as traverse grind- 


ing, which cannot be handled by a generative process. How- 
ever, it is axiomatic that wherever the generative method can be 


employed, it produces work of superior accuracy. 


40-Hp. CENTERLESS GRINDER CAPABLE OF HANDLING 


Work Up To 9 InN. IN DIAMETER 


Fig. 8 
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Cemented and Tungsten-Carbide Tools 


By SAMUEL L. HOYT,! 


Considerable interest has been shown in the past few years in the 
new tool materials which have tungsten carbide as a base. The 
most promising field for the use of these tools is in machining 
materials which are so abrasive that ordinary tools are speedily 
worn away or lose their cutting edge, but which do not exert great 
pressure on the tool. The author points out that the economic 
value of cemented tungsten carbide is so great in many instances 
that it at once justifies its use. In some others this will not be so 
marked and in still other cases its use will be less economical or not 
at all suitable. Among the latter applications may be mentioned 
finishing cuts on iron and steel, hogging cuts on steel, or, in general, 
cuts with heavy feeds and cuts which impose heavy pressures on the 


tool. 
+ years in the new tool materials which have tungsten 
carbide as a base. The author has recently given an 
introduction to this subject in a paper presented at the 1928 con- 
vention of the American Society for Steel Treating (Preprint 
No. 20) which deals, in a general way, with the properties and 
behavior of these materials as made by the General Electric 
Company at Schenectady. For a general idea of the nature of 
these materials, those interested may refer to that paper. The 
present discussion aims to present certain features which will be 
of more particular interest to mechanical engineers. 

Tungsten carbide may be classed as one of our hardest mate- 
rials, coming just below the diamond, and in addition it has a 
metallic rather than a non-metallic nature. To this it undoubt- 
edly owes its present position as a tool material, for it unites with 
cobalt and similar metals to produce a combination of strength, 
hardness, and toughness which is absolutely unique among 
materials of its class. With a strength which is over half that 
of high-speed steel, its Brinell hardness number runs to over 
2000, and it is capable of scratching a sapphire. In addition, it 
loses none of this hardness, as steel does, by having its ‘“‘temper 
drawn’’ when heated, but retains its metal-cutting hardness at 
a bright red heat. From a review of these properties as well as 
from several years’ experience at the plants of the General Elec- 
tric Company, it is clear to the author that this material is des- 
tined to find many applications in the mechanical arts. 

With these possibilities in mind it is equally clear that the art 
of utilizing tungsten carbide is in its infancy; time and experience 
alone can teach us how it is to be handled and how to delimit 
accurately the scope of its applications. 


ONSIDERABLE interest has been shown in the past few 


Toot MANUFACTURE 


Cemented tungsten carbide is made in relatively small pieces 
from '/, in. to */,4 in. square, with a length up to several inches. 
It is also made in disk form, in sizes up to 1'/, in. in diameter and 
'/, in. thick and as thin blades, drills, ete., for experimental pur- 
poses. It is made up in tools either as a tool bit held in a tool 
holder or asa tip brazed to a steel shank, to form the cutting edge. 
Sometimes a bit is brazed to a shank and then used in a tool 
holder. In this way it is possible to make tools which are large 
enough to perform most machining operations. With the same 
technique tools of special shapes can be made up for handling 
special cuts in production work. 


1 Research Laboratory, General Electric Company. 

Contributed by the Machine Shop Practice Division and pre- 
sented at the Annual Meeting, New York, N. Y., December 3 to 7, 
1928, of Tae AMERICAN SocrETy OF MECHANICAL ENGINEERS. 
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Those who have had similar experience with the brazing of 
high-speed-steel tips will be skeptical as to the utility of a tool 
made in this manner. Experience has shown that the failure at 
such joints is largely due to heavy pressures and high tempera- 
tures, and particularly to the former. When it is borne in 
mind that the natural strength of tungsten carbide holds down 
the pressures brought about in practice well below those which 
are probably used with brazed high-speed-steel joints, it will be 
clear that difficulties from this source are not as serious as they 
are with high-speed steel. In other words, it is probably much 
easier to make a brazed joint with tungsten carbide which is as 
strong as the carbide itself, and so to remove the joint as an im- 
pediment to the use of the material. The only work which is 
likely to give trouble from this source is that on steel, and the 
laboratory’s experience here, which wil! be cited later, shows that 
brazed joints are practical for some applications. Tungsten 
carbide itself will probably never be able to handle heavy hogging 
cuts on steel, so that the ability of the brazed joint to withstand 
that service may never need to be tested. 

The brazing is done by the methods of “copper brazing,” 
which have been studied in rather great detail in the past at the 
Research Laboratory. This experience has been available for 
the work on carbide tools and has contributed greatly to the 
company’s success in that field. The equipment and materials 
used, and the care and skill with which the operations are per- 
formed, have probably been largely responsible for the results. 
The materials of the tool bits and of the shanks offer no particular 
difficulties, and to date many different tool compositions have 
been brazed to shanks of cold-rolled steel, machine steel, high- 
carbon or tool steel, nickel steel, high-speed steel, and a few 
special compositions. It has also been found that the bits can 
be silver-soldered to the shank with an ordinary gas burner and 
flux, but here it seems that a rather careful control of the tem- 
perature is required to make the flux and solder flow properly. 
The more usual methods of brazing can be employed for tung- 
sten carbide if a shop is not equipped to do copper brazing, but 
the laboratory’s experience is largely confined to the latter. 
Other methods of joining the bit to the shank are being studied. 

The shank itself is now generally made of medium-carbon 
nickel steel. In some respects high-speed steel is superior to 
nickel steel, for it can pass through the hydrogen brazing furnace 
without coarsening. The carbon steels come out with a very 
large grain structure and are comparatively weak as a conse- 
quence. But it has been found in practice that high-speed-steel 
shanks are only too apt to split open, or at least to check so badly 
that the tool is lost the first time it is put into the tool post. 
Nickel steel shanks come through the brazing treatment in good 
condition for use in the shop, and in the process about to be 

described, nickel steel has a decided advantage over high-speed 
steel. 

The shanks are first ground to shape on an automatic grinder 
to give the desired cutting angles and shape for the finished tool. 
With nickel steel this operation can be rapidly and economically 
done. A slot is then milled out of the nose of the tool, into which 
the tool bit proper is copper brazed. Some judgment is re- 
quired in laying out this work, for it is desirable to reduce the 
amount of grinding to a minimum, and to secure as good a fit 
as possible between bit and shank. 

Other methods of uniting bit and shank have been tried, but 
it has been the experience that a rigid joint, such as would be 
secured by welding, is only too apt to split at the joint or in the 
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immediate vicinity. This failure may occur shortly after the 
weld is made or after the tool has been put in service. In other 
words, it is better to have a soft cushion between the bit and 
shank which can take up small stresses that may be caused by 
the different coefficients of expansion of the tungsten carbide 
and steel. On the other hand, it has also been observed that too 
much metal is bad. The pressures and temperatures involved 
are apt to force metal out of the joint, and to rob the bit of its 
support directly beneath the point. This action leads to break- 
age of the tool. By controlling the copper brazing and the 
design of the tool, it has been found possible to reduce this hazard 
to an unimportant factor while still retaining the valuable cush- 
ioning properties of the copper joint. 

The tool sizes and shapes are not greatly different from those 
used with high-speed steel, although it has been found desirable 
to depart somewhat from the standard angles for some work. 
This particular point is constantly being studied, for its im- 
portance is held to be very great, but the field is so large that 
there is small hope of properly covering it in the near future. 


GRINDING AND LAPPING 


The question of grinding tungsten carbide may occur to some 
as being serious. From what has been said, it is obvious that the 
softer wheels, such as emery, etc., are not suitable. The only 
commercial material which is hard enough, and available in wheel 
form, is silicon carbide, so that wheels of the carborundum 
type have been used. These have proved to be satisfactory and 
sufficiently rapid for economical production. A coarse grade is 
employed for roughing, with very much the same technique that 
is used with high-speed steel except that no water cooling is 
permitted. Light pressures must also be used to avoid setting 
up excessive stresses in the metal. A fine carborundum wheel 
puts a sufficiently keen edge on the tool for most machine opera- 
tions. 

Surface grinders are used to prepare tools of special shape, in 
case the dimensions are to be held within close limits. However, 
tungsten carbide is so hard that the wheel wears away much more 
rapidly than is customary with ordinary tool materials, and this 
circumstance introduces a new factor if the tolerances are small. 
With the carborundum wheel wearing away continuously, a 
single cut cannot produce a plane surface, so that special methods 
must be employed to shape this material with close tolerances. 
With the methods of lapping, and particularly of diamond lap- 
ping, it is perfectly possible to work with cemented tungsten 
carbide to a half a mil or even closer. 

Lapping has generally been done with carborundum powder, 
either by hand or with a machine, but this method is not as rapid 
as is desirable and generally leaves the surface too rough. Tung- 
sten carbide powder has also been used for finishing, to get a 
smoother surface, but tungsten carbide is expensive for this 
purpose and is not very rapid in the size which is readily available. 
Just recently it has been found that boron carbide combines 
rapid lapping with a smooth finish, and this material looks very 
promising at present. Curves of the rate at which different 
lapping powders remove metal from a surface of tungsten car- 
bide, and the rate at which the powders lose their cutting ac- 
tion, have shown that boron carbide cuts quite as fast, or faster, 
at the start as silicon carbide, and retains its cutting ability 
about twice as long. By combining powder of different sizes, 
it has been possible to secure a boron carbide lap which cuts 
rapidly at the start and retains its cutting ability for a compara- 
tively long time. Another advantage of boron carbide is that 
it leaves the surface relatively smooth, with a velvety appearance, 
Incidentally, this type of finish has been found of great value 
for certain finishing cuts where a keen-edged tool is required. 

The most satisfactory material for lapping tungsten carbide 
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is diamond powder, its only drawback being its high cost. A 
copper lapping disk charged with a medium coarse dust cuts 
tungsten carbide away very rapidly and gives a true surface, 
except for the grooves cut by the particles of diamond. Such a 
surface can then be polished on a copper or wood lap using finer 
powder. A No. 6 grade of diamond dust held on a wood lap 
with almond oil will give a highly polished surface, sufficiently 
good for high-power microscopic examinations. This powder is 
so fine that it can be said that no metal is actually removed by 
the process. 

Ordinary machine-shop grinding practice requires simply the 
two grades of carborundum wheels. An operator can be readily 
trained to grind the tools properly, and no particular difficulties 
may be expected from thissource. Having considered the prepa- 
ration of the tools and the nature of the tungsten carbide tool 
materials, a review of some of our experience with these tools in 
shop practice is in order. 


Practice 


The present discussion will be largely supplementary to what 
was said in the author’s A.8.8S.T. paper and will deal more with 
problems which are of special interest to mechanical engineers or 
to those interested in machine-shop operations. 

Sufficient information has already been given concerning the 
properties and behavior of tungsten carbide to enable us to pre- 
dict, on that basis alone, the most promising field for its use, 
namely, that of machining materials which are so abrasive that 
ordinary tools are speedily worn away and lose their cutting edge 
but which do not exert great pressures on the tool. 

In the paper previously referred to, the performance on hard 
carbon, Genelite, commutators, Mycalex, Bakelite, hard rubber, 
etc., was briefly reviewed, and it was pointed out that the tool 
life is increased to fifty or more times that obtained with high- 
speed steel, due to the greater resistance to abrasion possessed 
by tungsten carbide. 

In one case blanks were being machined (faced) which were 
made of Bakelite. The speed was about 600 ft. per min., which 
was as fast as the machine could run. At this speed the tools had 
to be removed and redressed about every 150 blanks. At the 
end of each run a few blanks would be lost on inspection on 
account of finish, dimensions, ete. At the start of each run a 
few more would be lost in getting the tools properly set up. 
Furthermore, the finish required on the parts necessitated a 
certain definite shape to the tool, and this was not always ob- 
tained. At different times a few parts would be lost at the be- 
ginning of the run because of this, and more time would be lost, 
and on these occasions the tools would have to be redressed and 
reset. This job was equipped with carbide tools of the same 
shape as the standard tools, and, with the same operating condi- 
tions and inspection, 11,000 blanks were finished before the tools 
required redressing. This gives a ratio of about 70 to 1 in per- 
formance, while the other advantages secured with the use of the 
carbide tools may easily be seen by those engaged in such work. 
It would seem logical to assume that a change in performance of 
a whole order of magnitude, or more, would justify a radical 
change in the method of doing a particular operation. Such a 
change in process might well lead to a much more important im- 
provement than that of increasing the durability of the tool or 
increasing the speed of the operation. 

A case in point may now be given to illustrate this factor. 
Corrugated porcelain insulators are made from cylinders of 
green porcelain by hand-turning the grooves on a lathe, using 
the methods of wood turning. The green mixture is not hard in 
the ordinary sense, but the particles of grit are very abrasive 
to the turning tool. The very hardest steel tool would lose its 
edge in about fifteen minutes, while the amount of time spent 
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by the operator in dressing his tools would amount to an appre- 

ciable portion of his total time. Carbide tools were tried out 
on this job in the same way and found to last so much longer that 
the time saved in grinding would soon save the cost of the car- 
bide tools and make their use economical, in spite of the fact that 
the steel tools cost this shop nothing. The greatest improvement 
in practice, however, came from the change of the operation 
from hand to machine. The tool life was formerly so short that 
machine operation was not feasible. 

Tests on the machining of fiber have brought out another 
advantage of using tungsten carbide tools as compared with 
those of high-speed steel. The speed corresponding to the 
economical tool life of high-speed steel on fiber lay well below 
the speed at which the best surface finish was secured. This 
situation was completely altered by using carbide tools on 
such jobs, for the increased speed resulted in a material improve- 
ment in both production and finish. This could not be realized 
with a new tool material unless it gave a very material increase 
in the resistance to wear. 

TUNGSTEN CaRBIDE AND DiamMonp TooLs 

Diamond tools are very useful in performing certain cutting 
operations where tool abrasion and surface finish are vital factors 
in the production of the parts being machined. Their importance 
is due, of course, to the great hardness of the diamond, and its 
great resistance to abrasion and heat. Diamond tools have 
their field, and it is not likely that either tungsten carbide tools 
or other tools will replace them, but carbide tools have such 
unusual hardness that their applications in this general field seem 
worth while investigating. In considering their applications 
here the author has been guided by a number of factors which are 
favorable to the carbide tools. 

Diamond tools are generally of small size and of some simple 
shape. In fact, it is not an easy matter to give diamond tools 
shapes such as are found in steel tools. Carbide tools, on the 
other hand, are made up in a wide range of sizes and shapes, 
without undue cost. Outside of very light cuts, the use of dia- 
mond tools is very limited in metal cutting, while carbide tools 
are exceptional in their ability to cut metal. The advantage of 
carbide tools over diamond tools in machining Bakelite parts 
with metal inserts has already been mentioned. Diamond tools 
are always expensive, on account of both material and labor, and 
tool breakage places a rather serious burden on the cost of the 
machining operation. Carbide tools, while being less likely to 
break, incur no such serious losses when they do break. 

In repairing broken tools, in sharpening new tools, and in 
redressing worn tools, it has been found that the carbide tools 
possess another advantage over the diamond. The diamond is 
itself the hardest-known material. This means that there is 
nothing harder available with which to grind and lap the dia- 
mond tool, and hence it follows that shaping operations using 
diamond dust must necessarily be relatively expensive as com- 
pared with the cost if a harder material were available. Carbide 
tools, as has been shown, can be easily and economically shaped 
and dressed. Furthermore, the carbide tools can be handled with 
standard equipment, such as grinding wheels, surface and auto- 
matic grinders, etc., which are not available for work with the 
diamond. These factors are reflected in the greater cost of 
dressing diamond tools and the time involved in getting the 
work done. 

Thus it is seen that in hardness and resistance to abrasion, 
tungsten carbide possesses great advantages over the ordinary 
tool materials with which it competes, while retaining the ad- 
vantages of being easily shaped, and that in strength, cost, and 
ease of handling it possesses great advantages over the only tool 
material which surpasses it in hardness. This places the new 
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carbide tools in an intermediate and very advantageous posi- 
tion. 


MacuHINING METALS 


In the paper already cited, the author introduced the subject 
of using tungsten carbide tools for metal cutting. He showed 
that they are capable of machining metals which dull the ordinary 
tools almost at once, and of operating at speeds for an hour or 
more on such a metal as nickel steel at a speed at which high- 
speed steel is ruined almost immediately. He also showed that 
a carbide tool can operate at twice the speed of a high-speed- 
steel tool on a given cut, for a length of time which breaks the 
edge of the high-speed tool down when operating at the lower 
speed, and without showing any appreciable wear. Such per- 
formances may be termed spectacular, and they indicate the 
possibilities which await the use of the new material. 

It was also pointed out that the new material has its own 
limitations, and that its relatively low physical strength con- 
fines its application to work which, for one reason or another, does 
not stress the tool bit above the breaking load. These limita- 
tions are felt particularly keenly in the steel or metal field where 
tool pressures are so high. Manganese steel and other steels 
which do not now come in the “machinable”’ class may be 
eliminated, for here the competition is rather with other methods 
of shaping material. It is to the general run of steels and 
metals which are now commonly machined that the present 
remarks are intended to apply. 

Heavy “hogging” cuts running an inch deep with an eighth 
of an inch feed seem now to be without the range of carbide tools. 
Here the size of the work is large, the speeds are necessarily slow 
because such large masses of metal cannot be moved very rapidly, 
and the necessity for speeding up the removal of metal requires 
the use of heavy feeds. Furthermore, the tool size must be kept 
within reason, and therefore the tool pressure and the unit tool 
pressure are inordinately high. These conditions seem to be 
very unfavorable for the use of carbide tools. 

As the size of the parts decreases, the cuts taken decrease and 
the speed of machining increases. Here we begin to enter the 
field where the carbide tools are more likely to compete to ad- 
vantage with the steel tools, for tool pressure becomes of less 
importance and cutting efficiency of greater importance in tool 
performance. The author would not attempt now to draw the 
line between the two fields, but he can at least indicate some of 
the points which seem of importance in handling cuts which in- 
volve pressures below the strength of the carbide tool material. 

A special study conducted by A. C. Danekind of the Schenec- 
tady plant has shown the great importance which attaches to 
the shape of the tool and the angles to which the edge is ground. 
If we may assume that the tools are correctly ground, then the 
feed is the most important factor in machining a given steel, for 
we find that too great a feed causes the end of the nose to chip or 
break off. By reducing the feed slightly the pressure is relieved 
considerably and the tool performance improved correspondingly. 
After a certain amount of this type of experience, it is obvious 
that the rapid removal of metal with tungsten carbide tools 
requires the use of lighter feeds and higher speeds than with high- 
speed steel. From this it follows that the position of high-speed 
steel becomes more favorable if the conditions do not restrict the 
feed which can be used, for high-speed steel removes metal faster 
by using heavy feeds and slow speeds than by light feeds and 
high speeds. This circumstance is probably due to the strength 
and cutting efficiency or resistance to tempering of the high- 
speed steel. The carbide tool, on the other hand, may be said 
to be limited to the lighter feeds due to its lower strength, and 
it is only in case that high speeds can be used that the newer tools 
will be able to compete with our present tools on a favorable Basis. 
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The cutting efficiency is so high that it probably will not enter 
noticeably as a limiting factor, but it will at least serve to lengthen 
the time between grinds. 

If the conditions are such that light feeds must be used, for 
finish or to avoid heating the work, etc., then the carbide tools 
are placed in a more favorable position, for, in taking those cuts 
which do not overload the carbide tools, they have a greater life 
than those of high-speed steel at twice the speed. In this field 
it seems to be good practice with high-speed steel to take cuts 
whose cross-sections are of the order of 1 per cent of the tool cross- 
section. It will also probably be advisable to adhere to this chip- 
to-tool ratio, or even stay below it, with the carbide tools. The 
actual values of the feeds which may be held in mind here are 
from 1/32 to 1/64 in. 

It is obvious that these factors must vary with the iron or 
steel machined and with its physical condition. They vary so 
much that it would be beyond the scope of the present paper to 
attempt to detail the best or safe practice and, furthermore, it will 
require considerable time and effort to secure all the necessary 
data. 


Macuine-Toot EquipMENT 


Sound engineering practice dictates the use of well-tested 
methods and thoroughly tried materials; but sound commercial 
procedure requires the scanning of a new material or process 
which shows promise of engineering progress, in order to de- 
termine, in advance, the possibilities of the new development 
and the direction it is most likely to take. When confronted 
with such a situation, one must decide whether to lead or to await 
the progress of others. If the former, he gambles that the proj- 
ect will succeed; if the latter, that it will fail. So this new tool 
material places us in these circumstances, and if our judgment be 
that carbide tools will live up, if only in part, to the promises 
of its past performances, we may well take stock of the work 
done and attempt to predict the direction in which engineering 
practice will be altered. 

Experience at Schenectady has shown that machines which 
do not permit much higher speeds than those now used may not 
use carbide tools to best advantage. The tool enters the class 
of durable tools, but does not speed up production commensurate 
with its inherent cutting efficiency. We may predict, therefore, 
that a study will be made of the new tool material and that 
machine-tool equipment will be designed to translate the possi- 
bilities of tungsten carbide into performance. Operations which 
are now done at low speeds, or manually, will be done by machine 
and at much higher speeds. Operations which are now done in 
a way to conserve the tool or its cutting edge will be done with 
greater freedom from concern as to the ability of the tool to stand 
up. Operations which are now done singly will be combined and 
done automatically. Operations which now permit fairly large 
tolerances and which are to be followed by finishing operations 
will be done in one operation to finished, or nearly finished, 
size. Some operations which are now done wet will be done dry, 
for it is not so necessary to keep the tool cool. New ways will 
be found to perform old operations, and new materials will be 
machined which are better adapted to certain engineering re- 
quirements than those now in general use. Time alone can 
divulge the steps of this development and the extent of the 
changes which will follow. 


CONCLUSION 


This discussion of the use of cemented tungsten carbide as a 
tool material does not exhaust its possibilities nor does it do more 
than suggest the work that has been done at Schenectady in 
this field. There are also other applications of strong, hard 
materials which appear very promising, and a number of these 


have been tried with success. Those responsible for the placing 
of carbide tools in our shops have found many very valuable 
applications. So fruitful has their work been that it has be- 
come necessary to increase production very greatly. 

While it is not the author’s intention to discuss the cost of 
tungsten carbide tool material, it may be well to mention that 
it is made from relatively expensive ingredients and by a process 
which is necessarily more expensive than the usual steel-making 
processes. It is also much denser than steel. It is evident that 
tungsten carbide must stand at a disadvantage on a weight basis, 
and still more so on a volume basis, as compared to high-speed 
steel. On a tool-for-tool basis the two are brought more nearly 
to a parity, for only a relatively small portion of the whole tool is 
made of expensive material. The vital point, in the author's 
opinion, is the relative performance of the two materials. On 
this basis the relative economic value of tungsten carbide as 
compared to high-speed steel will vary with the nature of the 
material machined and the operations performed, and it will 
be necessary to determine this factor for each new application. 
It is probably obvious, from what has been stated, that the 
economic value of cemented tungsten carbide will be so great 
in many instances that its use will be justified at once. In other 
cases this preponderance will not be so great, and some study 
will be required to determine the more economical tool material. 
In still other cases tungsten carbide will be less economical than 
other tool materials or not suitable at all. Among the latter 
applications may be mentioned finishing cuts on iron and steel, 
hogging cuts on steel, or, in general, cuts with heavy feeds and 
those which impose heavy pressures on the tool. 

Those who are conversant with machine-shop practice will 
realize that, much remains to be said about the use of the new 
tool material. As time permits and as experience in this new 
field increases, these points will undoubtedly be covered in much 
the same way that high-speed steel has been covered. The 
present discussion is to be regarded as an introduction. 


Discussion 


Ernest F. DuBrut.? The writer commends to the careful 
consideration of both users and builders of machine tools the 
author’s remarks on machine-tool equipment. There are so 
many commercial problems that enter into the question of using 
these tools that we should give them very serious consideration. 

The author well points out that many things are not yet known 
about these tools. To find these things out will require much 
research. If this research is conducted without coordination 
or direction, a little being done here and there by individual 
companies, it will be a long time before these scattered bits of 
information can be gathered in usable shape, and it will be an 
expensive process. 

When high-speed steel first came in, machine-tool designers 
simply groped. One man, in fear and trembling, would pro- 
vide a speed or feed on a machine tool that was a considerable 
advance over that used with carbon-steel tools, but was still 
far short of the possibilities of the high-speed cutting tool. All 
this meant expense of designing and experimenting. Then 
another designer, in equal fear and trembling, would go the first 
one some better. Progress was by slow, costly steps, based on 
cut-and-try methods and not on fundamental research. 

It seems that since these new cutting alloys open up tremendous 
possibilities, there could and should be avoided all this expensive 
duplication of the cut-and-try methods. A definite, coordinated 
research project should be organized on a large seale with ample 
funds back of it. Some experimental machinery should be 
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designed that would exceed in its cutting possibilities almost 
any dream of the ordinary machine-tool designer. We might 
seek out the man to design this machine that has the wildest 
imagination when it comes to speeds. 

The author has pointed out that in many of the experiments 
at the General Electric shops they simply have reached the limits 
of the machine speeds without really reaching the limits of the 
Carboloy tools. Therefore the experimental research work 
should go far beyond the limits of the tools, and then from ex- 
periments conducted on such machines the tool limits could 
be determined. Once these are determined, the design of ma- 
chine tools to meet the Carboloy possibilities would be based 
on known factors and would not grope blindly toward unknown 
limits. 

The time might then come when the Machine Tool Builders’ 
Association could have on its staff a consulting designer who 
would be able to advise all of the industry's designers how to 
use the results of this experimental work to the best advantages. 
He would save the cost of such service over and over again. 
Not only that, but by attacking the problem in this fashion, 
the art would advance by large leaps, rather than by small steps. 

There is nothing new or revolutionary in this idea. It is 
merely the application to the machine-tool industry of the same 
principles established in the cement industry, where consulting 
engineers employed by the Portland Cement Association show 
people how to use concrete. 

One may think it so visionary as to be foolish, but it seems that 
the development of these high-speed alloys is merely initiating 
another revolution in machine-tool design. Who will say that, 
besides producing an alloy that will cut at high speeds with 
small feeds, we shall not soon hear of an alloy that will stand 
heavy tool pressures, and be tough as well as hard, so that we 
might take heavy cuts at much higher speeds than are now pos- 
sible with high-speed steel. Evidently the work so far done on 
Carboloy at least opens up a revolutionary era for light-cutting 
machine tools. 

The best way for both users and producers of machine tools 
to get the benefit of these discoveries is to determine the limits 
of the materials before they begin to design machines to use 
them. The writer would not undertake to say how much of 
a research found ought to be provided for this work of investi- 
gation. Suppose we say it might cost as much as half a million. 
Certainly a research fund of that amount would be a mere bag- 
atelle to the machine-tool-using industries in this country. 
If there is enough work of the character that the author has 
already discovered in which Carboloy can do seventy times as 
well as high-speed steel, a half million dollars would not be a 
great price to pay for the right kind of investigation. 
of the large companies that use machine tools to a great extent 
often spend $50,000 to $100,000 on investigations with less 
possibilities than these alloys seem to point to. 

The user has a greater stake in this than the builder of machine 
tools, and the user industries should carry by far the greater 
part of this research expense. The machine-tool industry should 
of course carry some of the load, but if the users are wise, they 
will not depend upon the machine-tool industry to finance the 
investigation. The machine-tool industry will have enough 
to do to finance the work of putting these new things into prac- 
tice. The user will always get more out of the results than the 
machine-tool industry can ever hope to get out of the profits 
on the machines that produce the results. 


Some 
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information. There are a number of points that are not clear 
to the writer, and he therefore would like to ask these questions: 

1 It is stated that Carboloy loses none of its hardness as steel 
does by having its “temper drawn’’ when heated, but retains 
its natural cutting hardness at a bright red heat. It is assumed 
that about 1550 deg. fahr. is meant as indicated by various 
color-temperature charts. This appears to be only a few de- 
grees above the temperature at which Stellite is influenced. 

2 No specific information regarding copper brazing or silver 
soldering is given, and yet it is discussed at some length. Refer- 
ence is made to “controlling the copper braze and the design of 
the tool,’ but no values or details are given. 

3 It is stated that a silicon-carbide abrasive is better than 
aluminum oxide for grinding the Carboloy tools. Is there any 
information as to the type of bond which is best and the grade 
for the coarse and fine grain abrasive? 

4 Under the heading of “Shop Practice’ an example is cited 
as to the machining of Bakelite blanks. Is it to be assumed 
that the tools operating at about 600 ft. per min. were of high- 
speed steel and might not this speed have been too high for 
tools of this material as was evidenced by the production of only 
150 blanks per grind? 

Undoubtedly some of the problems as to the tool angles and 
speeds to give best results on various materials under different 
operating conditions are yet to be worked up. Certainly the 
author has given an interesting summary as to the future appli- 
cation of tungsten-carbide tools and the influence on the design 
of machine tools on which this material is used. 


J. R. Weaver.‘ This is a very interesting subject and, as 
you will remember, about the time high-speed steel was replacing 
carbon steel there were difficulties encountered with inadequate 
machine tools. In our plant we had a group of men called 
demonstrators and time-study men who were required to equip 
the machine tools throughout the shop with this new high-speed 
steel and demonstrate its superiority. It was no uncommon 
thing to have these men increase the feeds and speeds to such 
an extent that they would break the gears in the machine tools. 
Therefore it was necessary to redesign practically all the ma- 
chine tools to meet the increased output which was obtainable 
by the high-speed steel. 

The tungsten-carbide steel seems to be coming into effect 
much in the same way as the high-speed steel. Although it 
is yet in an experimental stage, I do not think it will be long 
until it will be an established tool steel for regular machine work 
in the various shops in the country. I brought this particular 
question up last September at the Machine Shop Practice Di- 
vision meeting at Cincinnati, Ohio, and although I did not men- 
tion Carboloy at that time, I did mention a number of similar 
steels that were being used, especially in foreign countries, to 
replace high-speed tools. 1 brought this up in particular to 
call to the attention of the machine-tool builders that it would be 
desirable to design machine tools to suit this tungsten-carbide 
steel. At that time, Mr. DuBrul and Mr. Oberg discussed 
my paper. Mr. Oberg mentioned that machine-tool builders 
in Europe had designed a lathe capable of sufficient feed and 
speed to efficiently use this tungsten-carbide steel and they 
were getting some very fine results. 

The Westinghouse Electric & Manufacturing Company of 
East Pittsburgh has not yet tried Carboloy, but we have tried 
a number of other steels somewhat similar to it with very good 
success. The various steels which we have tried are Osram, 
Widia, Akrite, Diamond Alloy, Stellite, etc. All of these steels 
do not belong to the tungsten-carbide group; however, they 
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are alloy steels capable of producing more work than the regu- 
lar high-speed steel. 

We found that the tungsten-carbide steel is very hard and brit- 
tle, requiring considerable time to grind it to shape and easily 
destroyed under cut due to vibration or intermittent cutting. 
We have tried it in a number of places to replace a diamond, 
and although it is not as hard as a diamond, we found a con- 
siderable difference in cost, so that a change from a diamond 
was desirable from this standpoint. 

We have also tried another steel which is made in Germany 
called Akrite. It is similar to Stellite in practically all its char- 
acteristics. This steel is easily ground, and our tests indicate 
we can obtain greater production from it than we can from any 
of the other steels. 

The tungsten-carbide steel is much more expensive than the 
ordinary high-speed steel; therefore, it is desirable to weld or 
braze small tips to expensive steel shanks in order to obtain 
a tool for the least cost. We have also had some difficulty with 
the welding or brazing due to the fact that the steel is very brittle, 
and unless it is very well supported, it will break. We have 
also had some difficulty with the tips coming off under cut. I 
understand, however, that the Germans are very successful in 
brazing these tips to steel shanks. 

The fact that steel is very brittle and cannot stand vibration 
is an indication to the machine-tool builders that the equipment 
on which this steel is to be used must be designed and built to 
eliminate vibration to the fullest extent. This will require con- 
siderable study and development because of the fact that much 
higher cutting speeds are obtainable with the tungsten-carbide 
steel. 

I am mentioning these other steels because they are some- 
what similar to Carboloy and, as Dr. Hoyt mentioned, these 
have worked out very successfully in turning micarta or bakelite. 
For this purpose we used a diamond-tipped tool, but due to the 
fact that it is very difficult to shape a diamond to produce a 
smooth cut, we found that we got much better work from the 
tungsten carbide without sacrificing production. We have had 
this steel on this work for six months without redressing or re- 
grinding, and if you are familiar with machining micarta or 
bakelite, you will realize that micarta is very difficult to machine. 

The General Electric has done some very fine work in develop- 
ing this steel. However, there are several people that are work- 
ing along these same lines, and it appears to me as though it 
would be desirable to combine these efforts so that a steel could 
be obtained that would be applicable to the various conditions 
met in machining various products throughout the country. 
There is no doubt but we are experiencing more or less trouble 
in applying this steel universally, and this combined research 
may help considerably in getting this steel into production in 
the near future. 

As soon as this steel is developed to the point where various 
manufacturing concerns will adopt it as standard, it will bring 
about a condition of decided advantage to the machine-tool 
builders. It will mean that practically all the present equip- 
ment will be obsolete, and new equipment will have to be designed 
and built to stand higher speeds and feeds. Therefore it is de- 
sirable that all manufacturing industries carry on the develop- 
ment with the greatest speed possible so we can obtain these 
advantages in the near future. The outcome will naturally 
be lower costs and shorter deliveries on the various products. 


E. J. Kearney.’ It seems to me to be the thought in Mr. 
DuBrul’s mind that we are on the eve of a revolution, and per- 
haps that is true. Nearly everyone who speaks about modern 
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machine tools in relation to cutting tools refers to the fact that 
the machine tools as constructed when high-speed steels were 
introduced were inadequate. I venture the remark that if we 
were to go a five-mile radius from this room, we would find 
5000 machine tools that were in use prior to the introduction 
of high-speed steel. No one realizes better than this group of 
engineers the rate at which we are traveling. The thing that is 
new today is old tomorrow, and something else has taken its 
place. Nevertheless, these matters must go through a process 
of evolution. The user, and not only the up-to-date user, the 
progressive user, but the slow user as well, has to be considered. 
In designing a machine tool, even for advanced cutting materials, 
that machine must be designed to meet a great variety of condi- 
tions. We have heard about machine tools being overmotored. 
No reference is made to the fact that the machine tool may be 
called upon perhaps through its entire life, to use only 3 hp., 
while some other machine or that same machine at some period 
in its life may be called upon to use 25 hp.; so that the machine- 
tool builder never knows in advance what the conditions are 
to be. So it is in regard to the matter of speeds and feeds. 
They are provided on most modern machine tools in great variety, 
and probably a great many machine tools are already constructed 
with sufficient speeds for use of this new material, under very 
light cuts perhaps. So that I am quite satisfied that the means 
already exists for determining the limitations of these new ma- 
terials. Most of us think that when we get out a new thing 
we must furnish the facts about it. Sometimes we exaggerate 
the facts a bit when it gets to our sales department, but never- 
theless it has to go through that process. 

The new materials are being brought out by such great, power- 
ful concerns as the General Electric Company, and naturally 
we would expect that as they put this material on the market 
they are going to tell us what this material will do, under what. 
conditions it can be used, and where it can not be used, as Dr. 
Hoyt has already indicated. So that in my judgment, regardless 
of what independent research may be started, we must first de- 
pend primarily upon those who are going to profit by it in a 
commercial way. 


AUTHOR’s CLOSURE 


Mr. DuBrul’s comments on the advisability or the desirability 
of making a rather thorough and fundamental study of the 
possibilities of these new tool materials and utilizing basic in- 
formation for the guidance in machine-tool design are very 
interesting. That seems to be a very healthy, sane attitude 
to take. It is undoubtedly different from the attitude at the 
time of the introduction of high-speed steel in 1900. 

Mr. DuBrul brought out the extent to which the present tool 
equipment is affected or involved in the set-up for tungsten 
carbide. That is a matter on which the research man naturally 
is not competent to speak, but I think I present the picture 
somewhat nearly in its true light when I say that many machine 
tools are at present perfectly capable of utilizing carbide tools 
in such a way as to cash in on its possibilities. 

Professor Boston has asked some very pertinent questions 
which must be answered for the purposes of manufacturing 
and applying carbide tools. 

The first relates to the effect of elevated temperatures on the 
hardness of a tool material. Tool steel and high-speed steel are 
made hard by means of heat treatment, but this hardness is 
lost at high temperatures, due largely to the effect of the tem- 
perature on the constitution or structure of the quenched steel. 
At the high temperature the structure which was produced by 
the quench is converted into a softer structure. This change 
is permanent until the steel is again properly quenched. High- 
speed steel greatly excels ordinary tool steel by its greater ability 
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to resist the ‘“‘tempering” action of elevated temperatures, but 
both have ‘‘temper’ which can be and is “drawn”’ if the cutting 
speed raises the tool point to a high enough temperature. In 
the paper it is stated that cemented tungsten carbide has no 
such “temper.” The hardness of the latter is produced by a 
high temperature sintering in the neighborhood of 1400 deg 
cent. and depends in no way on an unstable or transient struc- 
ture produced by quenching. The consequence is that subse- 
quent heating during the operation of the tool produces no 
“tempering.” In other words, the hardness of cemented tung- 
sten carbide is permanent. The material actually softens at 
high temperature, but this is due to the temperature per se and 
not to a structural change. It so happens, as was recorded in 
the paper, that cemented tungsten carbide retains its inherent 
hardness at a remarkably high temperature. 

The second question asks for details on copper brazing and 
tool design. No attempt was made to describe the art of braz- 
ing, only just sufficient being given to enable those who are ac- 
customed to practice this art to understand the methods we 
have used to unite tip and shank. In the past copper brazing 
has been done largely in the research laboratory, but of late it 
has assumed industrial importance to such an extent that large- 
scale equipment is now available to any one who desires to do 
this work. I assume that Professor Boston refers to furnace 
equipment, cost of the operation, gas used, and other details 
of carrying out the art, and I believe my best reply is to refer 
him and others to the electric-furnace manufacturers, who will 
be better able to give him the details for which he asks. He 
might also refer to the following articles: ‘(Copper Brazing in 
a Hydrogenated Furnace,’’ American Machinist, May 17, 1928; 
“A New Method of Making Joints,” E. E. Thum, Jron Age, 
May 10, 1928. 

The second question also relates to tool design, but here the 
question must be as specific as the answer is required to be. 
I have been asked this question frequently in the past, and it 
has always seemed rather unsatisfactory to attempt any more 
than a general answer. This belongs in the field of engineering, 
and I would refer Professor Boston to the engineers who have 
charge of the application of carbide tools to various operations 
or to the concerns who are exploiting this product in this country. 
While there is a large amount of this information available, 
each new application requires its own solution. 

The third question relates to the wheels used for grinding 
carbide tools. The wheel manufacturers have studied this prob- 
lem quite extensively of late, and are still studying it. Two 
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wheels have been found to give very good results, the Detroit 
Star 80-H and the Carborundum 100-T. 

The final question relates to the machining of bakelite blanks 
at 600 ft. per min. The tools used were not high-speed steel 
but Stellite. This speed was not necessarily too high for Stellite, 
for the life of the tools in minutes was quite reasonable. 

Professor Boston rightfully assumes that the art of handling 
and applying carbide tools is still in a state of flux, in spite of the 
large amount of fundamental work which has already been done. 

It has been asked if cemented tungsten carbide can be soldered 
and brazed. I never tried to solder it, and I do not know of any- 
body who has tried to solder it. I assume it could be soldered. 
As for brazing, it is well known that these materials can be brazed, 
with either brass or with silver solder or with a copper. 

As to a comparison of carbide tools with diamond tools for 
light cuts and high speeds, I would say that that is a matter 
which is now being studied at Schenectady and that the results 
so far are sufficiently promising to warrant further work. But 
it does not mean at all that diamond tools are to be replaced or 
that carbide tools can do anything that a diamond tool can do. 
At present I think the correct reply would be that tungsten car- 
bide does not do all that the diamond tool does, but there are 
many jobs which it does satisfactorily enough for commercial work. 

In reply to the question as to whether it can be drilled or not, 
I think if I were a production man I would say either ‘‘no,” 
or “I don’t know,” but I know as a matter of fact that it has 
been drilled with diamond drills, and tungsten carbide dies are 
pierced for wire drawing. Although if you wish to make up a 
part with a hole in it, there are simpler means for making a tool 
than making a solid chunk and then attempting to drill a hole 
through it. It can be produced in moderately thin strips, say 
5/» in. I think it can be produced in that form, although the 
cost of making thin strips is a little higher per unit weight than 
the cost of making thicker ones. 

As for its use as finishing tools and for cutting threads, the 
answer will have to be deferred for the present. There is work 
being done in that field. 

Dr. Blum has brought up the point of machining chromium 
plating. I was a little puzzled as to just what Dr. Blum had in 
mind, because I have already heard him tell about the thinness 
of these chromium plates, on the order of */,9 of a mil, and I 
would say that it would be a very delicate job to machine a thing 
of that kind. Machining the plated article could be done. I 
do not think that the chromium plating is as hard as tungsten 
carbide by some measurable amount. 
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Tungsten-Carbide Cutting Tools 


By HENRY J. LONG! ann W. PAUL EDDY, JR.,2 SYRACUSE, N. Y. 


Results are given in the fabrication of tools of tungsten carbide, and 
experiences are detailed of successful and unsuccessful attempts 
to apply them to various kinds of work. Readjustment of manu- 
facturing practices must take place if there is to be a place in industry 
for tungsten carbide. The present high price may have its effect 
upon general adoption. The future of such alloys as factors in 
efficient manufacturing is asserted to be in the hands of the users 
of machine tools and not the makers of tool materials nor of the 
machine-tool builders. The rigidity and absence of vibration in the 
machine tool must continue, even as it grows appreciably older, to 
permit these materials to operate without chipping. An even 
stronger and tougher alloy may become necessary. 


properties of tungsten-carbide tool materials; these have 

been adequately described. It is therefore more in order to 
present the results of some experiences in the fabrication of these 
tools and of both successful and unsuccessful attempts to apply 
them to various types of work, so as to assist in the readjustment 
of manufacturing practices which must necessarily take place in 
order to allocate to tungsten carbide its true place in industry. 


fy IS not the purpose of this paper to discuss the general 


DBSIGN AND FABRICATION OF TOOLS 


The brittleness of tungsten-carbide mixtures is a property 
which encourages the use of a large, and especially a thick, tip in 
relation to the size of the cut to be taken. The factors limiting 
the tip size may be the cost of the material, the necessity for ample 
support of the cutting tip by a stronger and tougher material, 
and the space available for the operation of the whole tool. It is 
also necessary, in designing a tool, to consider chip space, es- 
pecially in the case of a multiple-edged tool, in order that there 
may be no likelihood of chips becoming packed on the tool face 
to the extent that chipping of the edge results. 

The comparative weakness of this material demands as sharp 
a cutting angle as possible, in order to reduce the chip pressure. 
In order to use a large rake angle, however, without crumbling 
at the edge, absolute rigidity is essential. As more rugged ma- 
chines are built and as fluctuations of power applications are 
lessened, it will become possible to use steeper cutting angles. 
The angles are not the same, of course, for all jobs, but depend 
upon the character of material being cut, type of tool used, speed, 
feed, and condition of the machine. As an example, we are using 
on lathe tools for malleable cast iron a front rake of 5 deg. and 
a side rake of 5 deg.; we have hopes of increasing these angles 
for steel as we approach freedom from vibration in operation. 

Inasmuch as heat generated in the tool is relatively unimpor- 
tant, we find it possible to use broader-nosed tools of tungsten 
carbide than of high-speed steel, thus distributing the cut over 
wider areas and lengthening the life of the tools. 

Partly in the interests of economy, the company with which 
the writers are associated is studying methods and technique of 
making tools tipped with tungsten carbide. This is perhaps a 
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field in itself, yet it is one with which we believe every user 
of these tools should be familiar. With money tied up in such 
expensive material, it is imperative that the investor be in position 
to use it as efficiently as possible and to eliminate losses resulting 
from delays in procuring, regrinding, repairing, or remodeling 
tools. 

Inasmuch as it is usually impossible to purchase a piece of 
tungsten carbide of nearly the size required in a tool, the first 
problem encountered is that of removing from a small bar or 
stick of the material a piece of the desired size and shape, with 
minimum effort and the least possible loss. In the first place, the 
bar should be purchased with its application in mind, so that 
two dimensions of the proposed tip will have been fulfilled. 
Then it would appear merely necessary to cut the length desired 
by means of a thin grinding wheel of the special composition 
recommended for grinding cemented tungsten carbide. 

It is not so simple, however. We have never been able to 
cut completely through even a thin piece of this material with a 
grinding wheel; the piece always fractures before the job is 
finished. By feeding the disk carefully so as not to heat the 
work excessively, and by turning the piece so as to grind into two 
opposite sides or perhaps into all four sides, it may be possible 
to cut away two-thirds of the section before the piece cracks. 
The discouraging feature is that, even with these deep notches 
carefully ground, the fracture is no more likely to occur between 
the notches than anywhere else—with the limitation, of course, 
that it always starts in one of the notches. We have found, 
after many trials, that to grind on one side only (one of the 
broader sides if the section is not square) directly into the piece 
until it cracks is as sure as any method of resulting in a flat 
fracture in the desired plane. With this method the feed of the 
wheel into the work, within reasonable limits, appears to have 
little influence on the result. The fracture, by the way, with any 
method, usually does not begin at the lowest point of a notch, 
but rather at the side of its rounded bottom, on a line with one 
wall of the notch. The notching should not be attempted by 
hand, but should be done on a small surface grinder. We are 
using a 7-in. wheel, not less than */; in. thick, on the circumfer- 
ence of which has been dressed a rim approximately '/j¢ in. 
thick and '/, in. wide, with fillets at the shoulders and with a 
rounded edge. 

The next step is mounting the tips on the holders. Firm 
support is of paramount importance. The tip must fit its seat 
closely and should have contact over not less than three sides. 
Blades of multiple-edged tools, such as reamers and facers, may 
be made of thin, flat pieces of tungsten carbide, which should be 
mounted in slots sawed at angles of 10 to 12 deg. to the direction 
of motion at the cutting points. This method results in locking 
the blades against the pressure of the chip, which would other- 
wise pull out the blades during operation. 

The brazing may be done by heating the holder and tip in a 
furnace having an atmosphere of nitrogen or hydrogen, using 
copper as the brazing material. Good results can also be ob- 
tained, however, without such a furnace, by heating in the flame 
of a blow torch, provided a brass alloy be substituted for copper. 
The strength of a well-brazed joint of brass may not be as great 
as that of an equally good copper joint; but owing to the fact 
that the brass flows more freely, a complete filling of the joint can 
be made much more easily under the blow torch with brass than 
with copper. 

The tip or blade may be ground to its final shape after mount- 
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ing. In the past we have occasionally encountered tips which 
by their crumbling defied all our efforts to grind a good edge. 
Various methods of impregnating several materials with fine 
abrasive for use as laps, as well as many ideas on lapping proc- 
esses, were investigated to overcome this difficulty. We de- 
veloped machine lapping with an aluminum disk on which was 
brushed a fine silicon carbide paste; this served the purpose 
fairly well, although there were still some edges which required 
finishing with a hand lap of brass. Of late, however, both grind- 
ing wheels and our technique seem to have improved. We find 
that a fixed position on a surface grinder results in a rounding or 
crumbling of the point; consequently we grind by hand, moving 
the tool across the side of the wheel. Good results in roughing 
are obtained with a certain Czechoslovakian silicon carbide 
wheel and with 60-I to 80-I Crystolon wheels. For finishing, 
a 100-I Crystolon wheel is satisfactory. Wheel speeds are ap- 
proximately 3400 r.p.m. We now rarely find it necessary to 
resort to lapping as the finishing operation. We feel, however, 
that further improvement is possible, possibly through the use of 
a still finer finishing wheel. 


Curtrinc Cast [RON 


As is well known, the properties of tungsten-carbide tool ma- 
terials point to the low-tensile materials as the field of greatest 
service. We have found a number of operations on malleable- 
iron castings to which these tools are applicable. 

One of these is the breaking down or chamfering of the flanges 
of differential-case castings. The operation is the first per- 
formed on the rough casting. One typical case requires a 
chamfer of about '/, in. on a flange of 9 in. diameter. Best 
previous results were obtained with Stellite, cutting at a speed of 
72 r.p.m. and with a feed of 0.014 in.; the production per grind 
averaged 200 pieces. By simply changing to a tungsten-carbide 
tool, the average production jumped to over 7000 pieces per 
grind. 

On the same lathe set-up, the flange is rough-faced. Stellite 
was formerly used, making a cut !/\¢ in. deep, with a feed of 0.014 
in., at the same speed as above, 170 ft. per min.; the tool life was 
about 150 pieces per grind. Tungsten-carbide tools are averaging 
700 pieces each grind. The speed of these operations is at pres- 
ent limited by other tools, notably a reamer, on the set-up. 

Finish-facing of the same flange is then performed on another 
lathe. High-speed steel tools formerly used produced an average 
of 400 pieces per grind. Tungsten-carbide tools operating at a 
speed of 300 ft. per min., with 0.013 in. feed, average 12,000 pieces 
a grind. These tools do not give quite as smooth a finish on the 
work as did high-speed, but the big advantage of the former, aside 
from increased production, is the elimination of size variation. 
It was necessary for the operator to readjust the set-up several 
times during the life of a steel tool; with the tungsten carbide no 
adjustment is required throughout a day’s run, and no difference 
in size between the first and last piece can be detected. 

Another malleable-cast-iron application is that of line-reaming 
pinion bores of differential carriers. A double reamer 3°/s in. 
in diameter, each section having six blades, is run on one such 
job at 80 r.p.m., removing about 0.015 in. with a feed of 0.052 in. 
High-speed steel reamers produced an average of about 1500 
pieces per grind, and each reamer had a total life of about 6000 
pieces. The tungsten-carbide reamers average 9500 pieces per 
grind, and the life of a reamer is approximately 28,500 pieces. 
In this application better finish as well as less size variation is 
obtained with tungsten carbide. The rate of production, further- 
more, has been increased approximately 20 per cent, as the high- 
speed reamers were run at half the above speed with a little 
greater feed. 

In all the foregoing applications we may say that, though im- 


provements may still be expected, the use of tungsten-carbide 
tools has progressed beyond the experimental stage. These tools 
have been definitely adopted as standard on these jobs, simply 
because they have proved advantageous either from an economic 
or from a quality-of-product standpoint. 


Usg on Gray Cast Iron 


Certain pinion spacers are now made of malleable cast iron. 
In order to obtain greater crushing strength and to effect savings 
in material costs, it is desired to replace malleable with gray iron 
for these parts. Such a move, however, has not been found prac- 
ticable when using steel tools, on account of difficulties in facing 
and boring which have invariably been encountered whenever 
the substitution has been attempted. The method of performing 
these operations on the malleable spacers is to use two boring 
bars—one for the two bore diameters, another with two blades 
for facing both ends to length simultaneously—on a lathe, all 
cuts being about °/32 in. 

The advent of tungsten-carbide tools, however, is making the 
desired move possible. Experimental work on this job has not 
as yet been completed, but it is indicated that these operations 
will soon be carried out on gray-iron spacers on a drill press, using 
two double counterboring tools, each of which will face one end 
and bore the adjacent diameter. Each tool has six boring and 
six facing blades. The rate of production is expected to be 
double that of the present method. Not allowing for possible 
increased tool cost, the saving will probably be 1'/2 cent in labor 
and 1 to 2 '/; cents in material per piece, and in addition the part 
will be superior to its predecessor. 


Currinc ALLoY STEEL 


We have been cautious in applying tungsten carbide to the 
machining of steel. Nevertheless, there is at present one impor- 
tant job on which a saving is being made by its use. Bevel-drive 
gear forgings, usually of 3'/2 per cent nickel steel, were formerly 
made with minimum machining allowances of !/,.in. on backs and 
1/1 in. on faces. The initial operation was to take a fairly heavy 
facing cut from the backs of the forgings on heavy machines with 
high-speed steel tools. Owing to the powerful chucking required, 
an occasional forging was distorted so that when it was removed 
from the machine after the cut the back would not be quite flat. 
This condition caused trouble in subsequent operations. 

The present method is to specify 0.070 in. allowance for ma- 
chining on the face and to merely clean up the forge-shop excess of 
1/39 to '/i¢ in. from the back with a tungsten-carbide facing tool 
onalathe. This means that a comparatively thin cut is taken on 
a surface so abrasive and at a speed so high that a high-speed 
steel tool will not finish one piece. The remaining operations 
on the gear blank of turning, boring, and facing are handled in 
two set-ups on large vertical automatics. 

The speed of the initial facing cut on a typical forging, which is 
8'/, to 10 in. in diameter, is 120 r.p.m., or 267 to 314 ft. per min.; 
the feed is 0.020 in. A tungsten-carbide tool will face 150 to 175 
pieces per grind and will have a total life of 3000 to 4000 pieces. 
Ignoring the former cost of high-speed tools, we find that a tung- 
sten-carbide tool costing $24 and facing 3600 pieces does the work 
for ?/; cent per piece. Against this we place an actual saving of 
2 to 3 cents in material on each forging, an increase in production 
of finished gear blanks of at least 50 per cent (on a man-hour 
basis) and the elimination of warping troubles; the answer is 
obvious. It should be mentioned that some difficulty was ex- 
perienced in obtaining a lathe which would stand up under the 
high speeds required to make this facing operation economical, 
and that before such a lathe was used the tungsten-carbide 
tools gave much trouble in chipping as a result of lack of 
rigidity. 
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UNSUCCESSFUL APPLICATIONS 


It is natural that, in seeking for applications on which tungsten- 
carbide tools will improve the product or lower costs, some 
failures will occur. It is fully as important, in the interests of all 
concerned, we believe, to record operations to which these tools 
seem to be unadapted as it is to broadcast their successes. 

We have been unable to make a cutting-off tool for automatic 
screw machines which operates successfully; every tool chips very 
quickly. 

We have not been able to make a tungsten-carbide tool work 
satisfactorily on vertical spindle automatics. This is not the 
fault of the machines; the operations on which we have at- 
tempted to use these tools made impossible the rigid support 
near the cutting edges which is so necessary with tungsten car- 
bide, and the overhang permitted sufficient vibration to cause 
chipping. 

This material has also proved ineffective in rough-turning the 
outside diameter of the flange of a certain differential case of 
malleable cast iron, owing to the irregularity of depth of cut. 

We are still having some difficulty in either purchasing or 
manufacturing multiple-edged facing tools from which the tung- 
sten-carbide blades will not pull out during operation. 

We are attempting to face the backs of differential side gears; 
though we have some hope of ultimate success, our efforts have 
thus far produced but erratic results. A flat-faced tool */, in. 
wide feeding forward into the work 0.0017 in. each revolution 
under a speed of 100 ft. per min. has not performed consistently. 
In one case, for example, 4700 pieces were faced in this manner 
before the tool needed regrinding; another time the tool broke so 
badly that it was ruined when less than 2000 pieces were faced. 
In fact, we may say in general that the heavy pressures en- 
countered in facing with a flat-nosed tool or in end-milling have 
made these operations very difficult to perform with tungsten- 
carbide tools. The locking of the tips or blades as mentioned 
seems at present to be the only solution to this problem. 


CONCLUSIONS 


It is evident, from our experience, that tungsten-carbide tools 
are to have an important place in the fabrication of ferrous 
metals. The occupying of this place will come, however, only 
after careful investigation of all likely applications, and progress 
in this direction will necessarily be gradual and slow, especially 
in view of the very high price which must at present be paid for 
the material. Although it is further evident that the next move 
in the continuous battle between machines and tools is now up to 
the machine builders, we nevertheless firmly believe that the 
future of these materials as factors in efficient manufacturing is in 
the hands not of the makers of the tool materials nor the builders 
of the machines but of the users of machine tools. 

We wonder, also, as to the fate of the present tungsten-carbide 
mixtures when they shall be required to work on machines which 
have begun to grow a bit old in service. Will it be possible to 
construct machines that will remain sufficiently rigid and vibra- 
tionless, throughout lives of reasonable length, to permit these 
tool materials to operate without chipping? Or will it become 
necessary to develop new alloys, possibly with tungsten-carbide 
as the base, but containing larger amounts of cobalt or other 
metal, which will be stronger and tougher than the present 
materials, even at some sacrifice of hardness? These are ques- 
tions which must soon be answered. 


Discussion 


There is much that can be said of 
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cemented tungsten-carbide for cutting tools, and I consider that 
a discussion of the Carboloy form of structure, when viewed from 
the right angle, is nothing other than helpful. 

A report such as is given in this paper, coming at a time when 
there is so much interest in and increased use of the Carboloy 
tungsten-carbide-cobalt tool, will be valuable. 

That Carboloy tools hold their cutting edges, have a longer life, 
and operate at higher speeds than heretofore is generally con- 
ceded. That they will machine materials readily that are re- 
sistant to other types of cutting tools will compel their adoption 
in factory practice where high production is the key to success. 

To correct a somewhat misunderstood idea of the tungsten- 
carbide-cobalt structure, it is well to point out that while the 
bases are metallic it is not a metal in the usual sense, such as iron 
or steel. It is a cemented product, fabricated under careful 
laboratory supervision and subjected to great pressure and to 
intense heat in a hydrogen atmosphere until it becomes a hard 
material. It is hard because tungsten-carbide is inherently hard 
and cannot be changed in that characteristic; it is held in a cobalt 
bond, which gives toughness; and this results in a material 
suitable for cutting tools. 

It is a costly material, as will be readily sensed from the intri- 
cate process of manufacture; but when put in production the 
cost is so quickly absorbed in the increased and in many instances 
better output that its use becomes almost imperative. 

There is no reflection to be made on the advance attained in 
older practice with high-speed steels and the like; they have made 
excellent records and deserve all the good things that can be said 
of them; but Carboloy-type tools have entered the lists in the 
battle of intense production and have made such wonderful 
progress, some of it unexpected, that their utility and value are 
established and carry the assurance of their having a permanent 
place in the intensity of modern-day production. 


AUTHOR’sS CLOSURE 


A few new developments in the fabrication and use of tungsten- 
carbide tools, which have occurred since the paper was delivered, 
may be worthy of note. 

A very successful method of brazing, which is now used by the 
company with which the writers are associated, consists of cutting 
pieces of sheet brass not over '/s in. thick to fit the sides of the 
seat of the tungsten-carbide tip, fitting the pieces and the tip 
into the seat, and heating the whole until the brass is melted; 
this insures a continuous joint and demands very little skill, as 
practically no flow of the brazing metal is required. It is en- 
tirely possible that equally good or better results can be obtained 
with sheet copper. 

In the operation mentioned in the paper, of line-reaming pinion 
bores of differential carriers, we now seem to be obtaining an 
average of over 20,000 pieces per grind, instead of the 9500 
pieces reamed per grind at first. 

The operation of facing and boring gray cast-iron pinion 
spaces, at the time the paper was presented in the experimental 
state, has been clearly proved successful, and we are proceeding to 
make the changes in our material and manufacture as outlined. 

The problem of turning the outside diameter of differential 
case flanges, previously reported as being too much for tungsten- 
carbide tools, has recently shown encouraging signs, and it is 
possible that in the future these tools will be used on this operation. 

We can say with certainty that there is considerable difference 
in hardness and, what is perhaps of greater significance, toughness, 
between various brands of tungsten-carbide tool materials. In 
fact, some of the new developments just mentioned, as well as 
other improvements in the performance of these tools, may be 
ascribed to the substitution of different brands for those used 
initially. 
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Progress of Fluid-Film Lubrication 


By A. G. M. MICHELL,' NEW YORK, N. Y. 


This paper discusses briefly problems of bearing design imposed 
by the increasing demands of modern practice, and shows how they 
are being met in bearings of the film-lubricated type, especially 
with respect to carrying high intensities of bearing pressure in 
journal bearings, and to increasing the durability of bearings by 
elimination of wear. Some commonly unrecognized factors con- 
trolling the lubrication of bearings are discussed, especially with 
respect to lubricants other than oil. 

Some new types of bearings are illustrated and described. 


r I NVHE scope of this essay is limited by the author’s personal 
ambition in the field covered by its title. In other words, 
it is restricted to the art of lubrication according to the 

so-called hydrodynamical theory, and to bearings designed on 

that principle. It deals almost exclusively with journal bearings, 
referring only incidentally to thrust bearings, since film-lubricated 
thrust bearings are well known in this country through the 
developments and investigations of Prof. Albert Kingsbury. 

In this connection the author 

avails himself of the opportunity 

to explain that the pivoted thrust 
bearings known in America and 

Europe respectively as the 

“Kingsbury” and “Michell” 

bearingsare in principle the same, 

and to state that the develop- 
ment of these bearings was 


It fortunately appears, according to the hydrodynamical 
theory, that the power lost in friction also diminishes as the 
intensity of pressure is increased. At the same time, provided 
due regard is had to the conditions, there need be no diminution 


‘of the bearing’s fourth possible negative virtue, namely, ab- 


sence of wear. 

Roundly speaking, therefore, progress in bearing construction 
consists in finding safe methods of increasing the intensity of 
bearing pressures. In order to do so we must not only form the 
bearing surfaces suitably, as the hydrodynamic theory instructs 
us to do, but must also provide for the supply of the lubricant 
which the theory postulates, and for the abstraction of what- 
ever heat is unavoidably generated. 

How far existing journal bearings fall short of the ideal of 
negligible size and cost may be appreciated from Fig. 1. This 
shows a typical large turbo-alternator with its journal bearings, 
one of which is incorporated in a common casing with the adja- 
cent journal bearing of the turbine and with the coupling con- 
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effected in its early stages by Pro- 
fessor Kingsbury and _ himself 
independently in their respective 
countries without knowledge of 
each other’s work. Professor 
Kingsbury’s work was com- 
menced a few years earlier, 
though his first publication on 
the subject was later than the 
author’s. The author also takes 
the occasion to note the improper omission of Professor Kings- 
bury’s name in some recent European publications, in which are 
described not only the principle of the bearing but actual con- 
structions effected by the latter and his associates. 

Unlike these thrust bearings, film-lubricated journal bearings 
designed on the hydrodynamic theory are apparently not widely 
known nor their principle understood. 


DesIDERATA IN MACHINE BEARINGS 


To the machine designer all bearings are of course only neces- 
sary evils, contributing nothing to the product or function 
of the machine; and any virtues they can have are only of a 
negative order. Their merits consist in absorbing as little 
power as possible, wearing out as slowly as possible, occupying 
as little space as possible, and costing as little as possible. 

A bearing is obviously apt to meet the last two of these de- 
siderata in proportion as its bearing surface is diminished; 
or, since the load to be carried is nearly a predetermined quantity, 
in proportion as the intensity of pressure on the bearing surface 
is increased. 

1 Michell-Crankless Engine Corp. 


Presented at a meeting of the Metropolitan Section of the A.S.M.E., 
New York, N. Y., May 17, 1929. 
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necting the two shafts. The diameter of the shaft is 21 in. 

The set of three bearings and the coupling occupy a total 
length of 18 ft., as compared with 14 ft. which is the length of 
of the useful part of the alternator between its bearings. That 
manifest disproportion has been brought about because the 
designer, working on conventional lines, has not been prepared 
to load the bearings to more than about 60 Ib. per sq. in. of the 
projected area of the journal surface. Still lower intensities of 
pressures, about 25 lb. per sq. in. of projected surface only, 
have continued to be the rule for many years in another im- 
portant class of large journal bearings, namely, marine pro- 
peller-shaft bearings. such cylindrical-shell bearings have in- 
deed made little or no progress toward meeting the desiderata 
above mentioned since the beginning of this century. At that 
time it was usual to point to the then existing forms of thrust 
bearing as being lamentably inferior to cylindrical journal 
bearings in load-carrying capacity and efficiency. The con- 
structive application of the hydrodynamical theory of lubrication 
to the thrust bearing by Professor Kingsbury and the author re- 
versed the relative position of the two bearings, leaving the un- 
regenerated journal bearing almost as far the inferior as it had 
previously been the superior. A general reformation of journal 
bearings to restore their position has been long overdue. It 
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is the object of this paper to suggest how this is to be done, and 
to illustrate briefly what is actually being accomplished at the 
present time. 

Very many and able papers, of which members of this Society 
have contributed their full share, have been written on the jour- 
nal bearing, but they have been devoted rather to the investiga- 
tion of the somewhat intricate properties of the conventional type 
than to the development of any new or improved type. Even 
so, the mathematical theory of the conventional journal bearing 


Fic. 2) SEMICYLINDRICAL AND PLANE BEARINGS 


p= 


-where A: 
Fia. 3 


is far from complete, and the outstanding differences between it 
and the plane bearing do not seem to have been fully appreciated. 


Tue In JoURNAL BEARINGS 


In both the plane and the cylindrical bearing the essential 
feature is the existence of the two bearing surfaces—one con- 
tinuous in the direction of motion, the other discontinuous — 
sliding with respect to one another and to the interposed film of 
lubricant. In both cases it is essential that the film shall be 
of varying thickness, and of generally diminishing thickness in 
the direction of motion. 

Fig. 2 shows, juxtaposed, two views, which will each be 
familiar, of a plane and a semicylindrical bearing, each with a 
more or less wedge-shaped film. In each case the surface AB 
is the continuous, and C'D the discontinuous surface. Reference 
will be made again later in a different connection to this dis- 
tinction between the continuous and discontinuous surfaces, 
the importance of which, in some of its relations, does not seem 
to have been fully realized. 

The most significant difference between the cylindrical bearing 
and the plane bearing is that while in the plane bearing the 
convergence of the wedge film is necessarily uniform throughout 
its extent, in the cylindrical bearing the same film may be 
converging and diverging at different points. Thus in the 


cylindrical bearing shown in Fig. 2, the interspace diverges from 
C to E, and then converges from E to D. In the plane bearing, 
moreover, the surfaces necessarily come into contact over the 
whole of their common extent. when the thickness of the wedge 
film is diminished to zero. In other words, both surfaces have 
the same—in this case zero—curvature. In the cylindrical bear- 
ing the curvatures may differ, so that contact bet ween the surfaces, 
the film being removed, is upon a line only. These trite and 
elementary distinctions have been stated at some length in order 
to formulate what is the main practical thesis of this paper, 
namely, that to attain success the characters of the journal 
bearing should be assimilated to those of the successful thrust 
bearing. If this view is adopted unreservedly, three maxims 
may be stated for the construction of successful film-lubricated 
journal bearings. These are: 


GENERAL AXIOMS FOR THE SUCCESSFUL DESIGN OF 
JOURNAL BEARINGS 


1 The wedge film should be wholly converging in the direc- 
tion of motion of the continuous surface, that is, the journal. 

2 The two surfaces should have the same curvature. 

3 The discontinuous element must be pivoted, this being 
the only known method of producing with certainty the proper 
convergence of the wedge film. Time available will only permit 
a brief and incomplete justification of these axioms. 

Non-recognition of the first, that is, continuous convergence, 
has apparently been due to the fact that mathematical solutions 
hitherto given cover only the imaginary case of a bearing of 
infinite width in the direction of the axis. It has been demon- 
strated that in such infinite bearings even diverging sections 
of the oil film can contribute to the generation of pressure pro- 
vided that they are followed by strongly converging sections. 
It is easy, however, to see that the bearing of limited width is 
in a quite different condition from the infinite bearing, with 
respect to the effects of divergence. In the infinite bearing the 
only boundary condition affecting the internal pressures is the 
existence of atmospheric pressure at the leading and trailing 
edges. In the bearing of limited width the pressure is also lim- 
ited to atmospheric along the two sides of the bearing, and 
unless the bearing is extremely wide, this boundary condition 
is far more important than that of the leading and trailing edges. 

By way of illustration, consider a fitted bearing which em- 
braces 120 deg. of a journal, as shown in Fig. 3, the width of 
the bearing being equal to the radius of the journal, and the 
thickness of film at the inlet double the thickness at the outlet, 
thus complying with the accepted rule for plane bearings. A 
simple calculation shows that the respective areas of the leading, 
trailing, and side openings between journal and bearing are in 
the proportion of 2:1:10.3. In other words, the oil which enters 
the interspace at the leading edge has more than 10 times as 
great areas by which to leave at the sides as at the rear. Pres- 
sures are accordingly determined almost entirely by the con- 
ditions at the sides, not by those at the front and rear; and the 
two-dimensional solution conveys a wholly false idea of the 
conditions. A much more useful approximation in such a case 
can be obtained by assuming that the bearing is indefinitely 
narrow in comparison with its width. On this assumption 
the simple formula under Fig. 3 gives the pressure at all points 
of the bearing. It must be remembered, however, that the 
formula is not applicable to the portions of the bearing near 
its leading and trailing ends. 

In the figure, the origin of the circumferential coordinate 
is at O, which is the point at which the circumference of the 
bearing is farthest from the circumference of the journal, @ being 
zero at that point. The formula applies not only to the “fitted” 
bearing, but also to bearings in which the shell is of larger radius 
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than the journal. The immediate application which the author 
wishes to make of the formula in Fig. 3 is to point out that the 
pressure p is only positive where @ is positive; that is to say, 
where the interspace is converging. The divergent portion of 
the bearing, where @ is negative, can generate only negative 
pressures, and is therefore worse than useless since the negative 
pressures counteract positive pressures in the converging section 
in so far as their effect in supporting the load is concerned. 

Something can of course be said in mitigation of this conclusion 
for practical cases where the bearing is of relatively considerable 
width, but in view of the fact that a diverging element of film 
contributes as much frictional resistance as a corresponding 
converging one, the use of a diverging film seems impossible to 
justify in any case. 

The second axiom, namely, that the curvature of the two 
surfaces should be equal, the bearing being thus what has been 
called a “fitted’’ bearing, rests mainly upon practical considera- 
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tions. One of these is that to make the bearing element of equal 
curvature with the journal is the only generally practicable 
method of making its surface in any sufficiently accurate rela- 
tionship thereto. The relation of equality is easily made and 
easily checked in the first instance, and easily restored by any 
competent mechanic. The most serious defect, however, of 
the bearing in which the step is of greater radius than the journal, 
is that the effective area of the fluid film diminishes rapidly as 
the load on the bearing is increased, so that the maximum 
intensity of fluid pressure increases much more rapidly than the 
load. Although extremely thin films may be stable, as shown, 
for instance, by Stanton, the coefficients of friction in such 
cases are apt to be much higher than in films of normal thick- 
ness, and the danger of seizing is imminent. 

Axioms 1 and 2 together, if accepted, impose further condi- 
tions on the features of the bearing. 

It is obvious by inspection of Fig. 4, which shows the equal 
circles of curvature of a fitted journal and bearing, that the 
maximum possible arc subtended by the bearing without di- 
vergence is 90 deg., from O to P, and in that case the film thick- 
ness is zero at the trailing end and the rate of convergence is 
zero at the leading end. With an arc of 60 deg., the ratio of 
film thicknesses at leading and trailing edges may be the standard 
2-to-1, but if so there is still only a zero rate of convergence at 
the leading edge. The axioms stated therefore imply the use 
of bearing arcs of less than 60 deg. Arcs of approximately 45 
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deg. appear to be most advantageous on the whole. This point 
being accepted, it is at once obvious that in order to make use 
of any large portion of the surface of the journal, it is necessary 
to have more than one of such bearing arcs to carry the load. 

For this arrangement there is a still more cogent reason. 
It is that it is very rarely in practice that the direction of loading 
of a journal bearing is determined, or is in fact constant, within 
a small fraction of 45 deg., as it must be to make a single bearing 
surface of that angular extent of use. Often the load in a given 
bearing may be applied in almost any direction, or successively 
in all directions. Such a condition can be met by arranging 
bearing arcs each of about 45 deg. all around the circumference. 
We recognize immediately, however, the extreme difficulty of 
forming such arcs on a single bearing shell in such relationship 
to each other as to insure that the journal will take up a correct 
running position upon one of them, under all possible conditions 
of load. 


Fic. 6 JourNaL Beartne Wits Six Pivorep 
BEARING ELEMENTS 


The only recourse is acceptance of the third axiom—that the 
bearing elements must be pivoted—as shown diagrammatically 
in Fig. 5. Fig. 6 illustrates a simple example of the resulting 
construction, in which it will be seen that 6 pivoted bearing 
elements, each subtending about 45 deg., are arranged around 
the circumference so that in whatever direction the journal is 
loaded it is efficiently supported by at least two of the elements, 
which are free to turn upon their pivots so as to present their 
working surfaces in correct relation to the journal. This ad- 
vantage of the pivoted element accrues of course over and above 
its fundamental function, namely, the automatic determination 
of the desired distribution of load over each single element. 
Pivoting secures the still further advantage that overstressing 
of the element by local contact with the journal is wholly excluded, 
even up to the edges. 

A more elaborate example of the multiple-pad construction 
is shown in Fig. 7, which is a bearing designed for a 21-in. hori- 
zontal shaft. It is indeed a bearing which could be substituted 
for the journal bearings of the alternator illustrated at the be- 
ginning of this paper, with the advantage of higher efficiency, 
greater immunity from wear, and, more obviously, of saving 
in space occupied. The intensity of pressure on the projected 
area of the journals has been raised from 60 to 220 Ib. per sq. in. 


EXAMPLE OF JOURNAL-BEARING CONSTRUCTION 


In Fig. 8 the same alternator is shown with three conventional 
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bearings, as in Fig. 1, and with three film-lubricated, pivoted 
segment bearings according to Fig. 7, the resulting saving in 
length of the unit being 8'/, ft., and the bearings and coupling 
now occupying only 65 per cent of*the length of the alternator 
instead of 125 per cent. Many such journal bearings have now 


been installed with success. Perhaps it does not need to be said 


AN EXAMPLE OF MuLTIPLE-Pap BEARING CONSTRUCTION 
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that their development to the 
present form has not been by 
quite the simple and logical proc- 
ess set out in this paper. A 
good many incidental difficulties 
over and above the essential 
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considerations which have just 
been dwelt upon and not ap- 


Another objection that may be raised is that the increased 
intensity of pressure, even though it results in a lesser total 
production of heat as the theory indicates, involves a greater 
intensity of generation of heat per unit area of surface and 
hence a higher working temperature. The objection contains 
a fallacy, inasmuch as the oil acts as a conductor of the heat 
generated. 


DissipATION OF Heat 


The theory shows that, other conditions being constant, 
the heat generated varies directly as the square root of the in- 
tensity of pressure. The oil film, however, varies in thickness 
inversely as the same square root, and consequently its con- 
ductive power increases pari passu with the heat generated 
and the temperature difference is unchanged by increase of the 
intensity of pressure. The formula, in fact, for the excess of 
temperature at the middle plane of a film of thickness 2h, be- 
tween surfaces moving at the relative velocity V, is simply 7 = 
uV?2/C, involving neither the load nor the film thickness. 

It is assumed of course that the necessary provision is made 
for dissipation of heat from the bearing as a whole, either by 
cooling the circulated oil externally or otherwise. 


SuprLy or LuBRICANT 


And this brings the author to his second main thesis with re- 
gard to the progress of film lubrication, which is to point out 
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parent at first sight, have had 
to be elucidated and overcome. 
The journal bearing presents 
numerous peculiarities which do 
not arise in the thrust bearing. 
Nevertheless, the first bearings 
of this type, installed in Aus- 
tralia in 1912, are still operating 
successfully, and the number and 
variety of successful applications 


is now very considerable. Sev- 


eral illustrations will be shown 


later. 

It is sometimes objected that 
the proposed higher intensities 
of pressure involve reduction of 
the film thickness to the point 
of danger. Calculation shows, 
however, that even with oils 
of the low viscosities advocated 
for use in these bearings, the 
minimum film thickness of the 
alternator bearing above illustrated is 1.4 thousandths of an inch 
(0.0014 in.), which is certainly a very safe figure for pads whose 
bearing surface is only about 10 in. square. The low mean in- 
tensity in the conventional bearing indeed defeats its own object, 
since the necessary journal becomes so long and flexible, and the 
long shell so subject to deformation, that concentration of pres- 
sure at the ends, or some intermediate point, is virtually certain. 
The oil film is reduced at such points to a thickness far less than 
the minimum in a well-designed pivoted bearing. 


Fic. 8 Savine LENGTH oF ALTERNATOR OBTAINED BY SuBSTITUTING FiLM-LUBRICATED, 
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briefly what are the chief demands of the modern type of bearing 
with regard to the quality and supply of lubricant. 

For efficiency of the bearing the theory explicitly demands 
only that the oil shall have a suitable degree of viscosity. Some 
conditions are, however, tacitly presupposed. 

In the first place, of course, chemical inoffensiveness and 
mechanical cleanliness, especially freedom from solid particles 
in suspension. Thanks to the high development of oil refining 
and of modern centrifuging apparatus, these conditions can now 
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be readily complied with. Other tacitly assumed properties of 
the lubricant are sufficient degrees of specific heat capacity or of 
conductivity, the one supplementing the other. Actually, 
however, no liquid ordinarily used as a lubricant is markedly 
deficient either in conductivity or in heat capacity. In addition, 
however, it is very desirable that a lubricating fluid should have 
such properties as secure a certain degree of immunity from 
partial, or momentary, failure of compliance with the conditions 
of the theory, and it is here that some otherwise eligible lubri- 
cants fail. More especially the lubricant should not be volatile, 
at least in all its constituents, at any temperature likely to be 
produced in the bearing, even accidentally. 

It is apparently for this reason that the lighter distillates of 
mineral oil are not satisfactory as lubricants under practical 
conditions, since they prove perfectly satisfactory in laboratory 
tests in which the conditions of film lubrication are strictly com- 
plied with. Being apt to volatilize wholly when incipient 
metallic contact occurs with local generation of heat, they 
allow the contact to become complete, where a compound oil 
would leave a heavy residuum between the surfaces. In view 
of the continually rising surface speeds required in modern 
bearings, and the low viscosity which is consequently desirable 
in their lubricants, the author would suggest that there is in- 
creasing need for the development of a class of light lubricating 
oils not subject to the defect of volatility, or rather, distillation. 

It is apparently not always realized that the hydrodynamic 
theory is dependent on the possibility of the implied temperature 
conditions. For instance, in the so-called complete cylindrical 
bearing, a theoretical solution has been given, as illustrated in 
Fig. 9, with a continuous fluid film varying in thickness, sub- 
jected to shearing stress all around the journal. Consider, 
however, a particular layer of this fluid as indicated by the black 
line LL, separated from the remaining fluid by two circles, 
imaginary or material. If from any cause the temperature of 
this layer becomes slightly higher than that of neighboring 
layers, with consequently lowered viscosity, its rate of shear will 
become greater, while the shearing stress in it will remain the 
same, as in them. Consequently the energy lost in friction will 
be greater in this layer than in those adjacent, and its existing 
excess of temperature will increase, and continue to do so in- 
definitely. The assumed condition of shear is consequently 
unstable, and the assumed solution is fictitious. It has, the au- 
thor believes, always been instinctively considered so by many 
engineers. 

Fluid-film bearings of practical types, in which, as already 
pointed out, one of the surfaces is always discontinuous, are not 
affected by the same fallacy because in them the oil is con- 
tinually being replaced from an external supply. 

The question is often raised: What is the special character- 
istic of the fluids classed as “oils,” by virtue of which they are 
used almost exclusively as lubricants in machine bearings? 
No quite satisfactory answer appears to have been given, or at 
least there is no agreement as to what is the true answer. 

One factor is evidently the surface-tension characteristic, 
especially relatively to metals, by reason of which oils insert 
themselves into every narrow interspace between a pair of sur- 
faces of metal, and thus provide the first condition essential for 
the formation of a lubricating film, namely, that the lubricant 
shall be present. 

Water, in other respects well adapted to act as a lubricant at 
high surface speeds, does not possess this property, and the same 
characteristic applies to most fluids which can be named except 
complex organic liquids such as oils, and to the mixtures of 
organic liquids and solids which are known as greases. 

There appears to be an impression that by reason of their 
containing plastic solid constituents, greases necessarily form 
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thicker lubricating films than liquid lubricants. This idea 
seems to be derived from the general experience that greases 
are safer lubricants than oils where only rough fitting of, the 
bearing parts can be attained, or where grit is unavoidably 
present. The idea is nevertheless erroneous. 

Bingham and others have shown that corresponding to the 
usual viscosity equation for oils, namely, 


we have for greases the equation 


1 
r 


(f — F) 


f being the shearing stress at any point of the film and F a con- 
stant characteristic of the grease. 
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Since shear actually occurs, f must be greater than F. From 


{1] it follows that 


1 1 6p 


and if we are dealing with a bearing of finite width, 


1 1 dp 


by by 
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Now these are exactly the same equations between U and p 
as apply in liquid lubrication, so that the flow and film thickness 
in a grease-lubricated bearing are exactly the same as in a 
bearing lubricated by oil of the same viscosity. In the grease 
bearing the shearing stresses are everywhere higher than in the 
oil bearing by the constant F, but the pressures generated are 
exactly the same, and the bearing is therefore necessarily less 
efficient. 

The relative safety of greases appears to arise solely from 
the presence of the fusible solid constituents which resist distilla- 
tion at points of incipient seizure, besides absorbing heat in their 
conversion from solid to liquid form. 

Fig. 10 shows a typical example of a pivoted journal bearing 
of the type which is now being fitted in large numbers on marine 
propeller shafts. The chief advantages of the type in this 
application, apart from increased efficiency, are that each bearing 
is entirely self-contained with respect to oil circulation, and is 
practically immune from the trouble due either to misalignment 
or to straining of the ship in a seaway. The last feature is due 
mainly to the fact that the bearings are equally as capable of carry- 
ing forces applied by the journal upward, or horizontally, as 
downward. 

Shaft bearings of the largest size are now being fitted by 
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the British Navy as well as by the mercantile marine, and now 
appear to be regarded with the same favor by seagoing engineers 
as the pivoted thrust. bearing. 

Fig. 11 shows the application of a bearing of the same type, 
as a tunnel-shaft bearing, in one of the wing tunnels of a multiple- 
shaft ship. The special feature of this bearing is its adaptation 
to the small space available, including provision for access. 
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steam or otherwise. In the older type of rolls, the heat generated 
in the bearing, added to that conducted to it by the rolls, often 
produced temperatures higher than any available lubricant 
would endure. 

Fig. 12 illustrates a type of pivoted bearing which has been 
developed quite recently for carrying both an axial and a trans- 


verse load. That is to say, the bearing is capable of functioning 
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Similar bearings are used in rolling and calendering machines 
in the paper and textile industries. For these applications 
immunity from wear is often particularly important in order 
that the pairs of rolls may be kept in accurate adjustment to 
each other when a thin material is being rolled. The high 
efficiency of the bearing is especially important when the process 
effected by the rolls requires that they should be heated by 


simultaneously as a journal bearing and-a thrust bearing, or as 
either alone. In this construction the shaft is fitted with a pair 
of conical collars, which are supported on an annular series 
of pads pivoted in the casing of the bearing. Each pad has two 
faces, one of which coacts with each of the collars. The line 
normal to each of the pad faces, at its intended center of pres- 
sure, passes through the center of the ball, so that the pad is 


ATS = \ SS 
| S47, AA 
5 < Yj \\ 
) 
= UY 
| | 
“ 
<\ 
4 


acting upon one or the other of the pad faces or simultaneously on 
both. In the former case, of course, the bearing is acting as a 
thrust bearing, at least mainly; in the latter case, as a journal 
bearing. 

The main advantage of this type of bearing over separate 
thrust and journal bearings is its compactness, and especially 
the reduction in axial length of the shaft. By such shortening, 
bending moments in the shaft can often be greatly reduced. 
The bearing is especially useful when the shaft carries a heavy 
member overhung from the bearings and such member exerts 
a thrust, as in the case of airplane and other propellers. An- 
other application where the bearing would seem to be very 
advantageous, would appear to be as the main bearing of lathes, 
mandrels, grinding-wheel spindles, and similar machine tools, 
but the application has not yet been actually made to these 
purposes. 

Fig. 13 is a test diagram of such a bearing for an aero-pro- 
peller shaft. Journal bearings of the cylindrical type have 
for some time been very successfully applied to this purpose in 
combination with the usual plane type of pivoted thrust bearing. 
In one such case, however, in which close comparison was made, 
it was found that a cylindrical journal and plane thrust bearing 
required a length of 10'/, in., which could be reduced to 4'/, 
in. by adoption of the combined bearing of the new conical 
type. 


SOME LUBRICATION DEVELOPMENTS 


OLLOWING the presentation of Mr. Michell’s paper, Mavo 

D. Hersey? was called upon by the chairman to present 
informally a brief historical outline of the theory of lubrication 
and of the experiments on which it is based. 

Mr. Hersey stated that the greater part of what he had to say 
would be taken from the numerous papers listed in the Com- 
mittee’s bibliography, which was published in the Transactions 
of the Society for 1928 as an appendix to the report entitled 
“Progress in Lubrication Research.’”’? Some additional refer- 
ences to more recent publications will be found at the end of 
this abstract. 


Britisu INVESTIGATIONS 


The British contributions to the development of lubrication 
are the most familiar to us, and it is a fact that the science of 
lubrication as we understand it today is an outgrowth of the 
hydrodynamic theory by Prof. Osborne Reynolds of the Man- 
chester College of Technology, published in 1886, and which 
was based upon the well-known experiments of Beauchamp 
Tower, published by the Institution of Mechanical Engineers 
in 1883. 

The theory was extended to flat surfaces by A. G. M. Michell, 
author of the preceding paper, in a previous one published in 
1905. This solution for the first time carried the problem into 
three dimensions, taking proper account of side leakage, a ques- 
tion which has not yet been worked out mathematically for 
journal bearings. This was followed by Michell’s development 
of the pivoted-segment thrust bearing, which dates back to his 
British patent of 1905. As Mr. Michell has just stated, the same 
type of bearing had been independently developed by Mr. 
Kingsbury in the United States at an earlier date, although no 
description was published prior to Mr. Kingsbury’s American 


* Chairman of A.S.M.E. Special Research Committee on Lubri- 
eation. Chief, Friction and Lubrication Section, U. S. Bureau of 
Standards, Washington, D.C. Mem. A.8.M.E. 


* Trans. A.S.M.E., 1928, APM-50-4, with further discussion in 
Mechanical Engineering, vol. 50, July, 1928, pp. 682-683. 
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effectively pivoted at that center, whether the bearing load is 
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patent of 1910. Both inventors based their work on the theory 
of Osborne Reynolds. 

The mathematical theory was further extended by Harrison 
in 1913. This investigation made use of Sommerfeld’s theory 
together with Mr. Kingsbury’s experiments on an air-lubricated 
journal, both of which will be mentioned later. Harrison ex- 
tended the hydrodynamic theory to compressible liquids and 
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showed that the theory was supported by Mr. Kingsbury’s 
experiments. The theory has been further elucidated and 
applied by H. M. Martin in several papers published in Engi- 
neering. 

Numerous papers by Sir William B. Hardy, the present 
Chairman of the Lubrication Committee of the Department of 
Scientific and Industrial Research, have gone into the subject 
of “boundary lubrication,” beginning about 1919. This is the 
problem that we call ‘‘oiliness,’’ and which was first scientifically 
investigated by Mr. Kingsbury in his paper presented in 1902. 
While Hardy has been investigating boundary lubrication 
from the chemical and molecular standpoint, Dr. T. E. Stanton, 
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Superintendent of the Engineering Department of the National 
Physical Laboratory in England, has studied the question from 
the standpoint of the engineer who is designing and operating 
bearings. 

The results of experiments on the viscosity of lubricating oils 
under high pressures were published by J. H. Hyde of the Na- 
tional Physical Laboratory in 1920, as a part of the Report of 
the Lubricants and Lubrication Inquiry Committee of the 
Department of Scientific and Industrial Research. 

Michell in 1923 contributed a chapter on “Viscosity and Lubri- 
cation” to the collective work published by Blackie & Son, 
Ltd., entitled “The Mechanical Properties of Fluids.” Mr. 
Michell’s treatise was later translated into French and published 
separately by Gauthier-Villars, Paris, 1926. 

The theory of fluid-film lubrication was comprehensively 
brought up to date and published in book form in 1928 by R. O. 
Boswall (1), including approximate methods for taking into 
account the effect of temperature on the viscosity of the film. 


FRENCH AND GERMAN PUBLICATIONS 


Proceeding to consider the work done in France, very little 
appears to have been published touching the hydrodynamic 
theory other than a paper by Havre, entitled “Etude Théorique 
et Pratique sur le Graissage,’’ and the treatise by Michell al- 
ready mentioned. Original investigations of primary importance 
have, however, been published both by Paul Woog and by J. J. 
Trillat in the field of oiliness research, leading to a theory of 
molecular orientation which has been verified by X-ray ob- 
servations. 

Theoretical developments in Germany date from the classical 
treatise of Sommerfeld in 1904, published in the Zeitschrift 
fiir Mathematik und Physik. Michell’s paper on flat surfaces 
appeared in this same journal in the year following. 

Gimbel’s investigations beginning in 1914 included an ap- 
proximate treatment of oil grooves and end effects, and were 
posthumously published in book form at a later date after 
editing by Everling. Experimental investigations to determine 
film thickness in journal bearings by electrical and optical 
methods have been published by V. Vieweg of the Physikalisch- 
technischen Reichsanstalt, beginning in 1922. Prof. G. Duffing 
of Hamburg published a more detailed treatment of the mathe- 
matical theory in 1924. A general treatise on the theory and 
practice of lubrication, entitled, “Grundziige der Schmier- 
technik,”’ by E. Falz, appeared in 1926. Hummel (2), in 1926, 
investigated the action of the oil film in regard to shaft vibrations. 
Dr. Kiesskalt of the Technical School at Karlsruhe investigated 
the subject of viscosity under high pressure, and published his 
results in 1927. Optical experiments for determining film 
thickness in railroad bearings were conducted at Gottingen by 
R. Wolff (3), and published by the Verein Deutscher Ingenieure 
in 1928. Wolff concluded that the films were thicker than could 
be accounted for by the hydrodynamic theory alone without 
reference to oiliness. 

Petroff, in Russia, had published a formula for the frictional 
resistance of concentric journal bearings as early as 1883. It 
remained, however, for Osborne Reynolds, three years later, to 
formulate the basic principle of the converging film, without 
which we should not understand the manner in which the fluid 
pressures are generated which support the load. 


Tue Work or Kingspury AND oF HowartTH 
The European work just reviewed has been paralleled and 
to some extent anticipated by similar investigations in the 
United States. Albert Kingsbury in 1888 or 1889, working 
in the laboratory of Professor Thurston at Cornell University, 


4 See reference (1) in appended bibliography. 
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found that certain differences in friction, which had been at- 
tributed to the composition of the bearing metals, disappeared 
when sufficient care was taken in accurately fitting the bushings 
to the journal. About 1895 Mr. Kingsbury discovered by 
microscope observations on mild steel in a cutting-off operation 
that the lubricant is drawn into the space between the bottom 
of the chip and the top surface of the tool as a result of the partial 
vacuum formed in the crack which precedes the point of the tool. 
His air-lubricated journal bearing was demonstrated in 1896 
and described in a paper published in the Journal of the American 
Society of Naval Engineers the following year. In this experi- 
ment the first measurements of the eccentricity of the journal 
and of the corresponding thickness of the lubricating film were 
made, together with measurements of journal friction as dis- 
tinguished from bearing friction. 

The first friction measurements of Kingsbury thrust bearings, 
together with actual photographs of the bearings, will be found 
in theses by H. C. Baker and H. N. Putney, on file in the De- 
partment of Mechanical Engineering of the New Hampshire 
State College since June, 1899. These tests were conducted 
under the supervision of Mr. Kingsbury in a machine specially 
designed and constructed by him for measuring the friction of 
screws and of thrust bearings, and described in a paper before 
The American Society of Mechanical Engineers in December, 
1895. 

The concept of oiliness as distinguished from viscosity was 
investigated experimentally by Mr. Kingsbury in a paper also 
presented before the Society in 1902, and published in the Trans- 
actions for 1903, entitled ““A New Oil-Testing Machine and Some 
of Its Results.” Using a modification of this machine fitted 
with a tapered plug and a bearing mounted on a micrometer 
screw for controlling the clearance, and experimenting with 
various oils, Mr. Kingsbury also found that there were no 
appreciable departures from the usual laws of viscous resistance 
down to films as thin as one-forty thousandth of an inch, and 
up to rates of shear as great as 261,000 radians per second. 

Friction tests together with measurements of film thickness 
in large shaft bearings, up to 15 in. in diameter, were published 
by Mr. Kingsbury in 1906. Several years ago Mr. Kingsbury 
designed and constructed a journal-bearing machine for simul- 
taneous measurements of bearing friction, pressure distribution, 
and film thickness; this has been loaned to the Pennsylvania 
State College for experiments which are in progress under the 
direction of Prof. L. J. Bradford. Mr. Kingsbury in 1928 ob- 
tained the first results on pressure distribution in oil films by 
means of electrical observations on large-scale models; this 
method permits taking into account non-uniform viscosity, 
side leakage, and other factors which have not hitherto been 
investigated. 

H. A. 8. Howarth has published various tests of Kingsbury 
thrust bearings, beginning in 1919, and in 1924 began the publi- 
cation of a series of papers which have since been reprinted by 
the Society under the title of ““A Graphical Analysis of Journal- 
Bearing Lubrication.”” The method used is based upon Rey- 
nolds’ equations, and therefore is limited to problems in which 
side leakage can be neglected, but offers the possibility of treating 
variable viscosity and pressures due to inertia of the lubricant. 
This work was followed at the 1928 Annual Meeting of the So- 
ciety by a paper entitled “Journal Running Positions” (6). 


OTHER INVESTIGATIONS 


At the Massachusetts Institute of Technology Mr. Hersey 
had conducted journal-bearing experiments which were published 
in 1914 after the data obtained with several different oils had 
been coordinated by the method of dimensions, using un/p 
as the principal variable. He also continued at the Institute 
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during 1920-1922 the experiments on viscosity of lubricating 
oils under high hydrostatic pressures which had been begun 
some years earlier at Harvard University. The first results of 
these experiments were published in 1916, while the final results 
were presented before the Society at the Annual Meeting in 1927. 

Further applications of the dimensional method have been 
made by R. E. Wilson and D. P. Barnard, 4th, adopting the 
more convenient notation ZN/P. These investigations have 
been published in a series of papers beginning in 1922, including 
not only friction observations but also oiliness investigations 
and the measurement of oil flow through journal bearings. 

The recently organized Friction and Lubrication Section of 
the Bureau of Standards (4) is engaged in journal-bearing 
and oiliness investigations in cooperation with the Special Re- 
search Committee on Lubrication. Since 1913 Winslow H. 
Herschel had been engaged in investigations relating to the 
properties of lubricants and methods of testing, and in 1922 
formulated the definition of oiliness which is at present adopted. 
Mr. Hersey, in 1915, had presented a paper at the Buffalo 
meeting of the Society in which the laws of lubrication of journal 
bearings were further discussed, including a general mathe- 
matical solution of the problem of thermal equilibrium. A 
series of journal-bearing investigations conducted by S. A. 
McKee at the Bureau of Standards have included the effect of 
kerosene on the oiliness of lubricating oils; performance of 
journal bearings when an abrasive is in the lubricant; the effect 
of running in, and friction of journal bearings as influenced by 
clearance and length (5). 

Several investigations by G. B. Karelitz of the Westinghouse 
Electric and Manufacturing Company have been published by 
the Society, including performance of waste-packed axle and 
armature bearings (7). Experiments on oil-ring bearings 
have been completed, which are described in a paper prepared 
for presentation at the 1929 Annual Meeting of the Society. 

A good beginning has been made toward the coordination of 
researches which are in progress in the United States through 
the medium of the Special Research Committee on Lubrication. 
In the near future we may reasonably anticipate that both 
oiliness problems and thermal problems will come in for relatively 
greater attention than they have received in the past.’ Another 
development very much to be hoped for would be a more definite 
international coordination of research work in progress. Mr. 
Hersey expressed the opinion that a very evident step had been 
taken in this direction by holding this meeting in New York 
City to discuss a paper presented by an engineer from Mel- 
bourne, Australia, whose investigations have also been published 
at various times in Great Britain, France, and Germany. 
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Discussion 


E. O. Waters.’ Although not included in the formal part of 
his paper, the author has disclosed as interesting a bit of the 
history of invention as the writer has been privileged to hear for 
some time. Little has been publicly known regarding the 
interrelations of the Michell bearing and the Kingsbury bearing, 
or the exact reasons for having two names for what is apparently 
the same thing. In the give-and-take of credit between two 
inventors working in the same field, there is all too great a tend- 
ency for overemphasis of claims by either party, and the author 
has shown an excellent spirit of sportsmanship in the frankness 
and fairness of his introductory remarks. 

The present paper is of value not only in pointing out the 
actual development of the pivoted pad in the journal-bearing 
field, but in its train of argument which leads to the conclusion 
that such application is beneficial. The soundness of this 
reasoning is another matter, and apparently boils down to the 
question of what theory we shall adopt for the pressure distri- 
bution in the oil film—the theory of Reynolds, Sommerfeld, and 
Harrison, predicted upon a purely tangential flow, or the theory 
which leads to the equation in Fig. 3. 

In deriving this latter, we may start with the usual equations 


dP 
dy 
dP d*w 13} 
du dv dw 

[4] 


dz‘ dy dz 


where z is taken in the direction of motion of the journal pe- 
riphery, y radially, and z in the axial direction. These equations 
do not afford a simple solution for journal bearings, and it is 
customary to neglect axial flow and equate dp/dz to zero. In 
the present instance this is not admissible; however, let us 
assume that the pressure gradient in the direction of motion 
is negligible in comparison with that in the direction of the axis. 
Then dp/dzr = 0, and, by integrating [1] between the limits 
y = Oand y = A, for which the respective boundary conditions 
are u = wr and u = 0, we have 


(5 
u = oF [5] 


Integrating [3] with respect to y, between the same limits, we 
have 


Substituting [5] and [6] in [4] and again integrating with 
respect to y between the same limits, for both of which » = 0, 
we have 


@P = dh 
dz? dx 
Making the usual substitutions, c = r@ and h = c(1 + ecos8), 
and integrating between the limits z = +4 for which P = 0, 
the result is 
3uwe sin 
P = —— [7] 
+ ecosé)* 


equivalent to the author’s equation in Fig. 3. 


& Assistant Professor of Mechanical Engineering, Yale University, 
New Haven, Conn. Assoc-Mem. A.S.M.E. 


| 
1dPy 
w= -—- (y—h)................. [6] 
p dz 2 q 


162 TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


The point to be noted in this derivation is that the pressure 
rise in the direction of motion has been suppressed, just as the 
pressure drop along the axis is suppressed in the more customary 
analysis. Possibly the author has been able to obtain this 
equation without making such an assumption; if so, it would be 
interesting to know what his method of solution is. 

On the basis of purely tangential flow, Howarth® has made the 
following comparison: 

Two Adjacent 
60° Pivoted 


120° Fitted Bearing Fitted Bearings 

Diameter, in. ; 6 6 
Length, in. : J 6 6 
Nominal pressure, entire bear- 

ing, lb. per sq. in Jie 200 
R.p.m. . 400 400 
Viscosity, in. lb. sec.. 3.4 10-6 3.4 X 
Coefficient of friction 0.0011 0.00135 
Eccentricity, in. per in. of ra- 

Nearest approach, in. per in. 

0.00038 0.000326 


In both cases the bearing surfaces are supposed to be so ar- 
ranged with respect to the direction of the load that the friction 
will be a minimum. 

Boswall, in ‘““The Theory of Film Lubrication,” pp. 207 and 
208, has made a similar comparison, assuming that the bearing 
surface may be treated as plane. Here axial flow is taken 
account of, as well as viscosity change due to temperature rise. 
No journal diameter is given, but for comparative purposes 
it may be assumed as 22.9 in.; the 6-in. circumferential length 
of bearing specified in the example then subtends an angle of 
30 deg. The results may be tabulated thus: 

Three Adjacent 
10° Pivoted 


30° Bearing Bearings 
Diameter, in... 22.9 22.9 
Length, in...... ae 6 6 
Nominal pressure, entire bear- 
ing, lb. per sq. in.... on 52.4 52.4 
Viscosity, in. lb. sec. 
4.8 X 10-5 6.2 10-€ 
Coefficient of friction... . . 0.00467 0.00653 
Nearest approach, in. per in. 
0. 000236 0.000192 
The above examples cover quite a wide range. Nevertheless, 


they both show a tendency for the multiple-pad bearing to run 
with higher resistance and lower safety factor (as measured 
by specific clearance at the point of nearest approach) than the 
equivalent single-pad bearing. Presumably, the author's 
comment at this point would be to the effect that the multiple 
bearings should be shortened in the axial dimension, thereby 
increasing the nominal pressure and lowering the coefficient of 
friction; this change, in turn, would vitiate the whole comparison 
in so far as the effect of axial flow was not considered. But, 
on the other hand, the safety factor would be still further lowered. 
As Boswall states, there seems to be no advantage in merely 
subdividing the original bearing surface into parts. The real 
merit of the multiple type must rather be attributed to the 
greater ease of fitting short surfaces to a shaft, and the fact that 
“the pressure film forms more perfectly with curved surfaces 
if the are of contact is kept as small as possible.”’ 

In conclusion, the writer would like to ask a question. In 
Figs. 10 and 13, the author shows bearings in which it appears 


6 “A Graphical Study of Journal Lubrication” (Part IIT), by H. A. 
Trans. A.S.M.E., vol. 47 (1925), p. 1073. 


S. Howarth. 


that the load is to be carried by more than two pads. In such 
designs, is it possible to calculate the load distribution on a 
rational basis, or is it more practicable to evaluate it by empirical 
methods? 


S. J. Neeps.’ Referring to the author's pressure equation 
which he appears to offer merely for the use of believers in single- 
surface journal bearings, but which he does not seem to use 
himself for his pads, this equation is approximate only for very 
narrow surfaces and its range of usefulness depends upon the 
form of the oil film; that is, upon the eccentricity at which the 
journal is running in a clearance bearing, for example. Judging 
from the author’s own work on flat inclined surfaces, the range 
of usefulness on his pressure equation as related to eccentricity 
of the journal appears to be about as follows: When the ec- 
centricity is 80 per cent, his equation would be reasonable up 
to an L/D value of about 0.15. When eccentricity is 50 per 
cent, his equation could be used up to an L/D value of about 
0.42. When the eccentricity is only 30 per cent his equation 
would be useful up to an L/D value of 0.62. ‘“‘Useful’’ means 
reasonably correct, taking side leakage into account. (LL is 
bearing length; D is bearing diameter.) 

The author's equation is readily deduced by assuming that the 
term in Reynolds’ fundamental equation expressing the unit 
quantity of oil flow due to pressure in the direction of motion 
is zero. This assumption is obviously unwarranted. If the 
film thickness at the entering end is twice as thick as at the 
trailing end, it is evident that much more than one-half of the 
entering oil must flow through the film in the direction of rotation 
of the journal surface. The remainder of the oil, much less than 
50 per cent of that which enters the film, would flow out at either 
side of the film. Therefore, even though the author may be 
able to figure a side area of outflow equal to ten times that at 
the rear in the bearing he assumes, more than one-half the oil 
would leave the film in the direction of motion of the journal. 
This should be obvious to him. 

It seems unfortunate that the author should propose a pressure 
equation that is so inadequate and that can lead to impossible 
results when used in an unthinking manner. It is obviously 
impossible for pressure to exist in a practical bearing to a higher 
value than it would be possible to generate if side leakage be 
neglected; yet there is nothing about the author's equation to 
show how it may be used without leading to a carrying capacity 
in excess of that theoretically possible by neglecting side leakage. 

There is not yet available any accurate method of determining 
the carrying capacities of journal bearings as influenced by side 
leakage. It is hoped that in the near future there will be enough 
information from experiments, now being conducted, to solve 
this problem in a satisfactory manner for journal bearings whose 
films are of the fitted or clearance type. Meanwhile it seems 
unwise to confuse further the mind of the designing engineer 
by the introduction of pressure equations that are untenable 
over any considerable range, and that are absolutely incorrect 
so far as the mode of pressure generation in the bearing is con- 
cerned. 

Referring to the general proposition of the desirability o! 
carrying the load on a single surface rather than breaking up 
that surface into a number of smaller ones, it is obviously better 
to use the single surface, and it can be demonstrated mathe- 
matically, as was done in a letter by H. A. S. Howarth entitled 
“A Graphical Analysis of Journal-Bearing Lubrication” pul- 
lished in the April, 1927, issue of Mechanical Engineering. ‘This 
letter deals with flat surfaces; that is, those bearings in whic! 
the films are perfect wedges. While the problem of the journa! 

7M.E., Kingsbury Machine Works, Philadelphia, Pa. Jun. 
A.S.M.E. 
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bearing is a much more complicated matter than that of the flat- 
surfaced thrust bearing, its solution need not necessarily involve 
complicated designs. A continuous surface is of much simpler 
construction than a multiple-pad bearing. Equal pressure 
distribution may be obtained by making the bearing self-aligning, 
and in general it is not difficult to devise means of providing a 
constant, adequate, and unfailing supply of cooled lubricant. 
Under these conditions the unit load may safely be carried to a 
point comparable with that of the thrust bearing. 


Avutuor’s CLosure 


Such discussion of the paper as was critical or adverse was 
directed mainly to the formula attached to Fig. 3. 

That was expected, since the formula is of an unconventional 
type, in so far at least as previous work on journal bearings is 
concerned, and is liable to misunderstanding unless its exact 
purport, as a solution of one case of the three-dimensional 
lubrication problem, is carefully examined. 

Probably the nature of the solution contained in the formula 
will be most readily understood from its analogy with more 
familiar theories and results; for example, the author's approxi- 
mate solution of the thrust bearing of unlimited length in the 
direction of motion;’ or the accepted and universally used 
approximate theory of elastic beams. 

Professor Waters alleges against the formula in question 
that it neglects, or suppresses, the rise of pressure of the fluid 
in the direction of the motion. If such a statement is correct 
in any sense, it is only in the same sense as the conventional 
approximate theory of beams can be said to neglect the variation 
of stress in the direction of the length of the beam. Indeed, 
Professor Waters’ own process of derivation of the formula 
(which in its essential elements is the same as that by which 
the author obtained it) deals with both dP/dz, the rate of rise of 
pressure in the direction of motion, and dh/dz, the rate of increase 
of the thickness of the film in the same direction, as finite magni- 
tudes, though the former is regarded as of a lower order of magni- 
tude than the rate of change of pressure in the perpendicular 
direction. 

8 Zeitsch rift fiir Mathematik und Physik, Bd. 52 (1905). 
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Admittedly the formula is merely a first approximation, and 
not even an approximation in the immediate vicinity of the 
leading end of the film. It is not, however, on that account less 
useful for its own purpose, or less valid than the linear theory of 
beams, which does not give even an approximation to the .con- 
ditions of stress at the points of support or at the points of 
application of concentrated loads. 

Professor Waters inquires whether it is possible to calculate 
the load distribution on the individual pads of multiple-pad 
journal bearings, such as those shown in Figs. 10 and 13. 

The calculation can be made in all cases by process of “false 
position.”’ Any position of the axis of the journal being assigned, 
the pressures and total load on each of the pads can be determined 
by the theory and the resultant of all such loads computed. If 
this resultant is not equal and opposite to the load on the journal 
the assigned position is “false,’’ and the calculation must be 
repeated with another assigned position until the required con- 
dition of equilibrium is found. 

In ordinary cases the calculation is not unduly lengthy, but 
in practice it is usually sufficient to assume that the load is 
carried by two pads at most, upon which the loads are of course 
determined by static equations. 

Mr. Needs’ criticism appears to rest on essentially the same 
grounds as that of Professor Waters, and to call only for the 
additional remark that the ratio between the quantities of oil 
which are discharged at the ends and the sides of the film, re- 
spectively, depends not only on the ratio of the thicknesses 
of the leading and trailing ends of the film, but also on the 
ratio of the length of the bearing to its width. 

One of the author’s reasons for emphasizing the approximate 
formula in question was to call attention to the predominance 
and controlling effect of the outflow at the sides, as compared 
with the outflow at the end, of a narrow journal pad. 

The information given by Mr. Needs to the effect that Mr. 
Kingsbury has experiments in progress which will give quantita- 
tive results on the behavior of three-dimensional journal bear- 
ings is of great interest, and the author desires to express the 
hope that the beginning of a series of publications upon those 
experiments will not be long delayed. 
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Present Status of Tungsten Carbide as a 


Cutting 


Material 


Report of Sub-Committee on Machinability of the A.S.M.E. Special Research Committee on 


Cutting 


T the annual meeting of the Special Research Commit- 
tee on the Cutting of Metals in December, 1928, the 
chairman requested the Sub-committee on Machinability 
to investigate the possibilities attendant upon the use of tungsten 
carbide as a cutting-tool material, and to make recommendations 
as to what action, if any, the committee should take with respect 
to this material. The sub-committee has made a preliminary 
survey by which it has sought to accomplish the following ob- 
jectives: 

1 To list the various brands of this material which are or will 
be available, and to learn something regarding the concerns 
which are producing them. 


To ascertain the extent to which industry has adopted 
tungsten carbide for production purposes, and the results which 
are being obtained by its use. 

3 To determine the probable effect which the use of this 
material will have upon the future development of machine 
tools, and to make a recommendation as to what action this 
special research committee should take with respect to such 
developments. 


BRANDS AVAILABLE AND MAarKET CONDITIONS 


At the present time there are two tungsten-carbide products 
available in the United States, namely: 
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of Metals: 


1 Carboloy, which is manufactured and sold by the Carboloy 
Company, New York. 

2 Widia, which is manufactured by the Krupp Company, 
Essen, Germany, and is imported by Thomas Prosser and Son, 
New York. The Wesson Sales Company, which has offices in 
Detroit and Chicago, are sales agents for Widia in Western terri- 
tory. 

In addition to carboloy two other brands will be manufactured 
in this country, viz., Strauss Metal and Dimondite. Strauss 
metal is the trade name of the Ludlum Steel Company’s product. 
This firm is now marketing tungsten carbide which is being 
manufactured for them by the Krupp Company, pending com- 
pletion of their own plant which is scheduled for late spring. 
Dimondite is the trade name of the tungsten carbide which will 
be manufactured by the Firth-Sterling Company. This brand 
has not yet appeared on the market although it is being produced 
on an experimental scale and a comprehensive development 
program is being carried on. 

The demand for tungsten carbide in this country has grown 
with great rapidity owing to the inordinate amount of publicity 
which it has received. The supply of tungsten carbide available, 
however, has been confined until quite recently to that which 
could be secured from Germany. 

Widia metal has been on the market since last fall, 1928, both 
in the form of rough tool bits and finished tools. There has been 
little difficulty in securing the former, but the production of the 
finished tools is limited owing to the fact that the operations of 
brazing the tips and of grinding and lapping the tools constitute 
a very specialized process, and one which requires experienced 
workmen to secure the best results. That seems to be the princi- 
pal reason why this phase of the business has been slow in de- 
veloping to a point where it can meet the current demand. 
That also is the reason why the demand for tungsten carbide has 
centered largely around the finished tools. 

The Wesson Sales Company has on hand a stock of rough 
tips valued at around $400,000 to $500,000, based on the sales 
price. They have recently installed a large amount of equipment 
for producing finished tools, and are making reasonably quick 
deliveries. Among the tool shapes which they have produced 
are bits for turning, grooving, cutting off, milling, ete., drills, 
counterbores, and formed cutters. 

The Carboloy Company has only recently placed its product 
on the market. It does not furnish rough tips as it seems to 
prefer to retain control over the processes of welding the tips, 
and of finishing the tools to the proper cutting angles. The 
company has been making tools for some time, but apparently 
the entire output has been absorbed by the General Electric 
Company, either for experimental work or for actual production 
purposes. The output at the present time for the General 
Electric Company alone is reported to be around 6000 tools per 
month. 

The price of these brands seems to run uniformly at $1 per 
gram ($454 per pound), which is the price stipulated in the 
General Electric-Krupp contracts. 
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Some Exprertences oF INpustry With TUNGSTEN CARBIDE 
A survey of the results obtained by several concerns in the 
Chicago and Detroit districts indicates forcibly the far-reaching 
effect which this material eventually will have on machining 
operations, and substantiates in a general way the published 
claims of the manufacturers. The experiences of those users of 
tungsten carbide who were interviewed seem to be in universal 
agreement in one important respect; that is, that the life of the 
tungsten-carbide tools, where they can be used, is many times 
greater than that of high-speed steel tools even in the speed 
range where high-speed steel attains its maximum efficiency. 

A large valve company has tooled an automatic chucking 
machine with tungsten-carbide tools, replacing high-speed steel 
tools for machining a bronze valve disk. The average life of the 
high-speed steel tools was 600-800 pieces per grind while that of 
the carbide roughing tools was in the neighborhood of 27,000; 
the speeds, feeds, etc., being identical in each case. Incidentally, 
the high-speed steel used was the best obtainable. The part 
in question required a very good finish, and for that reason it was 
considered advisable to continue to use a finishing operation. 
The tungsten-carbide finishing tools had produced about 28,000 
parts at the time of the visit, and were apparently as good as 
new. 

Another manufacturer replaced high-speed steel tools with 
tungsten-carbide tools for machining a malleable-iron part having 
brass inserts. This operation likewise was performed on an 
automatic machining with no changes except the substitution 
of tools. .The best tool life obtainable with high-speed steel 
was from 3 to 8 hours’ operation pergrind. The first set of tung- 
sten-carbide tools ran for over six weeks before requiring re- 
grinding. 

These cases are of particular importance because in each in- 
stance an automatic machine was completely tooled and placed 
in operation on a production basis. 

A large automobile company has obtained data on drilling 
bakelite with a %/,, in. drill. The results indicate that on a 
strictly comparative basis tungsten-carbide tipped drills pro- 
duced 10,700 holes per grind, the high-speed steel drills only 
155. The committee has been informed that this corporation 
has several thousand dollars’ worth of tungsten-carbide tools in 
actual use for machining die castings, aluminum alloys, brass, 
bronze, cast iron, malleable iron, nickel steel, and bakelite. Most 
of the experiences observed relate to the application of tungsten 
carbide to jobs in which no changes were made in the machines 
or, at most, only the speeds increased. 

A large clutch manufacturing company found that by 
using tungsten-carbide tipped drills and counterbores for drilling 
and counterboring bakelite-asbestos clutch plates it would secure 
in the neighborhood of 50,000 holes per grind, as compared witha 
production of about 1000 holes with high-speed steel drills. 


EFFEcT ON MacuHINE TOOLS 


It will be apparent that much of the tungsten carbide now in 
use has been placed in operation, first, in order to overcome ma- 
chining difficulties, and thus to decrease the “down time’’ which is 
ordinarily consumed by the frequent grinding of tools, and second, 
to obtain greater production by increasing cutting speeds where 
it has been possible to do so without danger of damaging the 
machines. Wherever the speeds were increased it was, of course, 
necessary to install larger motors to give the additional power 
required. However, on account of the limitations imposed by 
the machines available, it has in no case been possible to utilize 
the maximum benefits which could otherwise have been secured 
from the use of tungsten-carbide tools. 

It is questionable whether tungsten carbide will ever be 
capable of withstanding heavier cuts than are now customarily 


taken with high-speed steel tools, and it would seem, therefore, 
that whatever machine-tool developments will be required on 
account of the introduction of this new material will be largely 
incidental to the increases in cutting speeds which it is generally 
agreed are possible. 

This committee feels that a great deal of development work 
must be done before machines can be designed with full con- 
fidence that they will be suited to the additional demands which 
will be thrown upon them. Assuming that the speeds are in- 
creased to the maximum which the tools can stand while main- 
taining the usual chip cross-sections, it will be apparent that a 
number of practical considerations must be taken into account, 
such as: 

1 Bearing designs must be altered and additional rigidity 
provided throughout on account of the structural weakness of 
tungsten carbide. The cutting edges of tungsten-carbide tools 
will break if appreciable chatter is permitted. 

2 Chip disposal must be taken care of on a far larger scale. 

3 Indications are that the problem of providing suitable 
coolant which has been so important heretofore may be elimi- 
nated. 

4 In automatic machines the mechanism controlling the 
action of the tools must function in the minimum of time in 
order that the greatest advantage may be derived from the new 
material. 

5 It is quite reasonable to suppose that fewer changes in 
speeds will be required, and that there will be corresponding 
simplifications in spindle drives. 

6 Lathe tail-stock dead centers will not last with the cutting 
speeds which will be used, and centers equipped with anti- 
friction bearings will be necessary. 

There are at the present time certain definite machine-tool 
developments under way, having for their purpose the design 
of machines which will bring out the full possibilities of tungsten 
carbide. One well-known manufacturer of production boring ma- 
chines has contracted to deliver several units which are guaran- 
teed to stand up under the most severe conditions which may be 
encountered in the use of tungsten-carbide tools. At least two 
manufacturers of special-purpose lathes have undertaken the 
development of machines which will make it possible to rough 
turn and rough groove lynite pistons at speeds up to 1000 ft. per 
min. 

The full import of these facts seems to be that certain machine- 
tool builders have fully realized the possibilities of tungsten 
carbide, and are endeavoring to take advantage of them as soon 
as possible. It is to be expected that any report covering this 
phase of the status of tungsten carbide will be out of date almost 
as soon as written. No doubt the machine-tool builders will 
fall in line very rapidly, and redesign many of their production 
machines, particularly those for use in industries which are 
taking an active interest in this development. The machine-too! 
builders and the users will have to work this problem out to- 
gether. 


SUMMARY AND RECOMMENDED ACTION TO BE TAKEN BY 
CoMMITTEE 


Some of the considerations which will have an important 
bearing on the question of how machine-tool developments wil! 
be affected by the introduction of tungsten-carbide tools have 
been mentioned. It remains to be seen to what extent the ma- 
chine-tool industry as a whole will be involved in this develop- 
ment. 

It seems fairly certain that the whole bulk of the machine tools 
which fall into the class termed “production machine’’ will 
eventually require design modifications in order to comply fully 
with the newer requirements. At the present time, however, 
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the status of the development of tungsten-carbide tools would 
not warrant radical changes in the design of milling machines and 
drill presses, since neither milling cutters nor drills have so far 
been very successfully made with tungsten-carbide cutting edges 
for use in machining high-carbon steel or alloy steel. As far as 
lathes and similar machines are concerned, it is safe to predict 
far-reaching developments on the basis of what has already been 
accomplished. 

It is quite certain that further development of tungsten-carbide 
tools will proceed much faster than that of machine tools, and it 
would seem highly desirable, therefore, that the machine-tool 
builders undertake immediately a comprehensive study of all 
the factors involved in the adoption of the new tool material 
with a view to effecting the transition as economically as pos- 
sible. 

In November, 1928, the A.S.M.E. Main Research Committee, 
sensing the possibilities of tungsten carbide as a new cutting 
material, canvassed a large number of manufacturers and users 
of machine tools in this country for recommendations as to the 
part which the Society might play through its research organiza- 
tion in determining the changes in machine tools that will be 
necessary to adapt them to the use of the new cutting material. 
The consensus of the replies was that a research committee of 
the Society should be formed which could keep in touch with the 
development of tungsten-carbide cutting materials, and publish 
information frequently for the benefit of all those interested. 
\ representative cross-section of the views expressed may be 
had from those which follow. 

In pointing out the need for a systematic development pro- 
gram, kK. F. DuBrul said, “We can and ought to save all 
intermediate steps. This can be done by a well-worked-out, 
well-conducted research program, carried through by some 
neutral research agency, and financed by the producers of the 
cutting tools and the machine-tool industry, jointly.” 

Ralph E. Flanders felt that a thorough investigation should be 
instituted by the Society’s Main Research Committee, and that 
the cooperation of the National Machine Tool Builders’ Asso- 
ciation should be invited. 

B. H. Blood expressed the opinion “that any proposed action 
of the Society should depend upon the attitude of the General 
Electric Company. If they would welcome the formation of such 
a committee and cooperate with it, much might be accomplished. 
If they prefer to do their own research and maintain control of 
the results, the Society would be at a great disadvantage, and 
would certainly have to rework much ground which has already 
been covered.” 

Evidently Mr. Blood had in mind research pertaining to the 
tools themselves. The committee feels that for the present at 
least this matter should be left in the hands of the manufacturers. 

W. Boston wrote, ‘It further appears that a committee 
should be organized to at least keep in touch with what is going 
on, perhaps encourage the publication of results of tests and prac- 
tice, and to act as a clearing house for information as to the 
influence of this material on design of machine tools.” 

John O. Keller suggested that “the committee cooperate with 
the National Machine Tool Builders’ Association in urging the 
latter association to expend money for the purpose of research 
along the lines suggested by its secretary, E. F. DuBrul, in his 
November 9 bulletin.” 

The sub-committee agrees with Professor Keller and recom- 
mends that the A.S.M.E. Special Research Committee on Cutting 
of Metals urge the formation of a new committee, by the Society’s 
Main Research Committee, which shall have for its purpose the 
correlation of the activities of the various organizations which 
may be engaged in research connected with the development of 
machine tools to meet the newly arisen needs. 
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Discussion 


Leon V. Quicuey.? Bakelite materials are among those which 
have received emphasis in numerous announcements of the 
application and advantage of tungsten-carbide cutting tools, 
notable Carboloy and Widia. It would be easier to evalute the 
tool performance if more definite information was given as to 
what type of Bakelite material was being machined. 

Reference is made to the experience of ‘“‘a large automobile 
company which has obtained data on drilling Bakelite with a 
drill,’ also to the experience of ‘‘a large clutch manu- 
facturer drilling and counterboring Bakelite-asbestos clutch 
plates.” All are interested in knowing the extent to which the 
introduction of tungsten-carbide cutting-tool practice will become 
a determinant in shop practice, and in what industries. To 
this end, data are needed with which to judge the generality or 
limitation of each experiment. In estimating the importance or 
eventual industrial effect of some of these tests, it might be i 
the interests of accuracy to know more exactly what grade 
material was used. 

The word Bakelite, for instance, is a trade-mark covering at 
least two hundred distinct materials manufactured by the cor- 
poration of the same name. Some of these are molded products 
in which a fundamental phenol resinoid has been incorporated 
with wood flour, finely divided asbestos, graphite, or mica. In 
others, a resinoid is a bonding material in an aggregate of 
canvas, linen, or paper layers. Gear stock is of this latter 
type. From this brief indication it will be realized that there 
may be appreciable difference in machining a laminated structure 
as compared with the machining of an object which has been 
molded from a uniform powder. There is not frequent need of 
machining a large hole in a Bakelite-molded unit because this is 
formed in a single molding operation to exact dimensions, and 
with holes or other details as desired. The reference to the auto- 
mobile company may involve laminated stock such as that used 
for a timing gear. If this assumption is correct, an impressive 
performance on the part of the tungsten-carbide alloy is indi- 
cated. 

In the case of the clutch-drilling reference, a variation in the 
precise type of Bakelite-asbestos material used might not make 
much difference in the performance figure of the tungsten-carbide 
tool. It is believed, however, that the relative figure for drilling 
with high-speed steel might be varied considerably in experi- 
ments involving several different varieties which could be de- 
scribed as ‘‘Bakelite-asbestos stock.”’ 

It is assumed that the committee has had this general idea 
in mind, and has collated the most typical data at their disposal. 
In a comprehensive and interesting report, it has given reason 
to believe that the tungsten-carbide cutting tool is an outstanding 
contribution to the work of the machine shop. In some cases 
the record in comparison with high-speed steel is phenomenal. 
There is in all such work an interest in knowing the degree to 
which any experiment reported is isolated or general in its appli- 
cation. Only with a careful definition of terms, materials, and 
conditions can one properly evaluate test data and use them 

as the basis for equipment design or revised shop practice. 
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E. F. Du Bruu.* The committee's report is particularly valu- 
able in showing various features of machine-tool construction 
that must be improved upon in order to get the full benefit of 
these cutting materials. These recommendations are extremely 
constructive, and will no doubt be considered carefully by the 
machine-tool builders. 
~? Technical Editor, Bakelite Corporation, New York, N.Y. Jun. 
A.S.M.E. 


3 General Manager, National Machine Too! Builders’ Association, 
Cincinnati, Ohio. Assoc, A.S.M.E. 
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The report says that one well-known manufacturer of pro- 
duction boring machines has contracted to deliver several units 
which are guaranteed to stand up under the most severe con- 
ditions which may be encountered in the use of tungsten car- 
bide. The writer wonders if this builder knows what he is doing 
in making such a broad guarantee. To make such a guarantee 
the builder ought to have very full information of what “the most 
severe conditions” really are. It is doubtful if any machine-tool 
builder knows enough about the possibilities of tungsten carbide 
to be able to make such a guarantee safely. Nobody else seems 
to know what these limits are. Without such knowledge it is 
certainly not very sensible to make a guarantee to meet them. 

Tungsten carbide is a hard material which, however, is brittle. 
Although it is not adaptable to as wide a variety of use as steel 
tools are, it gives very wonderful results in the services in which 
it has been found adaptable. I think that it is not a great 
stretch of the imagination to think that some one, somewhere, 
somehow, will find a way to provide tools that are tough as well 
as hard. 

Last fall at the meeting of the Machine Shop Practice Division 
on the Cincinnati boat, the writer said that, because very little 
was known about these tools, a research fund of $250,000 
would seem to be indicated, as the doctors say, as being necessary 
at this time to finance a sane basis of experimentation to delimit 
the possibilities of these tools. Since that time the writer's 
ideas have expanded as to the amount that this research fund 
ought tobe. By the time of the December meeting, he concluded 
that a research fund of $500,000 would not be at all out of the way 
of sane imagination. Frederick W. Taylor spent $250,000 in 
his researches over a period of years during a time when the 
dollar would buy a great more research than a dollar will buy 
now, so the amount of $500,000 of present-day purchasing power 
would hardly get as much research done as Taylor did with 
$250,000. 

The machine-tool industry is not the proper source for these 
funds. The machine-tool men will have quite enough of a bur- 
den to sustain in the matter of redesign, without asking them to 
put up all the money required to find out what they should 
redesign for. The users of machine tools as a class will get far 
more benefit out of the discoveries and redesigns than the ma- 


chine-tool builders will. Therefore it seems that the research 
program should be financed by the machine-tool using interests, 
and not by the builders. 

Regardless of how the research may be finally organized and 
conducted, if it succeeds, it will certainly advance the progress 
of design much faster and farther than the old method of just 
groping around, each machine-tool builder trying to do a little 
more than some one else has done. If the ultimate limits are 
known, one jump can be made for them instead of the slow and 
expensive way of groping. 

With the present open-mindedness of industry, with more 
realization that industry has now of the benefits of research, and 
the necessity for improvements, tungsten-carbide tools should 
come into use much faster than high-speed tools did, after they 
were discovered. The greatest progress along this line would be 
attained by a research program, properly financed, and con- 
ducted so as to get the facts necessary, and to get them quickly. 


R. R. Kerra. The company with which the writer is con- 
nected has been using both Strauss metal and Widia. Attempts 
to use these on steel with coolant have been failures due to the 
chipping and spoiling of the tips. There has been no difficulty 
in brazing the tips to shanks, and in fact, better success has 
resulted with tools of home manufacture than with those pur- 
chased as regards fastening the bit to the shank. 

Use of these tools on rough operations, either wet or dry, has 
been unsuccessful, but excellent results have been obtained by 
using these tools dry on gray iron. On one turning operation 
where eight to fifteen pieces used to be obtained, the new 
tool gives 1600 to 1800 pieces. The same speeds and feeds are 
used. In another case the speed for gray iron has been increased 
up to 260 ft. for light finishing cuts with excellent success. 
Greatest benefits have been obtained through use of these tools 
for dry work on gray iron only, where tool grinding is the greatest 
factor or where the problem of holding the size is especially 
important. Furthermore, increasing of speeds is usually not 
advisable. although it is possible. 


' Manager, Tractor Works, J. I. Case Threshing Machine Co., 
Racine, Wise. Mem. A.S.M.E. 
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Symposium on Methods of Motor Application 
and Control 


The papers forming this symposium deal respectively with 
electric drive for planers, special drilling and tapping machinery, 
precision grinding machines, and lathes. 

F. E. Cardullo first describes the types of electric motors adaptable 
to planer drive and states that because of superior electrical and 
mechanical advantages, practically all reversing planer motors are of 
the adjustable-speed direct-current type and fall into constant- 
voltage and variable-voltage classes. He describes these motors 
and their control apparatus and computes such factors as the loss 
of time due to reversal. He then compares the reversing-motor with 
belt drive. He closes with a description of the space-time diagram 
and its use in studying planer drive. 

J. H. Mansfield discusses the application of motors and controls 
for special drilling, tapping, turning, boring, and facing machines. 
He compares the times required in the operation of a single-purpose 
turning and facing machine equipped with single-speed motor and 
the same machine equipped with a multi-speed motor. In discussing 
the application of electric motors to woodworking machinery he shows 
a double-end turning machine equipped with 15 motors. 

R. E. W. Harrison traces the development of motor-driven pre- 


cision grinding machines from the countershaft belt-driven type. 
He then discusses motor bearings and motor mountings. 
study of a load-cycle chart which shows (a) period in which stock 
is reduced at maximum rate of metal removal, (b) ending of metal- 
removing period and beginning of finishing operation, and (c) 
period for finishing and accurate sizing, the author shows what are 
the chief characteristics desired in a motor driving a grinding wheel. 


From a 


The paper closes with a brief discussion of ‘‘across-the-line’’ motors 
and its advantages. 

Chas. L. Cameron deals first with methods of mounting motors 
on lathes and lists the difficulties which arise from lack of standardi- 
zation of motors. He then points out why it is best for the manu- 
facturer of the lathe to provide the motor to drive it rather than relying 
on the purchaser to buy the proper motor, and discusses the tendency 
to use motors larger than practically required, pointing out that the 
use of anti-friction bearings has reduced the power required to drive 
the lathe. The paper ends with a discussion of motor types and an 
expression of the desirability of developing an alternating-current, 
variable-speed, constant-horsepower motor. 


Motors for Planer Service 
By F. E. CARDULLO,! CINCINNATI, OHIO 


HE most satisfactory method for driving planers of medium 

and large size is by means of a reversing motor geared di- 
rectly to the planer drive. Such motors are, with negligible 
exceptions, direct-current, shunt, or compound-wound motors, 
having interpoles, or interpoles with compensating windings. 
Planer manufacturers are frequently asked by customers if plan- 
ers cannot be equipped with alternating-current reversing mo- 
tors. A few alternating-current motors of the induction type 
have been built having two or more sets of stator windings, or 
having their stator windings so connected that the number of 
poles can be changed at will. The rotor is provided with slip 
rings so that resistance can be introduced into the secondary 
or rotor circuit to limit the current reversal. On a 60-cycle 
cireuit such a motor would have a synchronous speed of 1200 
r.p.m. with 6 poles, 400 r.p.m. with 18 poles, and 300 r.p.m. 
with 24 poles. One or the other of the two lower speeds might 
be used for the cut stroke, and the higher speed for the return 
stroke. At the instant of reversal, a series of resistances are in 
the rotor circuit, and these are successively shorted out by a 
suitable series of relay coils, as the current falls off with the in- 
creasing speed after the reversal. 

Such a motor is more expensive and less efficient than a direct- 
current motor, and gives at most but two cutting speeds. The 
number of slots for the stator windings must be a multiple of the 
least common multiple of the number of poles, multiplied by the 
number of phases. Thus if the motor in question is of three- 
phase construction, the number of poles is 6, 18, and 24, the 
least common multiple of these is 72, and the number of slots 
must be 216 or some multiple of 216. The number of slots in 


' Chief Engineer, G. A Gray Co. Mem. A.S.M.E. 

Contributed by the Machine Shop Practice Division and presented 
at the Annual Meeting, New York, N. Y., Dec. 3 to 7, 1928, of Tue 
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the rotor is also determined by the number of poles. These 
requirements make the electrical design relatively inflexible. 
Because of this inflexibility of design the rotor is necessarily 
larger and heavier, and has a greater moment of inertia than 
would otherwise be necessary. This means more power con- 
sumed in reversal, lower efficiency, a more sluggish reversal, and 
a slower pick-up after reversal. 

Add to this objection the fact that only two cutting speeds 
are available, which reduces the production efficiency of the 
planer, and it is apparent that the alternating-current reversing- 
motor drive labors under a heavy handicap. 

Such motors are most satisfactory when built for two speeds 
only, one of which is one-half the other. 

Because of superior electrical and mechanical advantages prac- 
tically all reversing planer motors are of the adjustable-speed 
direct-current type. Such motors may be divided into two 
classes; constant-voltage motors whose speed is controlled 
by varying the strength of the shunt field current, and variable- 
voltage motors in which in addition to the above method of con- 
trol a variable-voltage armature current is used for the lower 
range of speeds. 

Most planer motors are of the constant-voltage type and 
have a speed range of from 250 r.p.m. to 1000 r.p.m. With the 
usual gear ratio of ten revolutions of the motor shaft per foot 
of table travel, usually called a ten-to-one gear ratio, this gives 
a minimum cutting speed of 25 feet per minute, and a maximum 
return speed of 100 feet per minute. These motors are usually 
of special design, the armature being made long and of small 
diameter in order to reduce the moment of inertia, or “flywheel 
effect,” and to facilitate prompt reversal. Since heavy armature 
currents occur during reversal at either end of the stroke of the 
planer, the armature-coil insulation must be of first-class material 
and construction to resist the unusual mechanical and electrical 
strains which such service imposes. Because of the reversal 
of rotation, in order to secure sparkless commutation it is neces- 
sary that the motor have interpoles, and on account of the heavy 
peak currents, and also of the low flux density at high speeds, 
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it may be desirable that the pole faces be provided with a com- 
pensating winding in which a current flows which is equal and 
opposite to the current flowing in the armature. Since the den- 
sity of the flux through the air gap at maximum speed is only 
one-fourth that at minimum speed, the effect of armature re- 
action in distorting the field becomes very marked; hence the 
necessity of commutating poles, and the desirability, in certain 
designs, of a compensating winding. It will thus be seen that 
not only is planer service a severe mechanical test of a motor, 
but that the electrical design problems to be solved are also serious. 

Lately constant-voltage motors having a higher speed range 
have been brought out, but such motors have not yet become 
standardized and different makers have not yet fixed upon the 
same speed range. The preferred speed range from the stand- 
point of planer manufacture is from 200 to 1200 r.p.m. This 
permits the use of the usual ten-to-one gear ratio that is used 
with the 250 to 1000 motors, riving a minimum cutting speed 
of 20 feet per minute, and a maximum return speed of 120 feet 
per minute. If higher table speeds are required, the gear ratio 
ean be reduced by substituting in the train a special large pinion 
and small gear. If materially lower table speeds are required 
it becomes necessary to add an extra gear and pinion in an out- 
side box, or else to redesign entirely the gear train, bed, and 
housings. It is much easier and cheaper for the planer manu- 
facturer to furnish special high table speeds than special low 
table speeds. 

ControL APPARATUS 

The control apparatus for a planer motor is operated by 
remote control from a pilot or master switch, or manually from 
a pendant switch. The pilot switch is operated automati- 
cally by dogs attached to the planer table. At the instant 
the pilot switch is thrown, the field resistance is shorted out, 
and if dynamic braking is used, the armature circuit is short- 
circuited through the braking resistance. An instant later, the 
line voltage is applied to the armature through a series of resis- 
tances, in the reverse direction, and as the current falls these 
resistances are successively shorted out and the field resistance 
cut back in. In case plugging control is used, the sequence of 
operations is the same, except that the line voltage is applied 
immediately to the armature through the series of resistances 
instead of first shorting the armature through a braking resis- 
tance. The effective voltage in this circuit is of course the line 
voltage plus what we may call the “negative counter electro- 
motive force’ developed in the armature. circuit while it is slow- 
ing down. 

The art of control design consists in so balancing the various 
operating coils and resistances as to reverse the planer in the 
shortest possible time. The more nearly the armature current 
can be maintained at the highest value within the heating and 
commutating limits of the motor, the quicker the reversal will 
be. The armature current during reversal is not a constant 
quantity but falls off with increasing motor speed, rising tem- 
porarily each time that resistance is shorted out by one of the 
relay coils. Its effective value during the period of reversal is 
usually about 1.75 times the rated load current. For minimum 
loss of time during reversal, the armature current should be 
maintained as nearly as possible at this value from the time the 
pilot switch is tripped until the motor is revolving in the oppo- 
site direction at the desired speed. Theoretically the motor 
should provide its reversal-current full-field torque until it reaches 
its minimum cutting speed in the reverse direction, and then 
should provide its reversal-current running-speed torque until 
the running speed is reached. 


AcTION OF REvERSING Motor 
To illustrate the action of a reversing motor and give an idea 


of the loss of time due to reversal, assume a motor of 25 hp. at 
250 r.p.m. set to run at 350 r.p.m. on the cut and 1000 r.p.m. 
on the return. Assume that the radius of gyration of the arma- 
ture is 0.416 ft., that the mass of the armature is 610 Ib., and 


that the equivalent mass of all the moving parts at that radius 


is 700 lb. To justify this, consider the following: 


The circumference of a circle having a radius equal to the 


radius of gyration is 27 X 0.416 = 2.61 ft., whence with a 10- 
to-1 gear ratio a pound on the armature moves 26.1 times as fast 


as a pound on the table. The kinetic energy of a pound on the 


moving armature is 26.17 = 684 times as much as that of a pound 
on the table. A planer table with its load weighing 20,000 Ib. 
is equal in its effect on the time of reversal to about 30 Ib. on 
the armature. The greater part of the equivalent mass is in 


the armature, and much of the remainder in the high-speed 


shafts and gears. 
The kinetic energy of the system at 1000 r.p.m. motor speed 
is 


= 20,650 ft-lb. 


60 
The reversal-current full-field torque of the motor is 


33,000 X 25 1.75 
X 250 


T = 920 lb-ft. 


The foot-pounds of work per revolution at this torque is 920 


= 5775 ft-lb. 


The number of revolutions the motor will make before coming 


to rest will be R = 20,650/5775 = 3.60. 


The revolutions necessary to attain 250 r.p.m. will be one-six- 


teenth of this, or 0.23 revolution. 


250 
The torque at 350 r.p.m. field will be 920 x 350 650 Ib-ft. 


250 
and the energy per revolution will be 5775 x 350 7 4130 ft-lb. 


The energy necessary to bring the system from 250 r.p.m. to 


350 r.p.m. will be 


or 0.40) (350? — 250%) = 1240 ft-lb. 


100 (2 0.416 

60 
The number of revolutions necessary to attain full cutting speed 
1240 
is then 0.23 + 4190 7 0.23 + 0.30 = 0.53 revolution. 


Let us now consider the reversal at the end of the cutting 
stroke. 
The kinetic energy is 


64.4 


—— ) = 2530 ft-lb. 
60 


700 (* x 0.416 X 350 
The number of revolutions to stopping is 2530/5775 = 0.44 
revolutions. 

The number of revolutions to 250 r.p.m. return speed is 0.25 
as before. 

The torque at minimum field strength is 920 x 250/1000 
228 lb-ft. and the work per revolution is 1430 ft-lb. 

The energy required to bring the system from 250 to 1000 r.p.m 
is 


700 (2x x 0.416 

E = — (*~—) (10002 — 2502) = 19,400 ft-lb. 
64.4 60 

The number of revolutions required to bring the system from 

250 to 1000 r.p.m. will be 19,400/1430 = 13.53 revolutions. 

In order to get an idea of the “efficiency of reversal’’ of such 
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a system, assume a gear ratio of ten motor revolutions equals 
one foot of table travel and consider the least efficient length of 
stroke which will give for an instant 100 ft. per min. return speed 
when the cutting speed is 35 ft. per min. 

This length of stroke will obviously be 0.023 + 1.353 + 0.360 
= 1.736 ft. 

The time theoretically required for a round trip will be 1.736/100 
+ 1.736/35 = 0.0670 min. 

All of the speed changes occurred at constant acceleration, and 
answered to the formulas 


S = 5 at + Volt 


V = at + Vo 
the distance passed over 


the velocity 

the original velocity 
the acceleration 

the time. 


where S = 


t = 
Eliminating a we have 


25 28 
or( = Za when V, = 0 


V + Vo 


For the 3.60 revolutions for the first stop the time is 


3.60 
1000 = (0.00720 min. 


For the remainder of the events the times are 


2 X 0.23 
t = ——— = 0.00184 min. 
250 
t 0.00100 mi 
=> = min. 
250 + 350 : 
2 x 0.44 
= ————__ = _0,00251 min. 
350 
2 X 0.23 
t = ——— = 0.00184 min. 
250 
2 13.53 
t 0. 6 i e 
250 + 1000 


The revolutions at 350 r.p.m. were 
17.36 — 0.53 — 0.44 = 16.39 
The time was 


16.39 


= 0.0469 min. 


The time per round trip is 0.08294 min. 
The efficiency of reversal is therefore 
0.0670 
= 80.8 per cent 
0.08294 


The time lost per round trip in reversal, whatever the stroke, 
is 0.08294 — 0.06700 = 0.01594 min. 

In this computation we have not considered the effect of fric- 
tion which sometimes assists and sometimes retards reversal, 
nor of the loss of time due to the fact that the relay coils do not 
act instantaneously. The loss of time due to reversal as found 
from tests is from 0.020 to 0.025 minute per round trip. 
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For any length of stroke L greater than 2.47 ft. the effi- 
ciency will be 


Efficiency = 136 L 


3500 


+ 0.01594 


Or in general when the time in minutes lost in reversal is 7, 
the length of stroke in feet is L, and the cutting and return speeds 
in feet per minute are C and R, the efficiency will be 


L 


+ T 


When the stroke is shorter than 1.736 ft. the time per round 
trip can be reduced by reducing the return speed so as to make 
use of a stronger field, and thereby increase the acceleration 
of the system when speeding up from the minimum speed so 
that there will be a higher actual speed at the instant reversal 
begins, and a higher average speed during the return stroke. 
Short-stroke work in general requires a lowering of the return 
speed. 

Under certain conditions, especially in connection with long- 
stroke work and high cutting speeds, a high return speed is of 
advantage. However, the gain is not by any means as great 
as most people believe. The time lost in reversal is very nearly 
proportional to the square of the return speed, so that a 50 per 
cent increase in the return speed nearly doubles the loss at re- 
versal. As an example let us assume a 35-ft. cutting speed, a 
100-ft. return speed, and a 6-ft. stroke with a reversal loss of 
0.025 min., and also 150-ft. return speed with a reversal loss 
of 0.050 min. 

The total time for the low return speed is 


6 


+ 0.025 = 0.2566 min. 


With the high return speed it is 
+ + 0.050 = 0.2616 mi 
35 + iso min. 


and it takes longer to do the work with the rheostat set for 150 
ft. than for 100 ft., the loss being 


0.2616 — 0.2566 
0.2566 


= 1.94 per cent 


If we raise the stroke to 20 ft. and the cutting speed to 50 ft., 
the times become 


0.625 min. 


+ = + 0.025 
and 


20 
— + 150 + 0.050 = 0.583 min. 


a gain of 0.042 min. or 6.7 per cent. The latter figure is an ex- 
treme case and such a gain is seldom realized from a 50 per cent 
increase in return speed. 


VARIABLE-VOLTAGE Drive 


The variable-voltage drive consists of a planer motor of the 
same design as has already been considered, which is supplied 
with current by a motor-generator and exciter set. This set 
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consists of a high-speed motor which may be of either alternating- 
or direct-current type, a 220-volt generator, and an exciter gen- 
erator, all mounted on the same bed plate. The exciter furnishes 
the field current for both the generator and the planer motor. 
The generator furnishes the armature current for the planer 
motor. The planer motor is reversed by reversing the field 
of the generator, and the voltage of the generator current is 
controlled by introducing resistance into the generator field 
circuit. The extreme speed range is from about 150 r.p.m. to 
1200 r.p.m. or sometimes 1500 r.p.m. or 1800 r.p.m. At full field 
and full voltage the motor develops its maximum horsepower 
when making about 300 r.p.m. Higher speeds are obtained by 
introducing resistance into the motor field circuit. Lower speeds 
are obtained by operating without resistance in the motor field 
and introducing resistance into the generator field circuit, thereby 
lowering the voltage at the motor brushes. The cutting-speed 
control rheostat therefore has two series of resistances in it, one 
for the motor field at the upper speed range and the other for 
the generator field at the lower speed range. 

Where a wide speed range is desired this outfit performs ex- 
cellently. The control is simple and by heavily compounding 
the generator, excellent speed regulation of the planer motor 
under varying loads is obtained. The outfit is especially adap- 
table where alternating current only is obtainable. The cost is 
a trifle higher than that of an ordinary planer motor and motor- 
generator set. 

Where a number of planers are used, a motor-generator set 
and number of constant-voltage motors will give satisfactory 
service at a lower first cost than a number of variable-voltage 
outfits. However, where an extreme speed range is desired, or 
where only one reversing-motor planer is in use and only alter- 
nating current is available, the variable-voltage outfit is usually 
to be preferred. 

The theoretical performance of a variable-voltage outfit is 
the same as the theoretical performance of a constant-voltage 
outfit with the same speed range. 


CoMPARISON OF REVERSING Moror WirH Bett Drive 


In order to compare the action of a reversing motor with that 
of the old-style belt drive, assume a belt-driven planer operated 
by 4-in. double belts, capable in practice of transmitting about 
15 hp. in a planer drive. The pulley is of two diameters, one 
24 in. and the other 18 in. The rims are 4'/; in. wide by !/, in. 
thick, and there are six arms each of 1.7 sq. in. section. Neg- 
lecting the hub, the flywheel effect of the pulley at 0.416 ft. 
radius (in order to make it comparable with the motor armature) 
will be 84 lb. Assume the same equivalent weight for the table, 
work, and driving mechanism as before, namely 90 lb., although 
this might well be slightly less in view of the reduced horsepower. 

The equivalent weight of the system at the assumed radius 
of gyration is then 174 lb. Assuming an effective belt pull of 
70 lb. per inch of width, then the effective pull of the cutting 
belt at the assumed radius of gyration is 


4X 70 xX 1 
0.416 
producing 673 X 0.416 X 2x = 1760 ft-lb. of work per revolu- 
tion. The effective pull of the backing belt is 
4 X 70 XK 0.75 
0.416 


= 673 lb. 


= 505 lb. 


producing 1320 ft-lb. of work per revolution. 
The kinetic energy of the system at 1000 r.p.m. will be 


(= X 0.416 1000 


2 
) = 5120 ft-lb. 


64.4 60 


The revolutions to stopping are 5120/1760 = 2.91 
The energy at 350 r.p.m. is 


174 (= x 0.416 X 350 


"64.4 


= 629 ft-lb. 


The revolutions necessary to bring the system to 350 r.p.m. are 
629/1760 = 0.36. 

The revolutions necessary to stop the system at the end of the 
cut are 629/1320 = 0.48. 

The revolutions necessary to bring the system to 1000 r.p.m. are 
5120/1320 = 3.88. 

The shortest stroke which will give for an instant a table speed 
of 100 ft. per min. is 0.388 + 0.291 = 0.679 ft. 

The length of the cut stroke traversed at 35 ft. per min. is 0.679 — 
0.036 0.048 = 0.595 ft. 

The times of the events are 


2 X 2.91 
1000 

2 X 0.36 
350 

2 X 0.48 
350 

2 X 3.88 
1000 


0.595 
35 = 0.01700 min. 


= 0.00582 min. 
= 0.00206 min. 
= 0.00274 min. 


= 0.00776 min. 


Time required for cycle is 0.03538 min. 


0.679 0.679 
Time required without loss at reversal is 00 + — = 0.0262 


min. 

Time loss per cycle due to reversal is 0.0354 — 0.0262 = 0.0092 
min. 

If the stroke were the same as previously considered for the re- 
versing-motor planer, the efficiency would be 


E = = 
3500 


It will be seen that for short-stroke work the belt drive will 
give a much higher efficiency of reversal. However it gives 
only one cutting speed, lacks power, and the shriek which it 
gives under certain weather conditions is annoying. Unless a 
large proportion of the work requires light cuts and strokes of 
under two feet, the reversing-motor drive will be found to be 
more satisfactory for all planers except light machines of 36 in. 
width and under. 


Space-Time DIAGRAM 


The actual phenomena of reversal of a planer may be studied 
by the aid of a space-time card. Most planers of medium or 
large size are now equipped with rapid traverse mechanism, 
which when in operation causes the head to move along the rail 
with uniform velocity. This velocity may be found by timing 
the revolutions of the rail screw. 

A large drawing board is placed on the planer table, covered with 
a sheet of smooth drawing paper, and a sharp pencil arranged 
so that it will slide smoothly in a tube held in the tool post of 
one of the rail heads, being pressed against the drawing paper 
by a light spring. As the table reciprocates, the head being 


1.736 
135 X —— 
3500 
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rapid traversed, the pencil will draw a line upon the paper. 
Assuming the base line of the chart to be parallel with the mo- 
tion of the pencil, ordinates will represent table positions while 
abscissas represent times. Hence the pencil will draw a con- 
tinuous line which is the space-time diagram of the planer cycle. 
Tangents to this line are, of course, the instantaneous values 
of the dS/dT function and represent the velocity of the table, 
positive tangents representing the velocity in one direction and 
negative tangents the velocity in the opposite direction. The 
differential curve of the space-time diagram is of course the 
velocity-time diagram of the planer table. Tangents to this 
curve are the instantaneous values of the dV/dT' function, and 
also of the d*S/dT? function and the second differential curve 
of the space-time diagram is the acceleration-time diagram 
of the planer table. In the theoretical calculations given in 
this paper these accelerations are assumed to be constant, whence 
the acceleration diagram should be a series of straight lines. 
Actually the accelerations are variable because of variations in 
the armature current due to self induction, to variations in 
counter-electromotive force due to variations in the speed of 
the armature, and to variations in the resistance due to the 
action of the control relays, and the acceleration diagram is, 
like the others, a series of curves. 


FinpinG Time Lost Wirnout KNow1nG SpeED 


Because of continual change in the direction and rate of mo- 
tion, it is difficult to determine exactly either the speed of the 
motor, or of the planer table, without special apparatus. How- 
ever, an ordinary watch, or preferably a stop watch, may be em- 
ployed in the study of the loss of time due to reversal at various 
strokes and speeds. 

If the length of stroke of a planer be L ft., the cutting speed 
C feet per minute, the return speed R feet per minute, the time 
per round trip 7 minutes, and 7; is the time lost due to reversal, 
we have 

L L 
T a + R + To 

The above equation assumes that the length of stroke is suffi- 
cient so that the table attains a uniform speed of R feet per 
minute for a part of the return stroke, just before reversal begins. 

If the dogs are set so that the planer will make a short stroke 
which is yet sufficiently long to allow the table to attain a uni- 
form return speed, increasing the distance between the dogs 
by a given amount will increase the length of stroke by the same 
amount. If the increase in the length of stroke is greater than 
the increase in distance between the dogs, the planer did not 
attain the return speed for which the controller was set during 
the shorter stroke. 

If the planer is set to take a stroke having length 1,, the 
cutting speed being adjusted to the value C,, and the return 
speed to the value R,, the time for a number of round trips may 
be obtained, and from this the time per round trip be computed. 
If now the dogs are separated by some distance L. minus 1), 
the length of stroke will be increased to the value Le, the time 
for a number of round trips may again be taken, and the time 
per round trip for L, computed. We now have two equations: 


ly Le In 
— To = T d To = T: 
GrR* 
These may be put in the form 
and 


MSP-51-23 173 
Whence 
(T; = L, (7 To) 
and 
— 
' 


By this means the loss of time due to reversal may be deter- 
mined accurately without knowing the table speeds. 

If a planer is set to take a long-stroke with the lowest cutting 
and return speeds, a revolution counter applied to the motor 
shaft during the middle period of the cutting stroke will give 
the motor speed, with considerable exactness. From the motor 
speed and the gear ratio, the table speed may be deduced. 
Knowing the cutting speed and the time lost in reversal, the re- 
turn speed may be computed from the formula 


L(C +R) = T—T,) 


Knowing the cutting speed at the lowest setting of the cut- 
speed rheostat, the return speeds at different settings of the 
return-speed rheostat may be computed, and with these com- 
puted speeds, the cutting speeds for different settings of the cut- 
speed rheostat may be computed. The time loss due to rever- 
sal should be computed by timing two different lengths of stroke 
for each different combination of cutting and return speeds. 


Application of Motors to Special 
Drilling and Tapping Machinery 
By J. H. MANSFIELD,? ROCKFORD, ILL. 


HIS paper deals with the application of motors and controls 

to single-purpose, multiple fixed-spindle way drilling, tapping, 
turning, boring, and facing machines, and the advantages of 
variable and multi-speed motors. 


MACHINES 


The drilling machines discussed, shown in Fig. 1, have two 
multiple-spindle heads mounted at each end of a horizontal 


Fig. 1 Mortror-Driven Drittinc Macnuine Wits Hypravtic Feep 


(Forty or fifty spindles in one head are common, and sixty-five spindles have 
been built in.) 


bed with a work-holding fixture between them. As machines 
having heads working up to five directions and combining 
drilling, reaming, facing, and tapping operations are but an 
aggregation of those discussed, they will be omitted. 

Each head is mounted on a slide having motor supports back 
of the héad and is fed by a hydraulic cylinder piped to an oil- 
gear pump with its drive motor. Forty to fifty spindles in 


2 Chief Engineer, Charge Design, Greenlee Bros. & Co. Mem. 
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one head are common, and sixty-five spindles have been built in. 

The head motors are usually for alternating current and are 
of from 1 to 25 hp. The ball-bearing fully enclosed fan venti- 
lating type is recommended. A speed of 1150 r.p.m. is used on 
all except small motors, as the tooth speed of the motor pinions 
is not excessive at this speed, and no more gears are required in 
reducing to the proper spindle speeds than with 850 r.p.m. 
The 1150-r.p.m. motor is also less expensive and smaller than the 
850. ‘ 

On some of the early designs, flange mounting was used, 
but was soon dropped, due to the difficulty of fitting spare 
motors in case of motor failure. Foot mounting is now our 
standard, since in case of motor failure it permits the substitu- 
tion of any motor having the same size armature shaft, it being 
only necessary to put in filler strips of proper thickness between 


Fic. 2.) Tapping MACHINE 


the motor feet and the pads on the slide. This is of utmost 
importance in high-production shops. 

With flange-type mountings in case of motor failure, another 
of the same dimensions must be had, or a new flange must be 
made to fit some other size of motor on hand. Flange mounting 
while possibly more rigid than foot mounting is not enough so to 
permit carrying the motor pinion on the armature shaft without 
further bearings, since standard motor frames have not sufficient 
metal to absorb the vibrations set up by a metal drive pinion. 

In our practice the armature shaft in either mounting is 
keyed to the motor pinion, which is carried in a radial ball 
bearing or in two Timken bearings in the rear wall of the head. 
Experience has proved that the mounting reduces noise and 
assures the proper locating of the motor pinion relative to its 
companion gear. The mass of metal around the pinion bearing 
is made unusually heavy to absorb vibration. 

The use of rawhide or fiber motor pinions could be resorted to 
but as space and idle time for replacement are extremely valuable, 
hardened alloy-steel motor pinions with bearings mounted 
on the hubs are used exclusively. 

With the feed of the machine driven by a separate motor, 
an interlock in the control system to make it impossible to start 
the feed motor until all head motors are in operation should be 
incorporated. In addition to this, the overload protection 
should be in series, so that should one motor stall, due to an 
overload, the current, will be cut off on all motors. Push- 
button-operated control circuits having the above characteristics 
can be furnished by any of the makers of standard thermal 
overload protected magnetic contactors. 


MouLTIPLE-SPINDLE TAPPING MACHINES 


The tapping machine, shown in Fig. 2, is of the same general 
type as the drilling machine, with the exception that each head 
furnishes its own feed, and is a unit entirely independent of 
any other, so far as its operation is concerned. The mounting 
of the motors is identical to that used on the drills. 

Each head consists of a slide carrying the motor at the rear 
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of the gear chest which contains suitable gearing to drive the 
taps at proper speed and back gearing to drive the coarse-pitch 
feed screw which engages a nut fastened on the base of the 
machine. An operating cycle consists of starting the motor 
and running the taps into the work, when the proper depth is 
reached the motor is reversed, running the taps out of the work, 
and returning the head to the starting position, where the current 
is cut off. 

Motors from 1 to 25 hp. have been used successfully, driving 
up to 65 taps in one head. The larger size heads driven by 10- 
to 25-hp. motors make from one to two complete cycles per 
minute. The control for each motor consists of a standard 
reversing magnetic contactor having interlocks, a limit switch, 
and a start and stop push-button station. 

In operation, the motor is started with the start button, and 
reversed and stopped by the limit switch, which is controlled 
by dogs mounted on the head slide. The stop button is pro- 
vided for emergency, and is used only in setting up. 

Above 5 hp., normal-torque general-purpose high-reactance 
motors are used entirely, since the reversal of the current takes 
place so quickly that automatic compensators will not function. 
The reversal of the motors is so uniform that the heads will stop 
within very close limits, making the tapping of blind holes safe. 
Actual tests show that the motors reverse within one-half a 
revolution of the same point. No provision is made to stall 
the motor when the current is cut off on the return stroke, as 
the coasting of the head caused by the momentum of the motor 
and gearing is not sufficient to cause trouble. 


VARIABLE AND Muotti-Speep Morors 


The superiority of the above motors is best brought out 
in the single-purpose cam-feed machines of which the turning 


Fig. 3) Cam-Feep TURNING AND Factnc MAcHINE 


and facing machine shown in Fig. 3 is a good example. The 
motor and its controls are at the rear of the machine and do not 
show. 

The operation is turning the outside diameter and facing both 
sides of the flange A. Both rough and finish cuts are taken. 
The front facing tools B and C and the rear facing tools D and E 
are carried in tool blocks mounted on the slide F. Tools for 
turning the outside diameter are carried in the small slides ( 
and H. The large facing cutter slide F and the small slides ( 
and H are carried in the heavy revolving head J, journaled in 
the bed and driven by the motor through the worm and worm 
gear. Within the housing J are the reduction gears and cam 
feed for reciprocating the tool slides. 

When the casting has been clamped in position, the motor is 
started, rotating the tool head. The tool slides feed toward 
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the work, the upper end of F moving toward the center and H 
out, feeding the rough-facing tools C and D and the turning 
tool in slide H across the work. 

The cutting speed here must be low, due to scale and uneven 
depths of cut. At the completion of the rough cut, the slides 
are returned at as high rate per revolution of the head as the 
feed cam will produce until the finish-facing tool F and the 
turning tool in slide G are about to engage the work. The feed 
is then slowed down to produce the degree of finish desired. 
After the finish cut, the slides return to their starting positions 
and the motor is stopped automatically. 

The flange on the work in this case is 20 in. in diameter and 
the front face is 1°/; in. wide. With a single-speed motor and 
normal cutting speeds and feeds, a piece is completed in 8.3 
min. A complete cycle is made up of four movements requiring 
the time shown in Table 1. 


TABLE 


1 TIME 


REQUIRED WITH SINGLE-SPEED MOTOR 


(12 rpm, 63 ft. cutting speed) 


No Operation No. of rev. Min 
1 Rough cut 42 3.5 
2 Return 10.5 0.87 
3 Finish cut 29.5 2.43 
4 Return 18 1.5 

Total 100 8.30 


With a variable or multi-speed motor, the second, third, and 
fourth movements can be speeded up. The finish cut can be 
increased 50 per cent above the rough cut, making it 94'/, ft. 
During the return of the tool slides the speed can be increased to 
all that the unbalance of the rotating head will permit. 

Assume this to be 36 r.p.m. and with 94'/, ft. finish-cut speed, 


equal to 18 r.p.m., the movements requiring the time shown in 
Table 2. 


TABLE 2. TIME REQUIRED WITH VARIABLE OR MULTI-SPEED 
N R 


10TO 
No. Operation No. of rev. R.p.m. Min. 
1 “Rough cut 42 12 3.5 
2 Return 10.5 36 0.29 
3 Finish cut 29.5 18 1.61 
4 Return 18 36 0.5 
Total - 100 5.90 


This shows a saving of 2.4 min. on each piece. 

If a direct-current motor is used, it can be controlled by a 
rheostat operated by a cam in the feed mechanism or a set of 
resistance grids for each speed, cut in by cam-operated magnetic 
contactors. With multi-speed alternating-current motors, cam- 
operated magnetic contactors for each speed give the best results. 


Moror Mowuntinas IN WoopwoRKING MACHINERY 


A new type of motor has been developed in the last few years 
known as the “can’’ type, and is used almost exclusively in the 
woodworking-machinery field. It consists of a rotor and stator 
only. The stampings of the stator are held together by a thin 
steel sleeve about '/\. in. thick with its ends spun over the ends 
of the stack of stator stampings, binding them together—thus, 
the name can type. The motor manufacturers furnish the two 
parts, and the woodworking machine manufacturer mounts 
them in special housings to meet the conditions in the various 
types of machines. 

These motors can be had from a very small fraction of a 
horsepower up to 30 hp., and at various standard alternating- 
current motor speeds up to 3600 r.p.m. for 60-cycle current. 
When higher speeds are required, a frequency changer is used 
to increase or boost the 60-cycle current to either 90, 100, or 120 
cycle, which with a two-pole motor will provide 5400, 6000, 
and 7200 r.p.m. synchronous speeds. 

Fig. 4 shows a double-end tenoning machine in which thirteen 
of the can type and two of the standard squirrel-cage motors 
are used. The controls for this machine, as well as other multi- 
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motored woodworking machines, are interlocked so that the 
feed motor cannot be started until the cutter-head motors are 
running. The overload protection is also interlocked, so that 
all motors stop when one is overloaded. In some cases, it is 
necessary that only part of the motors be used, in which case 
special control switches are built in, which carry the starter 
control currents past each of the push-button stations for the 
motors not used. 

Two can-type 5-hp. 3600-r.p.m. motors are shown in Fig. 4 


Fic. 4 Dovusie-ENp TeNoNING Macuine Equiprep Witn 
THIRTEEN Can-TyPE AND Two STANDARD SQuirreL-CAaGeE Morors 


at A, and at B is a standard squirrel-cage feed motor. The 
push buttons are built into a panel at C with the name of the 
motor they control cast next to each button. A master stop 
button is also provided. The magnetic contactors are mounted 
in the heavy dust-tight case at D. 

There is no reason why can-type motors cannot be as success- 
fully used in metal-working as in woodworking machines, except 
that the trade has not the spare motors to use in case of motor 
failures. A number of the larger users of woodworking ma- 
chinery stock the different sizes of motors they use, and most of 
the large electrical companies carry a stock of the sizes most in 
demand at their various warehouses. 


Motor Drives for Precision Grinding 
Machines 
By R. E. W. HARRISON,? CINCINNATI, OHIO 


,‘OR many years the cumbersome countershafts and the multi- 
plicity of belts which characterized the earlier types of 
grinding machines imposed a handicap on production and added 
materially to the general unsightliness and lack of driving effi- 
ciency in the average machine shop. It was therefore only a 
matter of time before serious attention should be given to the 
elimination of countershafts, and a definite effort made not only 
to improve the appearance but to add to the power-transmission 
efficiency of the machines. 

Particularly was this necessitated by the improvement made 
in the metal-removal capacity of grinding wheels, calling for 
the application of much more power to the point of contact 
between the grinding wheel and the work. 

Many of the earlier grinding machines had almost as much 
bulk of machinery attached to the ceiling as to the floor, and 
although accidents from this source were rare, it was generally 
considered by both users and manufacturers that this condition 
of affairs was a reflection on the mechanical ingenuity of all 
concerned. 


3 Engineering Director, Cincinnati Grinders, Inc. Mem. A.S.M.E. 
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As a typical example of the lines along which development has 
taken place, Figs. 1, 2, and 3 show the processes through which 
various types of precision grinding machines have passed during 
the last few years. 

Moror BEARINGS 


It will be obvious to even the most casual observer that the 
tendency is all toward the elimination of the transmission ele- 
ments. However, while this is a highly desirable trend because 
it has the virtue of simplicity, there are difficulties in the way of 
successful applications to grinding machines which do not obtain 
on other types of machine tools. 

The one element which is the most prolific source of difficulty 
in the way of successful grinding operations is vibration, and 
until it is possible for motor manufacturers to produce motors 
which are free from vibration, it is doubtful if the practice of 


COUNTERSHAFT DRIVE 


DIRECT COUPLED 
MOTOR. MOTOR 
ON FLOOR LINE 


Motor on Column 


Fig. 1 DeveLvopmMent oF Motor Drive 1N GRINDING MACHINES 


mounting the motor directly on 
the grinding-wheel spindle will 
become general. Vibrations due 
to end movement of the arma- 
ture shaft are comparatively 


Grinding 
on Mourn 


rare, but vibrations due to lack is— 

of dynamic balance are, unfortu- : 

nately, frequent. It will be re- 

alized on reference to Fig.1,that | 

the vibration in the horizontal | | — 
plane does not seriously affect | L 


the quality of work produced 
on a machine of the type illus- | 
trated, but, on the other hand, 

if we consider a cylindrical grind- | 
ing machine with the motor ar- | 
mature mounted on the grinding- | 
wheel spindle, and if this arma- | Housing S 
ture is not in correct dynamic | — 
balance, vibrations are gen- 

erated in a plane which vitally §£(¢~—-——_-____ 
affects the quality of work pro- Fos. 3. 
duced. 

Machine-tool manufacturers and the users, of course, realize 
the difficulty which confronts the motor manufacturer, this diffi- 
culty being due to the nature of the materials which the motor 
manufacturer has to use to attain his results. However, it is 
only a matter of time before an armature will be produced which 
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will have the virtue of permanently correct dynamic balance, and, 
providing that the motors can be kept within the present limits 
of size, it will be then only a very short time before practically 
all motor-driven grinding machines will be made with the main 
drive motor as an integral part of the wheel head. 

At the present time, even with the main drive motor mounted 
in a position where its lateral vibrations can do the least damage, 
it is necessary to specify the following close limits of accuracy 
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SprnpDLE LocoMoTIVE-CRANKPIN GRINDING MACHINE 


if satisfactory results are to be obtained on the grinding machine. 

If the motor is of the sleeve-bearing type, there must not be 
more than 0.0015 in. clearance between the armature shaft and 
the bore of the sleeve. The armature must be dynamically 
balanced and end movement of the armature shaft kept down to 
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a minimum. Field windings must be accurately spaced and 
clearance between armature and pole pieces must be uniform. 
There is a growing preference among all users of machinery 
for anti-friction bearings, and the motor manufacturers, in com- 
mon with other makers of industrial machinery, have introduced 
a ball-bearing or roller-bearing product. Up to date, however, 
these motors have not been as satisfactory as the sleeve-bearing 
type, owing to the fact that unless anti-friction bearings are very 
carefully mounted, they have not the same ability to damp out 
minute vibrations as have the well-lubricated sleeve bearings. 
Grinding-machine manufacturers have for many years made 
a study of anti-friction spindle bearings for grinding machines, 
and it is only within the last three years that it has been possible 
to mount a heavy-duty spindle of, say, 30 to 50 hp. capacity on 
anti-friction bearings in such a way that the factor of reliability 
has been commercially attractive. However, this is now very 
much the case, and the situation has been changed largely by the 
improvements in material, heat treatment, limits of accuracy, 
and methods of mounting, brought about by special research on 
the part of both manufacturer and user. Improvements in 
material and limits of accuracy in the manufacture of anti- 
friction bearings have made it possible to utilize the pre-loaded 
mounting, the pre-loading in some instances running as high as 
3000 Ib. between bearings, thereby insuring what is to all intents 
and purposes a continuous metal-to-metal contact whatever the 
load. This method of mounting is still comparatively expensive 
and calls for the use of selected anti-friction bearings, and as far 


MACHINE-SHOP PRACTICE 


MSP-51-23 177 


machines will become general practice. However, the motor 
manufacturers are hard at work on this problem, and it will be 
only a short time before the results will enable the machine 
manufacturer to offer a grinding machine complete with electrical 
equipment of the same high state of efficiency as on the wheel- 
head bearing portion as the machine. This close cooperation be- 
tween the electrical-equipment manufacturer and the grinding- 
machine manufacturer is characteristic of that which has been 
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responsible for the rapid prog- 
ress of the machine-tool industry 


during the last ten years. 
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The creed of the successful: 
designer must invariably be sim- 
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as the writer’s observations go, it seems that it will always be 
necessary for the process of selection to be used. 

The electrical-equipment manufacturers, on the other hand, 
have endeavored to use commercial anti-friction bearings without 
adequate pre-loading, and this has resulted in the transmission of 
vibrations from the motor to the machine, causing chatter marks 
on the work. 

The ball-bearing motor for practically all commercial applica- 
tions is undoubtedly an excellent motor, but until an improved 
type of armature-shaft mounting is available, it is doubtful 
whether the application of these motors to precision grinding 


STANDARD MOTOR (FLOOR MOUNTING) 
FLEXIBLE COUPLED 


Various Moror ARRANGEMENTS 


bility. However, there are con- 
siderations which affect all three 
of these highly desirable virtues, 
and as the grinding machine in 
the last analysis is always judged 
by the quality of work which it 
produces, it is sometimes neces- 
sary to sacrifice one or two or 
even three of these virtues. Con- 
siderations of floor space, time 
taken to install, and the fetish of 
neatness of appearance have 
brought about the use of the 
barrel-type motor without feet, 
in which the motor is carried 
on a flanged mount in the side 
of the machine. This is un- 
doubtedly the best looking ar- 
rangement mechanically which has yet been devised, but it en- 
tails difficulties in servicing which have led a number of users 
to specify alternative methods of mounting as illustrated in Fig. 4. 


VARIABLE-SPEED Morors 


For the work-rotation drive, variable-speed motors of up to 
3 hp. have been used extensively. So far a speed range of 3 to 1 


has been the only one practicable, but efforts are being made by 
the electrical manufacturers to produce a motor which will have 
a speed range of 6 to 1 and develop a reasonable amount of power 
at the low end of the range. 
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The variable-speed motor with simple circular-rheostat control 
has much to commend it because of its simplicity and infinite 
variety of speeds within the 3 to 1 range. 

Although the wish has been at times expressed to have variable- 
speed motors on the grinding-wheel drive, this is a dangerous 
policy, inasmuch as it is extremely difficult to guard against 
putting a full-size wheel on the machine and running the motor 
at the maximum speed, thereby causing the danger of a burst 
grinding wheel with possibly fatal consequences. 

The typical load-cycle chart of any grinding~operation is shown 
in Fig. 5. 

It will be noted that as a typical example, a 20-hp. machine 
has been chosen, with a maximum metal-removal capacity of 
2cu.in. permin. Ona center-type cylindrical grinding machine 
there is invariably a period which ranges from 1 to 2 min., de- 
pending upon the characteristics of the job as shown in the 
cross-hatched portion of the diagram, which is the time taken in 
reducing the piece to a true cylinder prior to the time when the 
grinding wheel can be operated at its maximum cutting efficiency. 
Period AA indicates the time involved in reducing stock at the 
maximum rate of metal removal. Portion BB indicates the 
tapering off of the metal-removal part of the operation and the 
beginning of the finishing operation. Period BC indicates the 
time taken to build up finish and accurate sizes. 

From this chart it will be noted that the chief characteristic 
of the motor employed for driving the grinding wheel must be 
capacity to run at constant speed and at maximum load for ap- 
proximately fifty per cent of the time it is in service. The only 
difference between the center type and the centerless grinder load 
chart is that the maximum-load condition of the total cycle is 
longer on the latter because of the fact that the piece is more 
quickly brought to a true cylinder, since the grinding wheel oper- 
ates on a diameter measurement rather than a radial measure- 
ment. For the same reason the terminating phases of the oper- 
ation are shorter, because of the increased rigidity of the machine. 

Experience has proved that it is entirely futile to attempt to 
obtain economies by cutting down on the horsepower available 
at the point of contact between the grinding wheel and the work, 
as it is an essential feature of successful grinding-wheel operation 
that the correct peripheral speed be maintained, even under the 
heaviest duty which the machine is called on to perform, other- 
wise the wheel surface is broken down and the wheel ceases to 
function as an accurate cutting tool. 


Moror ContTROL 


Push-button control is now the order of the day. Where the 
machine manufacturer supplies the electrical equipment, the 
push button is invariably recommended. Contactor panels, 
operating in conjunction with a remote push-button control, 
must be placed in an accessible position, as they are all of the 
type which requires supervision. 


ACROSS-THE-LINE’’? Motors 


This type of motor is rapidly becoming more popular, and 
while it costs a little more than the standard type of alternating- 
current motor, the control panel is cheaper and offsets this extra 
cost. The chief advantage of the “across-the-line’’ equipment 
is its simplicity, and it is felt that it is only a matter of time before 
the electrical power supply companies so arrange matters that all 
machine-tool equipment calling for motors up to 30 hp. will be 
fitted with motors of this type. 

At the present time many supply companies are opposed to 
the installation of across-the-line motors on account of the 
rush of current involved in starting up. However, with such a 
motor and a suitable transmission element, with an adequate 
factor of safety to take care of the torque involved in starting up 


the mechanism, the equipment represents the best combination 
which the user of today can buy. 


Methods of Motor Application and 
Controls on Lathes 
By CHAS. L. CAMERON,‘ NEW YORK, N. Y. 


N VIEW of the increasing popularity of individually motor- 

driven machine tools, especially lathes, this is a subject of 
vital interest not only to the machine-tool manufacturer but to 
the user as well. Every one is familiar with the rapid swing from 
the overhead countershaft drive for machine tools to the self- 
contained motor drive. Our records show that during the past 
ten years the individually motor-driven lathes have stepped up 
from approximately 15 per cent of our total production to up- 
wards of 90 per cent today. 

When the motor drive was first applied to lathes, the motors 
were mounted on top of the headstock and the driving was usually 
by means of either gears or silent chain. During the past four or 
five years, on lathe sizes of 20-in. swing downwards, motors are 
mounted inside of a cabinet base underneath the headstock. 
This method of mounting the motor has obvious advantages 
over mounting it on top of the headstock. It permits better 
light and clearer vision throughout the department, lessens 
vibration resulting from an improperly balanced motor, and 
makes the headstock unit more accessible in case of needed ad- 
justments. 

Since there has been little or no standardization among motor 
manufacturers of frame sizes, armature-shaft dimensions, motor 
bolt-hole dimensions, etc., the application of a motor to a 
lathe is a case of fitting each one individually. Below are some 
of the difficulties experienced: ; 

1 It is impossible to jig-drill and tap the motor plate. 

2 It is necessary to fit each motor, lay off the holes, take the 
motor plate off the machine, drill and tap it, and then put it back 
again. 

3 It is not possible to carry motor pulleys, sprockets, or sheave 
pulleys in stock bored and keywayed ready for use; each must 
be made up after the motor has been selected. 

4 It is impossible to carry standard motors in stock. Fre- 
quently considerable delay is experienced waiting for customers 
to send certified prints and motor to the plant to be attached, 
entailing a loss of time and unnecessary freight expense. 

5 Frequently customers neglect to have the proper starting 
apparatus sent at the same time with the motor, causing con- 
fusion and more delay and making it impossible properly to 
attach and enclose the wires between motor and starter. 

6 It is almost impossible for lathe builders to consider the use 
of flange mounting due to the lack of standardization of frame 
sizes. In Germany the better lathe manufacturers have for some 
time used the flange mounting on the motor drive for the reason 
that standardization of motors in Germany has advanced much 
farther than in this country. 


Best FOR MANUFACTURER TO ProvipE Moror 


If the machine-tool manufacturer could include the motor and 
controller in his machine as a component unit without identit) 
just as if it were a standard part of the machine such as a spec! 
gear case, the problem would be greatly simplified. 

As the range of motors used on lathes is between 2 and 15 hp., 
with probably 90 per cent of the motors of 7'/; hp. and under, 
the manufacturer could carry in stock motors and starters of suit- 
able voltage ready for instant application. The savings that 
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would be effected if this practice could be adopted would be 
greater than those which the users now think they make by buy- 
ing their own motors, and of course these savings would be 
passed on to the users. Much time, expense, and confusion 
would be saved, as every one is familiar with the number of 
questions that arise when ordering a motor-driven machine, such 
as horsepower, voltage, speed, style of starter, switches, etc. 
These details have to be settled with every order that is taken 
when customers order their own motors. 

To provide for the many varieties of motors the manufacturer 
must design his machine so as to take almost any motor that 
may be selected. This causes considerable trouble and fre- 
quently spoils the symmetry of design and distorts what otherwise 
might be a machine of very pleasing lines. 

Wherever possible or practicable it is always advisable for 
the lathe manufacturer or the machine-tool manufacturer to 
mount the motor on the tool and do the necessary wiring. In 
this way the lathe can be tested out and operated under its own 
power before shipment to the user, and such wiring and motor 
application can be done at a lower cost by the tool manufacturer 
than by the user. This also shifts from the user to the manufac- 
turer the responsibility of securing a perfect motor-drive applica- 
tion. There still remains the dual responsibility when the cus- 
tomer selects and purchases his own electrical equipment. 

All machine-tool users as well as manufacturers will welcome 
the day when the motor manufacturers standardize on these 
essential points and when this has been done millions of dollars 
will be saved annually, not only by motor manufacturers but by 
the users of motors as well. 

During the past several years silent chain from the motor to 
the friction driving clutch on the machine has been the method 
of drive most universally used. Quite recently, however, the 
multiple V-belt has been growing in popularity due to its practi- 
cally noiseless operation and the fact that it will operate effi- 
ciently, without slippage and with less attention to adjustment 
than other types of drives. With the silent-chain or the gear- 
connected motor and clutch pulley it is essential to maintain 
the correct distance between the motor shaft and the driven 
shaft. This is not so essential with the multiple V-belt drive. 
It is essential, however, in mounting the motor either inside the 
self-contained cabinet leg or on top of the headstock or at the rear 
of the lathe, to provide an easy and efficient means for compen- 
sating for the stretch of the multiple V-belt. 

While the first cost of installation of the countershaft group 
drive in the lathe department is considerably less than for the 
self-contained individual motor drive the majority of production 
engineers agree that in the long run lathes driven by individual 
motors are the more economical to install because with the 
far greater convenience in securing spindle speeds, the operator 
will be more likely to operate each job at the proper spindle 
speed. 

More power can be delivered to the cutting tool through the 
individually motor-driven lathe than through the countershaft 
belt-driven machine. Machines may be flared conveniently and 
operated as individual units in emergency cases. 


TENDENCY TO OvER-MoToR 


The effective means of keeping down the original cost of in- 
stallation on motor-driven lathes is not to over-motor the machine. 
There has been a tendency among lathe builders as well as 
builders of other machine tools to recommend motors of far 
greater horsepower for a given size of lathe than is actually nec- 
essary. This over-motoring recommendation is the result 
either of ignorance on the part of the manufacturer, or more 
likely of a desire to create in the mind of the buyer an inflated idea 
of the amount of power his machine is capable of handling. We 
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have in use in our plant a battery of large turret lathes for each 
of which the manufacturer recommended 15- to 20-hp. motors. 
We are operating these turret lathes with 7'/.-hp. motors and 
machining large chrome nickel steel forgings taking as heavy cuts 
as the machine will stand and we are not overloading these 7'/:- 
hp. motors. 

The frequently noted fact that a motor of comparatively 
small power will drive a considerable group of machines, including 
lineshaft, countershafts, and all the belts indicates the frequent 
over-motoring of individual machines. 

The use of central power station current is growing very rapidly 
and the item of connected load is becoming a very important 
factor, emphasizing that care should be used in selecting 
motors. 

Another factor materially lessening the horsepower required 
to drive a lathe is the more generous use of anti-friction bearings 
throughout the headstock and quick-change gear box and apron, 
resulting in quite a decided saving of power. Repeated tests in 
turning 60 carbon steel with a °/,-in. depth of cut, 0.145-in. feed, 
at 55-ft. cutting speed on a lathe completely Timkenized showed 
that less than 10 hp. was required to drive the lathe, whereas 
with the old accepted formula for figuring the horsepower re- 
quired to remove this amount of metal over 20 hp. would have 
been required. A motor used at its rated capacity is more 
efficient than if operated at a lower horsepower. 

While on the subject of anti-friction bearings we find a very 
decided swing in demand from plain-bearing motor shafts to 
motor shafts mounted in improved anti-friction bearings. The 
reason for this is obvious. Many of the best regulated produc- 
tion plants in the country will install nothing but motors that are 
equipped with anti-friction bearings. Our own plant is one of 
these. 


Types or Morors 


Most motor-driven lathes are operated by the constant-speed 
alternating-current motor, because of the prevalence of the use 
of alternating current. 

Because lathes must be operated at a number of speeds the 
so-called geared headstock is provided. Where direct current is 
available some use is being made of the variable-speed motor, 
thereby securing a wide range of spindle speeds either through the 
complete regular geared headstock or by means of a simplified 
geared headstock. With the direct-current variable-speed-motor 
drive is usually furnished a drum-type controller which is con- 
trolled at the apron of the lathe by mechanical means for the 
convenience of the operator in starting, stopping, reversing, and 
the getting of various speed changes of the motor. Even with 
the alternating-current constant-speed motor it is frequently 
desirable to reverse the rotation of the spindle which is usually 
done by providing a drum controller with a reverse position, 
operated by mechanical means from the apron of the lathe. 

There are numerous control features for motors for operating 
lathes, most of which are good, and consideration should be 
given to the type of service required of the motor and lathe in 
selecting the electrical starting and controlling apparatus. 

Some use is being made for lathe application of the alternating- 
current, multi-speed, constant-horsepower type which can be 
secured with as many as four speed changes. The size of such 
motors and their expense has limited their use in this field. 

The development of an alternating-current, variable speed, 
constant-horsepower motor having at least six or eight speed 
changes with a motor of reasonable size and price would revolu- 
tionize the design of lathe headstocks as well as many other 
classes of machine tools, and it is to be hoped that motor manu- 
facturers are doing the necessary research to develop such a 
motor. 
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Discussion 


F. C. Spencer. These papers are particularly interesting 
because the Western Electric Company has been fostering the 
individual-motor drive for a great many years and has had to 
apply motors to a great many standard machines because of the 
fact that they could not be bought with motors already mounted. 
In connection with Mr. Harrison’s paper on the motor-driven 
grinder, about 15 years ago we made a study of polishing and 
buffing, to find out proper speeds and the best condition of 
operation, and we discovered that the output of our machines 
could be greatly increased if we maintained the correct circum- 
ferential speed of the wheel, which was not possible with a belt- 
driven machine. Asa result of that study we designed polishing 
machines which had the buffs and polishing wheels mounted 
directly on the armature spindle, which extended on either 
side of the motor. We use direct-current motors so that we 
can change the speed of the motors as the buffs wear down, in- 
creasing the speed as the diameters decrease. 

In order to regulate that speed properly, we added a speed 
chart or plate on the front of the machine, just above the motor, 
with a handwheel control connected with the rheostat, and from 
this chart a man can tell the correct position of his indicator in 
order to obtain the speed he wishes. 

A problem that arose in connection with this development was 
that of making it impossible for the wheels to run too fast. In 
order to prevent this, we connected the control handwheel 
mechanically with an arm that extended across the back of the 
wheel or buff, so that the operator could not put the wheel 
on the spindle if the arm were in the way. He had to turn 
his handwheel and move the arm away from the wheel in order 
to get it on, and in so doing he operated the rheostat, decreasing 
the speed of the motor to the proper and safe circumferential 
speed. These motors are equipped with double-roll self-aligning 
bearings, and they have been running for about 15 years and 
giving entire satisfaction. 


CuHarLes Farr. Mr. Cardullo’s paper shows that he has 
made an exhaustive study of the subject, and it will prove valu- 
able to those interested in planer drives. 

It may be of interest to some to know that motors for driving 
planers were developed which gave a speed range from zero to 
1000 r.p.m. and even higher, but they were of the constant- 
torque type; also, other motors were developed in combination 
with the control which gave a reversal so rapid that they were 
not practicable, because they imposed too great a strain upon 
both the motor and the machine tool. 

The most satisfactory reversing-planer drives are necessarily a 
compromise in order to obtain the more desirable characteristics, 
such as long life for both motor and control, the avoidance of 
undue strain upon the machine, the reduction of difference in 
over-travel to a minimum between cut and no-cut, and the pro- 
tection against over-travel in case of failure of voltage, etc. 

Although generally true, it does not necessarily follow that a 
belt-driven planer will give a higher efficiency of reversals on 
short stroke than a reversing motor. A 36-in. frog-and-switch 
planer, for instance, belted to take the equivalent of a 100-hp. 
cut, reversing on short stroke, would not be so efficient as the 
reversing motor to take like cuts. 

It would appear that Mr. Mansfield’s experience with electric 
motors has been both unusual and unfortunate and that this 
experience has led him to think of motors in terms of failure 
rather than as a convenient and lasting means of driving the 
machine. It could hardly be considered anything but a step 
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backward today to abandon good design so that any old motor 
might be used in case of motor failure. Possibly some of these 
motor failures were due to using the wrong type of motor or 
because the motors were too light for the work, or it might be 
only apprehension. The reason given for dropping the flange 
type of motor mounting does not seem justifiable. 

The author seems to have overlooked the fact that there are 
many thousands of successful motor applications, driving through 
metal pinions without outboard bearings. 

In speaking of the advantages of ‘variable and multi-speed 
motors,’’ it would appear that adjustable speed was meant in- 
stead of variable. The description given of the drawn-shell 
motor applies only to the smaller sizes, and the statement that 
they are used almost exclusively in the woodworking machinery 
field is very far from the mark. More of these motors are used 
in other fields than for woodworking machinery, and their speed 
range is far beyond the 7200 r.p.m. mentioned. 

The statement that “there is no reason why can-type motors 
cannot be successfully used in metal-working as in woodworking 
machines,’’ seems justifiable, particularly as they were used in 
large numbers to drive metal-working machines, even drilling 
and tapping machines, before they were used in the woodworking 
machinery field. 

Mr. Harrison stresses the necessity of the motor manufacturer 
building motors more carefully balanced and equipped with 
better fitted bearings than is now standard practice for grinders 
and other precision machinery. In general, most of us will agree 
in this, yet it is doubtful if this can be satisfactorily accomplished 
by the motor manufacturer, because of the very elastic meaning 
both of balance and precision. 

Some talk of precision in terms of a ten-thousandth of an 
nch, others in terms of a hundred-thousandth, and others again 
in terms of a millionth of an inch. The whole subject of pre- 
cision is relative, and for that reason better results would be ob- 
tained if the manufacture of precision machinery would balance 
and mount the motor in the manner best fitted for his purpose. 
There is no reason why the rotor of the squirrel-cage motor can- 
not be permanently balanced. 

The meaning of the phrase, ‘selected, anti-friction bearings,” 
has undergone something of a change. Formerly it meant se- 
lecting bearings from the general run of production, but today 
the precision bearing is manufactured as such, and selection for 
extreme conditions of accuracy is from the precision group. 

There is much more than appears on the surface to Mr. 
Cameron's statement regarding the difficulties of designing ma- 
chine tools so that practically any make and kind of motor can 
be used. Many creditable designs that would be advantageous 
from the standpoint of quality or quantity production, to say 
nothing of appearance, have been abandoned and mediocre 
designs used because of the apparent demand that the machine 
be constructed to take any form of drive suggested by the 
customer. 

Something can be done to improve this situation, but first it 
should be determined how much of the demand for every con- 
ceivable type of motor is real and how much of it has been crea- 
ted or at least helped along, possibly by an overzealous sales 
force catering too seriously to the whims of prospective customers. 
This policy is not always satisfactory even to customers them- 
selves and, as might be expected, leads to the equipping of 
machines with unsuitable electrical apparatus. 


Grorce E. Rerrr.? The paper by Mr. Cardullo is very in- 
teresting in that it presents the subject matter from an entirely 
new angle. The author deals with the automatic control of the 
reversing-planer motor, the various methods and type of control 
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used, their advantages and adaptability, and then shows with 
the use of test data and mathematical deductions that the 
higher return speeds are often used, with the result that a loss 
of time and production is obtained, while the operator is under the 
impression that the higher the return speed the shorter will be 
the time of the cycle of cut and return strokes. This is very 
well shown in the paper and, as the author states, is due to the 
fact that the time lost in reversal is very nearly proportional to 
the square of the speed and that really the proper return speed is 
a direct function or depends upon the length of the cutting stroke 
in order to attain maximum production. The writer’s experience 
in the design and application of reversing-motor drives to planers 
has resulted in the verification of the foregoing statements. 
Through actual contact with the operators and the reversing- 
planer motor equipment in a large number of machine shops, 
the writer has found that the majority of operators will set their 
control for the maximum return speed regardless of the length 
of the cutting stroke, they probably being misled by the belief 
that the higher they set the return speed the greater the saving 
in time, while in fact the stroke is too short for the motor to 
accelerate to its pre-set speed. Logically from this one arrives 
at the conclusion that in order to get the maximum production 
and saving in power which the direct-connected reversing drive 
gives, the operator should be educated in the proper setting of the 
rheostat for return speeds, as determined by the length of the 
cutting stroke. ° 

With reference to knowing what the planer and its drive are 
doing, a study of the same is made very interesting by the method 
outlined by the author in what is known as the “space time” 
diagram. This method may be a little too complicated and 
exacting for the average shop superintendent to undertake, in 
which case an integrating wattmeter speed counter or feet-per- 
minute meter and a stop watch may be used with fairly approxi- 
mate results. 

The direct-connected reversing-planer motor drive, when 
properly applied, controlled, and operated, will show increased 
production and a considerable saving in power over the belt 
or pneumatic-clutch drive, using a constant speed, non-reversing 
motor, and also a saving in maintenance. In the single- or 
double-belt type of drive about 40 per cent of the power delivered 
by the motor is used in removing metal. The pneumatic-clutch 
type may run as high as 50 per cent, while in the reversing-planer 
motor this will run as high as 70 to 75 per cent. The reversing 
motor drive has greater flexibility in that it provides a wide 
range of cutting speeds, which is needed in finishing and roughing 
cuts and for metals of various degrees of hardness, also a return 
speed most efficient for the length of cutting stroke used. Another 
advantage, if the motor is properly proportioned in design and con- 
struction, is that of being able to take heavier cuts than normally 
required, without laboring or injurious heating, while in the 
belted type trouble is encountered due to belts slipping or 
breaking. The writer has seen as much as 100 per cent overload 
put on a reversing motor drive, where it was found necessary to 
increase production temporarily, and the motor carried the load 
nicely with the provision of additional air for cooling purposes. 

In the design of motors for this service it is important that the 
revolving part of the motor, the armature or rotor, be properly 
proportioned. The active material in the armature should be 
proportioned so that the length is as great and the diameter 
as small as is consistent with good design for the rating. The 
reason for this is to keep the kinetic energy of the revolving mass 
low, so that the power required or energy dissipated at the time 
of reversal is a minimum. The author strikingly brings this 
out in the example which he gives, where with a 10 to 1 gear 
ratio in the planer and a radius of gyration in the armature of 
0.416 ft., a pound added to the armature has the same kinetic 
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energy as 684 Ib. added to the planer table. As mechanical 
engineers, we know this as WR? or flywheel effect, and motor 
designers of this type of equipment realize the importance of 
keeping this as low as design factors will permit. 

The method of control commonly used with the reversing- 
planer motor is usually one of two types; namely, dynamic brak- 
ing or plugging. These are explained in principle by the author. 
The plugging type, in the writer’s opinion, is preferable, providing 
the safety features inherent to dynamic braking are embodied 
in it. Plugging gives a quicker reversal and get-away, giving 
increased production, which in these days is the important ob- 
jective in manufacturing. Dynamic braking control, which is 
not as fast as plugging, has safety features that are valuable in 
case of power failure, but these features are now embodied in 
the plugging type. 

The variable-voltage drive, described briefly, is, so far as the 
planer-drive motor is concerned, essentially the same in prin- 
ciple as the constant voltage, with the addition of a few special 
features in the design of the motor to improve the speed regu- 
lation when operating on reduced voltage. The motor on ac- 
count of the control must of necessity be driven from a separate 
source of power, a small motor-generator set. The control of 
the planer motor is through field weakening and variable voltage 
applied to the motor armature. The variable voltage is obtained 
by increasing, decreasing, or reversing the generator field, which 
is separately excited, as is the planer-motor field by a small 
exciter direct-connected to the motor-generator set. The reversal 
of the planer motor and, consequently, the table of the planer is 
obtained by the breaking and making of the generator-field 
current, which is a matter of a few amperes. This has an ad- 
vantage over the constant-voltage control, where the armature 
circuits are broken and established in reversing the motor, in 
that much smaller currents are handled with smaller contactors 
and less wear and tear on the contactors. Other advantages to 
the variable-voltage drive are a very wide range in cutting and 
return speeds, perfect regenerative and cushioning effect at 
reversal, accuracy of reversal, and smooth acceleration. As to 
the range in speeds, ratios of 10 to 1 and 12 to 1 from minimum 
cutting to maximum return speed are common. Cutting speeds 
between 12 to 60 ft. per min. with return speeds 60 to 150 ft. 
per min. have been successfully obtained. The writer knows 
of one installation where, in a test to see what limits could be 
reached, a cutting speed of 6 ft. per min. and a return speed of 
180 ft. per min. were obtained, giving a 30 to 1 ratio. This of 
course is going to extremes, but it shows the possibilities. An- 
other very noticeable feature of the variable-voltage drive is the 
absence of shock or jerking to the planer when reversed at these 
high return speeds, which is due to the magnetic cushioning. 
Frequently planer installations are made in shops where direct 
current is not available, in which case, in order to use a direct- 
current reversing motor drive, a motor-generator set is necessary 
to furnish power. In this case it is well to consider the variable- 
voltage drive because of its increased range of service, and it 
requires very little more equipment because, in either case, a 
motor-generator set is necessary. 


J. C. Lincotn.§ The motor manufacturers are trying to do 
their best to give the customers what they want, but I presume 
that, on the other side of the fence, when we are buying machine 
tools we have some trouble in getting just what we want. 

As to Mr. Cardullo’s paper, we have been in the business of 
furnishing elevator motors. In elevator motors reversal of the 
motor is necessary, in order to reverse the motion of the car. 
We have had more or less difficulty in building these motors, 
due to the heating of the motor. All the,motors_we_make are 
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alternating-current motors, and it has been shown by mathe- 
matical demonstration that the kinetie energy in the motor is 
equal to the heating of the motor when it is stopped, when a 
squirrel-cage motor is used. 

For instance, suppose that we have a rotor of a motor kinetic 
energy of 1000 ft-lb. That 1000 ft-lb. will appear as heat in the 
rotor of the motor when the motor is stopped. Due to rapid 
reversal, of course, the heating of the rotor is considerable when 
the reversals are frequent enough. That probably would be one 
element which would have to be considered in any planer drive. 
Of course, in the case of the direct-current motor, the heat can 
be taken out of the armature and put into the control apparatus, 
but in the case of a plain squirrel-cage motor, the only place for 
the heat to go is in the rotor windings themselves. 


W. 8. Huson.’ I am associated with printing machinery, 
and we have one thing to contend with in printing presses that is 
akin to some of the troubles in machine tools. You call it 
chatter; we call it jump. 

If you will look at a morning newspaper, particularly if printed 
on a somewhat old machine, you may notice that the head and 
foot of the pages are blacker. The cylinders react under the 
pressure so that in rolling off the edge of a plate they go in 
a little and leave a friar, as the markings are called. Then, as 
the head of the plate enters, it gives a black mark. 

We now have machines of different makes in which the en- 
deavor is to overcome the difficulty, for after all, it is chatter, 
but in printing it is a continuity of chatter, because the type, 
traveling very fast, has a chattering action. In one case, cylin- 
ders are mounted upon staggered roller bearings because with a 
straight-line roller bearing it is found that the interval between 
each pair of rollers shows in the print, so that the rollers are now 
made in staggered sections. So far, it seems to work very well. 

Lubrication seems to be fairly well taken care of. We are 
also trying out running the cylinders, which revolve in the neigh- 
borhood of 620 r.p.m., in plain bearings of a special white-metal 
composition which does not have the seizing property that bronze 
seems to have. To offset the chatter there is placed at the outer 
end of the bearing an annular ball-bearing set eccentric to the 
journal so that it is held firmly against one side of its box and 
held rigidly by this roller bearing. The opposite side, of course, 
gives ample room for the oil to lubricate. So far it is working 
excellently, and the friars at the head and the foot of the pages 
do not show. There may be something in this that will be of 
service to you, for here is a condition somewhat similar to the 
usual practice in the machine shop. 


Cuarues 8. Beacu.” In connection with the chain feeds 
and the chain drives and also the multiple motors, a matter 
has come up in my experience that does not seem to have been 
covered and that is in relation to the control of these motors in 
case some should be overloaded. This that I speak of is in 
connection with a cutting-off machine in which there were two 
motors, independently adjustable as to distance apart, for cut- 
ting pieces to length, and the work was fed through these saws 
by a chain feed. Sometimes, due to the grain of the wood, 
it would shut up in the cut on one saw, and consequently stop 
that motor. That chain feed kept on going., I have had to 
straighten those shafts several times. At last it became my 
opinion that the shafts had been straightened too many times 
and that something should be done. I suggested to the elec- 
trician an attachment that could be arranged to stop the feed 
when the speed of the saw was reduced below a certain point, 
and he did it. 


* Ansonia, Conn. 


Mem. A.S.M.E. 
Jun. A.S.M.E. 


© Designer and Machinist, Bennington, Vt. 


Avutuors’ CLOSURE 

Mr. Mansrievp. All of the machines that I showed on the 
screen, with the exception of the turning and facing machine, 
are fully equipped with ball or roller bearings. Every bearing 
in the machine on a shaft that is driven by power is carried on 
either a ball or a roller bearing. The tendency in the wood- 
working trade is to use Timken bearings on secondary shafting, 
at slow-speed work. Among some of the manufacturers all of 
the high-speed spindles, from probably 1800 up to 7200 or 10,000, 
are on a precision type of deep-grooved bearing. There were a 
few of us who tried to get away with ball bearings on the spindles 
by using the self-aligning bearing, but we did not get anywhere. 

In regard to Mr. Cardullo’s paper, we have quite a large 
number of planers in our plant, all of the recent ones having 
direct-reversing motor drive. The earlier ones are all belt drive. 
It is our experience, through careful study, that we get higher 
efficiency out of our belt-driven machines on short-stroke work 
up toabout 18in. But above that we get better results with our 
direct-motor-drive reverse. The matter of return speed was 
brought out very forcefully when we went through our planers 
to check up on it. We found some of them that we were actually 
losing in our output due to the high return speed and the cutting 
speed that was a trifle slow. 

Mr. Harrison. Mr. Spencer mentioned polishing and buffing 
machines. These machines hardly come within the sphere of 
precision-grinding machines, but inasmuch as the matter is an 
important one, I would like to say that variable-speed motors 
have distinct advantages on polishing machines, as the output 
from the machines is controlled to a large extent by the main- 
tenance of the correct cutting speed. In considering all ma- 
chine-tool applications, output is the key to the situation. If 
we do not get output, we are ineffective in what we set out to 
accomplish. 

It is comparatively easy to arrange a mechanical device which 
will limit the size of wheel that is fitted on the machine and inter- 
lock this with the switch mechanism. But all know the type of 
maintenance man who will put a penny or a nail across the fuse 
points. Now that type of mentality is at work in all our shops. 
I run into it frequently in going around among the users of ma- 
chine tools. We put a motor into a machine and arrange the 
trip mechanism so that the switch gear will trip at, say, 30 hp.; 
if that condition crops up continually, the operator or the main- 
tenance man will put in some heavier fuse wire or place a nai! 
across the fuse points, and you run into mechanical breakdown 
troubles. 

An interesting point was made in connection with variable-speed 
motors. There has been considerable advance, particularly 
during the last two years, in the efficiency of grinding wheels 
By efficiency I mean metal-removal capacity measured in cubic 
inches of metal removed per minute, consistent with a given 
horsepower applied. 

The Bakelite Corporation has probably done more than any 
one else, working in conjunction with two great wheel producers, 
the Norton Company and the Carborundum Company, in de- 
veloping this proposition. It is very common practice now in 
foundry snagging operations to use wheels with a periphera! 
speed of 9000 feet per minute, and the Bakelite Company's 
claim is that by ‘taking the old standard peripheral speed o/ 
6000 feet per minute and increasing that by 50 per cent, bring- 
ing it up to 9000 feet per minute, we get a 30 per cent increase 1!) 
metal-removal capacity, and the same factor of wheel wear to 
metal removed.” 

That is a big thing and represents the greatest advance tha! 
has been made in grinding during the last 15 or 20 years. That 
type of wheel has been applied, however, only experimentall) 
to precision grinding machines. The Norton Company and the 
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MACHINE-SHOP PRACTICE 


Carborundum Company, in conjunction with the builders of 
grinding machines, are hard at work in an endeavor to make a 
commercially attractive product, combining this wheel with the 
right type of machine, to give the users of grinding machines the 
advantage of this high rate of cutting speed. You realize what 
that means on the class of work which will stand that higher 
cutting speed. We get a 30 per cent increase in output. I think 
that within the next 12 months all the users of precision-grinding 
machines will have placed at their disposal a machine of very 
much greater efficiency than the one that is available today, 
and in this connection, too, the machines that are being offered 
today have approximately 100 per cent greater metal-removal 
capacity than those which were available at the termination of 
the war, in 1918. 

There is, on the part of many users of grinding machines, a 
feeling that the builders ought to supply the machines with a 
variable-speed drive to the grinding wheel, but I think in many 
cases it is based on an erroneous supposition. In other words, 
the cutting action of a grinding wheel is dependent on the 
differential which exists between the speed of the work and the 
speed of the grinding wheel, and you know that it is so very much 
easier to control your work-rotation speeds which start, say, 
at 40 r.p.m. and run up to 120 or 200 revolutions, and trans- 
mitting, say, 2 to 3 hp., than it is to control a grinding-wheel 
speed which is around 1000 r.p.m. and transmitting anything up 
to 40 hp. The mechanical problem or the design problem in 
dealing with those two factors is so divergent that we are natu- 
rally thrown into a design of machine which has great variation in 
work speed. It is the practice on all modern grinding machines 
to give the user at least 12 speeds of work rotation, and that 
variation in speed takes care of the differential which is necessary 
to enable the wheel to cut efficiently between, say, 5500 feet 
per minute and 7000 feet, at which the new wheel starts out. 

The point about the increased durability of the wheel or the 
length of time that the wheel will operate between dressings is 
very well taken, and it is this factor which has led to more 
attention being given to the provision of adequate work-rotation 
speeds. Generally speaking, just as a matter of guidance, the 
speed of work rotation past the grinding wheel is in almost all 
cases the same peripheral speed as that which you get in a modern 
lathe using high-speed steel tools. 

There is one typical example that I would like to call your 
attention to, where we have a happy combination of a machine 
which can accommodate any type of motor, and that is the center- 
less grinder. The design of the centerless grinder is such that 
the major elements lend themselves to an arrangement whereby 
you mount the motor on the back of the machine, drive across to 
a jackshaft, and then up to the spindle. 

The vibrations in a motor driving a grinding machine which 
are dangerous or which are difficult to control, and which have 
the most detrimental effects on the work, are the vibrations which 
take place in the lateral plane. In other words, they tend to 
make the grinding wheel synchronize in vibration with the motor, 
and the grinding wheel being in contact with the work repro- 
duces those vibrations on the work surface. 

However, we have this happy combination in the centerless 
grinder, that we have a comparatively long regulating wheel 
slide, and if there is a vibration in the machine, the tendency 
is for the whole machine and the work and the motor to vibrate 
together synchronously and in such a way that chatter marks 
are not produced on the work. If you take the more conventional 
type of grinding machine in which we have a grinding wheel 
mounted on a frame, the grinding wheel head is usually held 
down by gravity. The work table also is held down by gravity. 
Any vibration in these members is transmitted to the work. 
On account of the fact that in this machine we are working on a 
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radius, any error here is doubled on the diameter. In other 
words, it is twice as serious on this type of machine as on the 
centerless type. 

Another point was mentioned—Mr. Fair, I think, said that 
squirrel-cage motors could be permanently balanced. Well, that 
is true up toa point. A squirrel-cage motor which is dynamically 
balanced in the first place, will, generally speaking, remain in 
fairly good dynamic balance, but the demands which are being 
made today on precision-grinding machines are such that the 
qualification ‘‘nearly”’ is not quite good enough. We must have 
something better. In other words, another of the speakers 
mentioned a precision of a thousandth or a tenth of a thousandth. 
We are working in tenths of thousandths today. Our result of 
this disregard of tenths of thousandths has been the growth of 
the process of lapping. Many people today are lapping their 
products after precision grinding, due simply to the fact that 
their precision-grinding machines are not delivering the goods. 

Personally, I prefer to take the viewpoint that we will work 
toward the elimination of those elements which make lapping 
necessary. It will always be necessary for certain classes of 
work to have a lapping operation, but it is a lengthy, expensive 
process, which I think all mechanical engineers would be glad to 
be rid of. 

Mr. Lincoln raised a vitally interesting point to people who use 
motors on their grinding machines, and that is the desirability of 
using a sleeve-type bearing as compared with a mechanical 
bearing. The reason is that most motor manufacturers use a 
clearance factor between the diameter of the armature shaft 
and the bearing of up to two-thousandths per inch of diameter. 
In many cases it ismore. With a 2'/: in. diameter bearing, there 
is five-thousandths of an inch clearance between the armature 
shaft or the spindle and the bearing. 

You cannot fill up that gap of two and one-half thousandths 
on each side of the shaft with any lubricating oil that is available 
today and damp out vibration. The reason why the demand 
for the anti-friction type bearing has become so insistent is 
that the people who buy motors for grinding machines have 
to specify a clearance of one and one-half thousandths and that 
entails fitting special bearings to the motor and often entails 
a delay which is very embarrassing to both the builder and the 
user. 

On the other hand, we are pulled in the other direction by the 
very excellent results that have been obtained on the spindles 
of precision machines and other types of machines with anti- 
friction bearings. Another point is that there is a general urge 
toward a higher mechanical efficiency. Some tests that were 
made a little while ago on a 40-hp. machine indicated that the 
mechanism of the machine when running idle consumed 7 hp. 
on the plain bearing machine. An investigation was made, to 
see that correct lubricating conditions existed all around, and it 
was proved that they did exist. When that machine was trans- 
formed wholly to anti-friction bearings, the load loss came down 
to 1'/2 hp., and it was generally felt that on that count alone 
anti-friction bearings had the advantage. 

Mr. Cameron. It was not so many years ago when chilled 
cast-iron bushings were considered to be very good. Somebody 
conceived the idea to advocate cast-bronze bushings, with the 
result that all the machine-tool builders started to advise that 
their machines were completely bushed with bronze. Then 
along came the anti-friction bearings, and it looks as if there is a 
wave going over the country for anti-friction bearings. So 
many people seem to feel that they are good. I know from our 
own experience in lathes that it has greatly simplified the problem 
of lubrication. We do not find nearly so many complaints 
that the operators forgot to oil the bearings. It seems when they 
are properly packed that they run for a long while without a 
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great deal of attention. I think that is one of the advantages 
that cannot be measured possibly in the human element that we 
do not have that same old alibi that we forgot to oil the 
bearing. 

Another factor, if there is a saving in the power, is the fact 
that we are becoming motor-conscious, with the result that we 
are using a great many more motors than ever before, and as most 
of us have to buy our power, the connection load is becoming 
a very great factor, so that wherever power can be saved in the 
use of anti-friction bearings, to keep down our connected load, 
it means a tremendous saving in the yearly consumption of power. 


As to the statement that there is the tendency of many ma- 
chine-tool builders to overestimate the amount of power that 
their machine is taking, there may be a tendency among certain 
people who wish so to impress upon their customers the tre- 
mendous power of their machine that they advocate that it be 
driven with a 15- or a 20-hp. motor, whereas possibly a 10-hp. 
motor would give all that that machine is capable of turning out 
over a length of ordinary shop practice. Possibly you might 
throw a shunt load on that would take 15 or 20 hp., but in every- 
day shop practice you have probably found that the motors 
used on machine tools are considerably larger than they need be. 
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charge of the management of industry in this country are 

using every effort to bring about a change in the management 
of these industries so as to develop a sustaining prosperity. 
The older methods of management have apparently been en- 
tirely disregarded as obsolete, and present indications are that 
these methods will be replaced by principles of management 
based on facts rather than on theory or traditions. 

Competition having become so keen that only those industries 
which are willing to accept facts as they exist can hope to 
survive. 

There is a growing interest in the cost of marketing, and 
more specifically in the cost of marketing activities. This is a 
healthy condition and one that not only insures this particular 
activity but also will force industry to investigate all activities 
both of production and distribution. As J. P. Jordan in “Tech- 
nique and Costing of Marketing Activities’ says, ‘We haven’t 
even scratched the surface of this subject as yet, but some 
interest is aroused and we are going to see a lot more of it in the 
course of two or three years.”’ 

A considerable interest is being manifested at the present time 
in Europe, and work along these lines is reported to have been 
accomplished in Poland, Germany, France, and England. 
In these countries progress is somewhat slower than in this 
country, and yet we look for a much more rapid increase in these 
activities in the very near future. 

A renewed interest in investigation and research in practically 
all lines of industry shows that the industria] community is now 
searching diligently for a true basis on which we can build our 
future prosperity. 

A considerable amount of research work has been accomplished 
along lines not necessarily classed as industrial. This is par- 
ticularly true of engineering in homes, and the work accomplished 
by Dr. Lillian M. Gilbreth is particularly interesting in this 
direction. 

The work of the Department of Simplified Practice in Wash- 
ington under the able directorship of R. M. Hudson should be 
commended to all branches of industry, for it is accomplishing 
very far-reaching results which appeal to every leader of in- 
dustry. 

At the present time the selling and distributing factors are 
very closely allied with production in managerial problems, 
and both of these factors are taking foremost positions in the 
industrial world, and it is almost impossible to consider one 
without considering its relation to the other. 


T. WOULD appear to be an undisputed fact that those in 


STANDARDIZATION OF OUTPUT AND EQUIPMENT 


A marked change in attitude toward, and application of, 
standardization is evident both with relation to product and to 
the machines which make it. The old interpretation of standard- 
ization as something “fixed, unchangeable, and permanent” 
is passing out. Products are being revamped rapidly to meet 
new demands and an advanced conception by the public of what 
will most fully satisfy its wants. While many of these changes 
are external in their application, the tendency toward greater 
standardization of components is evidenced in the rapidly 
extending work of the American Standards Association (for- 


merly the American Engineering Standards Committee) and its 
affiliated and associated bodies. This is strikingly demon- 
strated in present-day automobile design and construction. 

Similar changes are being wrought in machine tools and other 
machinery of production. Standardization of components is 
being effectively employed in the fabrication of equipment 
capable of greater output per hour, and reduced operating 
cost. 

There is quite a noticeable reduction in the variety of products 
manufactured in many lines, and this in turn has had a direct 
influence on the standardization of equipment. There has beena 
reversal of this condition in some lines where it has been found 
that the elements of style, color, or other variations are being 
demanded as a result of our growing consciousness and desire for 
individuality in our homes and personal effects. 

The effect upon management where the variety of products is 
reduced has been to simplify their problems and make the total 
of their efforts just that much more effective. Increases in 
styles, colorings, etc., conversely, have increased the problems 
of management, although as a rule these changes are effected 
with little if any change in the manufacturing equipment. 
There is a definite tendency and desire to conserve all gains 
made in the standardization of manufacturing equipment, even 
at the cost of some inefficiency in the manufacture of items of 
limited demand. 

There is an increasing amount of interest developing in in- 
dustries in standardization of materials and parts. This is 
progress—and very profitable progress. The officials of one 
company have said that they spent quite a large sum of money 
in the years 1925, 1926, and 1927, and of course were con- 
tinuing to spend good sums this year; but from the results 
that they had seen by the end of 1927, this expenditure would 
be returned to them in the year 1928 fourfold, based on the 
same production as they had in 1927. Now, as their production 
is larger in 1928 by at least 25 per cent, the dividends this year, 
figured on the expenditure of the three previous years, will be 
about 500 per cent. 

This having been accomplished by a company that was 
generally accepted as having more than average efficiency, 
we are certain that similar activity reflected by other concerns 
would be at least equally productive, and, in many cases, even 
more productive because of the new basis of efficiency from which 
to calculate. 


ELIMINATION OF WASTE AND Its RELATION TO Cost 


Manufacturers generally are waste-conscious, and progress 
toward the elimination of waste and the utilization of former 
wasted products is continuous, with corresponding continued 
reductions in cost. There is still much to be done in this di- 
rection, particularly in the production of materials that are 
subsequently converted into other products by other manu- 
facturers. 

In some plants the waste of every operation is weighed, and 
standard maximum percentages allowable at every operation 
are fixed in relation to the product. These percentages vary 
somewhat according to the product. Bonuses are paid to all 
employees for the reduction of waste, and this practice is carried 
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out with very good results, even so far as paying executives on 
the same basis. 

Standardization and research largely result in elimination of 
waste, and therefore in reduction of cost. One company es- 
tablished engineering standards for designers, tying them in 
with purchasing and manufacturing standards. This has 
reduced inventories of steel bars going into its products to 30 
per cent of what they were before. This item of steel bars 
was only one of hundreds that were reduced to a greater or less 
degree by this standardization and research work. 

Not only did this reduce cost, but it improved the product. 
The steel now being purchased by this particular company is 
purchased scientifically. The characteristics of steel needed for 
different purposes are first determined by research. Research 
also determines the proper heat treatments of each steel for each 
particular service to which that steel is to be devoted. The 
engineers were deprived of the liberty to specify at random 
the sizes that go into the designs and in this way the number 
of sizes of bars has been greatly reduced. All of these things of 
course affect costs favorably and also improve the product. 

Many of our firms and corporations have conclusively demon- 
strated that waste elimination, as an important part of manage- 
ment’s program, is the source of lower costs, higher wages, and 
better profits. 

One of the most perplexing problems in connection with waste 
prevention, says the manager of the employees’ service depart- 
ment of the Westinghouse Electric & Manufacturing Co. (in 
Factory and Industrial Management, September, 1928), has been 
to find a practical way to enlist the cooperation of employees, 
who, it was felt, did not in the main appreciate the value of 
the tools and materials with which they were working. 

Two years ago a complete and systematic plan was evolved 
in this plant for the campaign for waste elimination. Each 
department was instructed to prepare exhibits of broken or 
damaged tools and materials, together with placards giving the 
costs involved, which could be transported through the shops. 
A bulletin was prepared to acquaint the employees with the 
purpose of the campaign and what it was hoped to accomplish. 

While the actual gain cannot be measured in dollars exactly, 
one expert has stated that the saving in material alone amounted 
to at least $50,000, and it is felt that a much larger saving will 
eventually accrue from these activities. 

The result of the campaign for waste elimination carried on 
by the Newport News Ship Building and Dry Dock Company 
during December of last year, is another outstanding example 
of what may be accomplished, and showed a very real connection 
with cost reduction. A “waste week” was designated during 
which all employees were urged to make suggestions regarding 
the possible elimination of waste. Out of a total of 2770 sug- 
gestions received there were 1482 separate concrete ideas. 
While only 677 have been officially approved, the estimated 
annual savings amount to $264,410. 


REPLACEMENT OF OBSOLETE EQUIPMENT IN INDUSTRY 


The general low average of earnings among our manufacturing 
industries, and the large proportion of available capacity that is 
idle, tend to encourage the continued use of equipment that in 
many cases is obsolete. This is reflected in the unsatisfactory 
condition of the machinery and machine-tool industry. There 
has been a definite and rapid improvement in this situation 
during the past few months, due undoubtedly to the improve- 
ment in earnings of concerns needing new equipment. There 
is still a vast amount of equipment of an obsolete nature, much 
of it being forced to produce the equivalent of modern equipment 
of similar type but at enormous cost for maintenance and repair. 
It has been the practice of many concerns to spend a very 
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respectable sum of money every year in the replacement of 
obsolete equipment, constantly seeking for methods which 
would improve the quality and hourly quantity output. We 
have a number of instances where the failure to do this has 
brought about failure in some cases, and the loss of profit in 
others. 

The replacement of obsolete equipment is considered to be one 
of the principal factors in good management. 

While no definite figures are available to measure the amount 
of replacement going on, and as there is no particular activity 
in the building of new plants, although there is always some of 
this construction in process, a very large part of the present 
demand for machine tools must be replacement demand rather 
than expansion demand. It is, as a matter of fact, understood 
that the machine-tool industry has had more orders in the first 
nine months of this year than it has in any period of nine months 
since the boom of 1919-1920; and the absence of boom pro- 
portions of new construction leads us to conclude that most of 
this demand is for the replacement of obsolete equipment. 

The rate of replacement of obsolete equipment is apparently 
slowing down, although the process is continuing. By means of a 
questionnaire sent out this year, it was learned that the replace- 
ment policy of a group of representative American manufac- 
turers contained this requirement: “New manufacturing equip- 
ment must pay for itself in from two years to three years to be 
considered a satisfactory investment.”” We are convinced this 
short term is gaining ground as an element of manufacturing 
policy. 

An increasing number of investigations, surveys, and analyses 
are being put under way to determine the reasons for what is 
being called “profitless prosperity.” Many of these investiga- 
tions are showing that the owners of industrial plants are con- 
tinuing to use obsolete or obsolescent machinery while they 
are paying themselves, their relatives, and friends exorbitant 
salaries. The broader economic and social viewpoint demands 
that improved equipment be introduced which will lower the 
costs of production in the businesses now using out-of-date equip- 
ment, and at the same time afford employment to men in the 
businesses making the improved equipment. 

The matter of the replacement of obsolete machinery is now 
receiving wide attention throughout industry. Fred H. Colvin, 
writing for the June, 1928, issue of Trade Winds, says: 

Many users of machinery tell you with a contented, if not super- 
cilious, smile that their equipment is nearly all ‘‘velvet’’ because it has 
been charged off the books as depreciation. And they count their 
profits on this basis. The fallacy of this attitude is beginning to be 
appreciated by those who see competitors, because of their equip- 
ment of new machinery, underselling them and seriously encroaching 
on what they had considered as their own market. 

The rapid improvement in machines of all kinds has made de- 
preciation a very real factor in manufacturing accounting, and 
obsolescence now means far more than it did ten or twenty years ago 
for some. Some of the newer machinery turns out so much greater 
an output that the older machine, no matter what its condition, is a 
luxury that few can afford. 

The best machines on the market determine the depreciation and 
obsolescence of those having a lower output. 

H. P. Dutton, professor of factory management, North- 
western University, in an article appearing in the January, 
1928, issue of Factory and Industrial Management, says: 

Very recently, R. O. Eastman, Inc., completed for the publishers 
of Factory and Industrial Management a survey covering the purchases 
of industrial equipment and supplies by a group of representative 
manufacturers. The histories of several hundred purchases were 
obtained. 

The expenditures for expansion of plants were almost four times 
those for the replacement of worn-out equipment; those expenditures 
called for by programs of modernization and improvements of 
existing plants were almost double the expenditures for current 
replacement. The leaders in industry are alive to the significant 
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advantages of producing only with the very best possible tools. But 
the survey also revealed striking examples of apathy and lethargy 
on the part of highly respected organizations with regard to equip- 
ment purchases. For example, one company took eight years to 
buy a tool-register system. How much the company lost during 
these years, no one knows. 


DISTRIBUTION AND MARKETING OF PropuctT 


General Technique. The best in this may be accomplished by 
discussing the fundamental principles underlying the costing 
of marketing activities. To promote discussion it may be well 
to suggest the following as a basis: 

1 That expense accounts be provided for each main division 
of the general marketing expense such as general sales office, 
promotion departments, market research department, etc., 
and for each definite sales branch. 

2 That every effort be made to allocate to the branches 
every possible direct expense, including whatever advertising 
and publicity activity can be regarded as applying to each 
branch. 

3 That studies be made of the effort applied to certain im- 
portant products or classes of products, not only in the branches 
but in the general department, to give a distribution to products 
of the marketing expense. 

4 That statements of sales in total and also by-products be 
prepared for each branch and the business as a whole, with 
standard costs of product against each division group. 

From these four items much can be got for real, active control 
of a marketing activity. 

After all, the technique of accounting for the cost of marketing 
may be summed up as follows: Find out what information is 
necessary properly to control marketing activities and so reduce 
their cost; then get it. 

Marketing of Product. A booklet just issued by the Depart- 
ment of Commerce points out the remarkable changes in mer- 
chandising that have come about in the last quarter-century as a 
result of mass production. It states that: 


These changes have tended to upset methods of distribution which 
were deemed fixed and unalterable. Retail stores have increased 
rapidly in number, and their nature has become so changed that 
customers are uncertain whether to look for clothing in a haber- 
dashery, a gasoline station, or a drug store. Some manufacturers 
do their own wholesaling and retailing. Retailers own wholesale 
establishments, and wholesalers own or control retail stores. 

In any case the confusion which now exists does not simplify the 
problem of efficient business administration. Consumers, who 
usually have neither the time nor the inclination to study the prob- 
lem, assume, as a rule, that the lowest prices offered are profitable 
to the seller and that any higher price is excessively profitable. 
Any situation which contributes to consumer distrust only adds to 
the difficulties of distributers. It is for this and other reasons that 
the Department of Commerce is concentrating its attention on the 
problems which affect our national livelihood so directly. More 
than 750,000 retailers each have sales less than $25,000 a year, and 
almost 150,000 manufacturers have a yearly production less than 
$100,000. In other words, there are in this country nearly a million 
individual business men whose volume of business seems hardly 
large enough to provide the facilities for the study of their several 
problems. 

Some observers are already stating that these small businesses 
are on the way out. The great prominence given in the daily news 
to reports of mergers of manufacturing concerns and the growth of 
the chain-store movement have caused many to believe that the 
days of the small manufacturer and the independent merchant are 
numbered. After a very careful analysis of the situation the De- 
partment of Commerce can find no sufficient basis for this opinion 
Many economists, too, have predicted that there will be a steady 
decrease in the rate of expansion of large business operations and a 
final stabilization at a point where both large and small businesses 
have found their plane of most economical operation. 


The practice of mixing the functions of wholesaling, retailing, 
and manufacturing has introduced a confusion which makes 
most difficult proper analysis of the situation. When attention 
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is directed to wholesaling it is discovered that its major functions 
cannot be dispensed with. The activities may be transferred 
into other hands, but the assembling and warehousing at con- 
venient points must be continued, and the cost of doing it re- 
mains. 

Manifestations of the experimenting which is going on merely 
indicate that the job of distributing commodities is being trans- 
ferred from one head to another. The greater achievement 
will come in developing a new way, a more efficient way, of 
handling goods than in selecting some new agency to do it. 

Studies which are being undertaken by the Domestic Com- 
merce Division of the Department of Commerce are intended 

‘ to reveal by the case method certain rules of operation which 
may generally be utilized by distributers performing the whole- 
sale function, to the ends of more efficient services and reduced 
cost of operation. 

Marketing Analysis. Market analysis as the basis for con- 
structive planning in the marketing department of business 
is receiving more and more attention. 

Dr. Harry R. Tosdal, in the volume on “Market Planning”’ of 
the ““Manuals of Business Management,’”’ touches on several of 
the points where such planning may be used in the organization 
and operation of a marketing department. 


1 The manufacturer may, on the basis of research, plan products 
which will be suitable for the market which he is trying to reach. 

2 He may plan products so as to secure the favorable reaction of 
dealers and consumers toward the quality, durability, and style 
of the product. 

3 He may plan to use the most effective selling points of the 
product on the basis of information obtained from the market. 

4 He may plan to use his containers and methods of packing in 
such a way as to secure both safe and economical delivery and selling 
value. 

5 He may use planning to determine the quantity to be produced 
and sold within a given period of each and all of the products which 
the company sells. 

6 He may plan and schedule orders and deliveries in such a way 
as to provide fully for the needs of the sales department and of the 
production department. 

7 He may plan his complete sales campaign in such a way as to 
bring about the coordinated and effective use of personal salesman- 
ship, periodical advertising, dealer helps, and other means of selling, 
the districting of sales territories, and the routing of salesmen. 

8 He may plan equipment for his salesmen. 

9 He may plan quotas for territories, for salesmen, and for branch 
managers. 


10 He may plan his advertising so as to secure the greatest benefit 
from it. 


Sales Analysis. That the value of research, as a substitute 
for the intuitive method of determining business policies, is being 
more widely recognized can be seen in the repart on the use of 
research in sales analysis, prepared by the Policyholders Service 
Bureau of the Metropolitan Life Insurance Company for the 
New England Council. In this report Champe S. Andrews, 
director of sales of the National Folding Box Company, New 
Haven, Conn., is quoted as saying: “I am unable to see how 
any sales manager can conduct his business without a searching 
analysis of sales which will bear reference to the budgeted ac- 
tivity of his plant, the profit made, and the relation this profit 
and activity bears to the efficiency of the salesmen producing 
the business. Selective selling is impossible without sales 
analysis. Sales analysis is at the bottom of successful selling.” 


PURCHASING OF EQUIPMENT 


The most notable progress in purchase of equipment and 
supplies is in the use of technical specifications of purchases. 
Price is becoming educated to buy performance both in equip- 
ment and in supplies. 

In the matter of economy in purchasing, a very distinct 
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element is to discover, first, the best and not the cheapest, and 
buy on that basis. 

A healthy present-day movement that is a decided contri- 
bution to better business practices is the allowing of fair profit 
to vendors as a strategic factor in the maintenance of source 
of supply. 

A condensation of Lee J. Bussman’s article in the June, 1928, 
issue of The Purchasing Agent is of interest in this connection. 


But such thoughts as shopping around, tight buying with tendencies 
to force prices down, and other evils laid at the purchasing agent's 
door are just a reflection of competitive business conditions as they 
are today, caused mostly by the fact that every one wants more 
business and will go to many extremes to keep production up. 


With reference to the above, it is easy to see that the pur- 
chasing agent would rather go along doing business at a fair 
price with established sources. The members of the National 
Association of Purchasing Agents feel that the interview as 
reported in the New York Times some eight months ago, gave 
their position. One of the executives at that time, speaking 
for the members, said: ‘Experienced buyers know that the good- 
will of the vendor is an important factor and that it cannot be 
had unless a legitimate profit is allowed.....It is poor business 
to be a party to a transaction where either side is going to lose 
money.” 

SIMPLIFIED PRACTICE 


The work that is being accomplished by the Division of. 


Simplified Practice, Bureau of Standards, is so far-reaching and 
beneficial to the industrial world that it commands the utmost 
admiration of all manufacturers and engineers, and the very 
great amount of work that has been accomplished in Com- 
mercial Standards is due, in a large measure, to the untiring 
efforts of Ray M. Hudson, the assistant director, whose work 
in this field of endeavor has resulted in a great saving, both 
of money and effort, in the many lines of activity in the industrial 
field. 

As the work of simplified practice goes on and its application 
is broadened it is receiving wider recognition. Its principles 
of operation are better understood and the possibilities of benefit 
by its application are more generally accepted. 

During recent months much interest has been shown on the 
part of the public in the manner in which the savings which 
are claimed for simplified practice are distributed. An editorial 


TABLE 1 PROGRESS FOR FISCAL YEAR ENDED JULY 1, 1928 


In- 
As of As of crease, 
July 1, July In- per 
Activities 1927 1928 crease cent 
Simplified-practice , recommendations 
74 956 24 34 
Acceptances, by trade associations..... 898 .... 
Acceptances, by individual firms... ... 6,676 9,754e 3,078 46 
Projects based on requests for coopera- 
nn 60076 596 623 27 
Adherence by resurveys, cases........ 18 47 29 161 
Percentage of volume of production.. 79 85 nek ae 
Adherence by industry’s estimates, 
Percentage of volume of production.. 84 
Previously completed recommendations: 
Sales of printed recommendations.... . 350,000 466,000 116,000 33 
@ Adjusted. 


6 Three of the projects reported as of July 1, 1927, failed due to lack of 
adequate producer acceptance, making the total as of July 1, 1928, 95. 
Percentage increase for completed projects is based on 71 as of July 1, 1927. 


in the Saturday Evening Post of June 23, 1928, under the heading 
“Mr. Hoover’s Savings’ Account,’’ closed with the following 
remarks: “Enough has been quoted from the statement of 
Director Burgess to indicate that the $300,000,000 referred to 
is no fanciful or theoretical figure. Moreover, it appears evident 
that this substantial sum is divided as it should be divided, 


among manufacturers, security holders, wage earners, and 
ultimate consumers.” 

To date 95 simplified-practice recommendations have been 
completed. 

Surveys of the various industries to determine the degree of 
adherence to previously adopted simplified-practice recom- 
mendations indicate that 85 per cent of the acceptors, by volume 
of output, were adhering to the standards outlined in the recom- 
mendation. 

Of the 43 projects now on the Division’s active list, a large 
portion will no doubt be completed in the present fiscal year. 

A general summary of progress for the past year compared 
with the previous year shows a 46 per cent gain in the total 
individual acceptances of simplified-practice recommendations, 
notwithstanding a readjustment of the figures to eliminate cer- 
tain duplications previously carried. Also it is significant 
of the sustained interest in simplified practice that the sales 
of publications have increased 33 per cent. (See Table 1.) 


TRAINING OF SALESMEN AND THEIR RELATION TO CosTs OF 
MARKETING 


At first thought it may seem that of necessity a considerable 
gap separates the problem of training and the costs of training 
of salesmen for a life-insurance company from those which 
present themselves in the plants of the varying industries. 
Yet we venture to believe that it will be agreed that this gap is 
abn imaginary and not a real one, and that the principles involved 
are identical with all. The place where the element of confusion 
might conceivably arise would be that in the case of a producer 
of merchandise—silk, soap, or food products—where there is a 
rather clear cost-finding system, making it possible to determine 
to a fraction of a cent the exact costs of production of the com- 
modity. Furthermore, that cost-finding system is doubtless 
sufficiently comprehensive so that it is possible to estimate in 
advance almost the exact percentage of sales price which one 
would be warranted in setting aside for sales promotion, sales 
training, supervision, and other administrative costs. 

The principles involved are percentages of costs extending 
over the entire transaction. If we are to face fairly the whole 
problem of training, its effects and costs, we must extend these 
effects and costs over a considerable period of time and include 
in them a sufficient number of sales to permit us to arrive at 
average results and figures in terms of percentages. If the 
whole cost of training were to be charged against every indi- 
vidual sale, that would be one thing. But we are sure that we 
shall all agree that our problem presents no point of difference 
in so far as our desire is, by means of training, to produce a larger 
number of sales on the part of the trained man, involving greater 
satisfaction to both buyer and seller, as well as a lower cost when 
the cost item is distributed over a considerable period of time 
or a large number of transactions. Consequently we cannot 
but feel that in terms of percentages, both as to effectiveness 
and costs, our problems are identical. 


EcoNOMICAL MANAGEMENT IN INDUSTRY 


There are so many instances of improvement in managerial 
methods that we certainly cannot doubt that there is continuous 
progress going on in this particular field. Increasing numbers 
of companies are making studies of various kinds that we might 
class under the heading of research in management. 

Probably one of the most notable contributions of the year 
was the publication of the book by Wall and Dunning, “Ratio 
Analysis of Financial Statements.’”’” That work explains in 
detail a very valuable method of control that has been in use for 
some years, but has not spread very widely among financial 
executives, nor for that matter even among the larger credit men. 
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MANAGEMENT 


The ratios that constitute a good rule for the credit man to 
use in judging the credit title of an applicant are certainly very 
good ratios for judging the efficiency of management. It is 
obvious that a concern that turns out to be a bad risk is certainly 
not a successfully managed concern. 

Modern principles of business management have been applied 
in many lines of industry. The usual method is by making a 
forecast of the year’s business, and to base a budget upon this. 
Next a form of budgetary control is instituted, for it is known 
that if less money is spent than is received there would remain 
a profit. In other words, it has been found that it is possible 
sometimes to make more money with less business. We be- 
lieve that this last-mentioned business principle is one which 
needs more attention. In the scramble to get a greater volume 
of business and to keep factories and mills running there has 
been a temptation to shade the prices until they cover bare 
costs—and sometimes less than cost. 

The outstanding step forward in the economy of industrial 
operations during the past year is probably the inauguration of a 
carefully planned budget for all overhead expenses, as well as 
additional budgets on general and administrative expenses. 
The budgets are broken down to the point where every executive 
is in a position to measure the performance of his department 
in dollars. The budget figures are predetermined for a given 
capacity of operation so that the executive is in a position to 
prevent an overrun of his budget rather than to explain after- 
ward why he overran. 

Economical management in industry is best secured by records 
based on instant and automatic comparison of standard and 
actual costs, there being predetermined standard costs for every 
item of operating materials, of operating equipment charges, 
of operating expenses, both direct and indirect, as also of vol- 
umes. 

The increase in exports, in the face of the rehabilitation of 
foreign industries and the raising of tariff barriers by them, is 
in itself evidence of the increased ability of American industry 
to compete successfully in foreign markets. Again considering 
American wages and material prices, and the profits, it is evident 
that this ability successfully to compete with foreign producers 
in their home markets is in no small measure due to economical 
and efficient management in American industry. 

Review of exporting activities of the United States for the 
first half of 1928 shows the following “high lights:” 

American houses did more foreign business in six months of 
1928 than in any twelve months prior to 1926. 

Thirty-three of our fifty leading exports for the period were 
finished and semi-finished manufactures. 

Canada, which but recently displaced Great Britain as our 
best customer, increased its purchases nearly 6.5 per cent, buying 
$45.70 worth of American goods per capita for the six months. 

Automobiles, parts, and accessories constituted 10.7 per cent 
of our total exports—the largest share of our export trade the 
automobile industry has yet attained. 


BupGetTary CONTROL 


F. Richmond Fletcher, of Scovell, Wellington & Co., says 
that the development of budgetary control and its increasing 
use among concerns in all kinds of industry is the outstanding 
feature in recent business management. 

Ordinarily starting with a comprehensive budget of sales, 
based on past performance and a reasonably accurate knowledge 
of market conditions, potential business, and distribution, 
the budget requires a similar forecast of manufacturing facilities, 
inventory requirements, and the cost of manufacturing, of 
selling, and of administering the business for that proposed 
volume of business. 
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The logical development that follows is the establishment of 
definite standards for inventories and for material and labor 
requirements and costs, the proper determination and distri- 
bution of manufacturing burden and selling expenses, and the 
determination of the functional organization needed to carry 
out the program. 

In concerns that have successfully carried out the principles 
of budgetary control, we find records and accounting practice 
that provide management with accurate and timely knowledge 
of all inventories, and of manufacturing cost and selling cost, 
with at least monthly comparative statements of all variations 
from the standards on which the budget was based. 

Such a plan has invariably created a more intimate knowledge 
of plant and manufacturing facilities, of the capacity and the 
ability of men, and of the opportunities within the business for 
elimination of waste and for increased profits. 

Budgetary control has also established a definite knowledge 
of the financing required to carry out the program, so that the 
monthly statements of actual in comparison with budget figures 
enable the management to adjust borrowing and financing to 
meet conditions. 

Budgetary control also provides a most valuable indication 
of the trend in every activity and department of the business, 
so that management is conducted more scientifically and with 
greater assurance. 

From actual experience and observation, we feel that successful 
business management, together with the proper financing of 
business enterprises, is dependent on a knowledge of facts and 
conditions; and we have seen nothing that provides this informa- 
tion in such useful and usable form as is exemplified in companies 
where budgetary control is in operation. 

As in any form of constructive work, the development of 
budgetary control must be gradual and along definite lines. 
At the start it consists of a series of forecasts and estimates 
which are yet to be proved by actual results. It requires re- 
search and analysis, which in themselves frequently ferret out 
weaknesses and unnecessary waste, and provide better practices 
all along the line. It develops standards for foremen and ‘de- 
partment heads, so that they may compare actual accomplish- 
ments and see their own efficiency or inefficiency. Ultimately 
budgetary control brings all this into a condensed comparison 
of actual with budgeted results, from which the management 
can intelligently direct the business. 


INTERNATIONAL MANAGEMENT CONGRESS 


In reference to the International Management Congress, 
there is no question in our minds but that such a congress can 
be of tremendous value to all people and will be especially 
valuable to American manufacturers. It not only will tend to 
open up markets for American equipment but will also tend to 
stimulate American manufacturers to improve still further 
their own products through more effective management. 


New DEVELOPMENTS 


The development of L. P. Alford’s paper of 1926 on “Laws of 
Manufacturing Management” into book form (this came off 
the press during September), and the preparation by Alford, 
in cooperation with Joshua E. Hannum, of a paper for the Annual 
Meeting of the A.S.M.E. on “A Basis for Evaluating Manu- 
facturing Operation,” will place in the hands of the industrial 
world a wealth of valuable data prepared in readable form that 
will be of inestimatable value to industry. 


New SERVICE OF THE DEPARTMENT OF COMMERCE 


The Department of Commerce is about to undertake a re- 
quested study of industrial equipment. One of the objectives 
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of this study, which will be conducted by the Domestic Commerce 
Division, under immediate direction of H. C. Dunn, is to de- 
termine the amount of obsolete equipment and its importance 
as a factor in the inability of firms manufacturing similar products 
to compete on an equally profitable basis. 

The Department feels that obsolescence merits a definite 
understanding, especially that it may not be confused with 
depreciation. The obsolescence of factory equipment is effected 
largely by style factors or by the new products of inventive 
genius, and not by wear and tear which are factors in deprecia- 
tion. In discussing this work Dunn says: 

The practical value of this study would probably be a truer ac- 
counting for obsolescence as a hazard rather than an arbitrary 
compromise with depreciation as at present. Wear and tear, or 
depreciation, is a scientific measurement and can be determined 
accurately in cost accounting. Obsolescence is analogous to fire 
asarisk. It cannot be determined any more than the date a building 
will burn can be determined. An arbitrary basis of accounting for 
the two factors does justice to neither, and fails in adequately pro- 
viding a fund for replacing machinery, when its value has been 
destroyed by its being worn out or rendered obsolete. 

Further evidence of the widespread interest in this movement 
is evidenced by large volume of request for information on the 
subject, received by the Domestic Commerce Division, since 
the first announcement of its projected survey. Two nationally 
prominent trade associations are now entertaining plans for 
similar surveys in their industries to be made with the coopera- 
tion of the Department of Commerce. 


Time Srupy 


There has been a pronounced tendency toward a better under- 
standing of time study. The time session of the Chicago section 
of the S.LE. attracted an attendance of 371. A committee was 
appointed for the purpose of standardizing time-study prac- 
tices, and a study group was organized to meet once a week. 

At the spring meeting of the Taylor Society in Detroit, time 
study was the outstanding feature of the program which at- 
tracted the most discussion and largest attendance. 

At the 1927 Annual Meeting of the A.S.M.E., the time 
study conference was very largely attended and characterized 
by questions and discussions which made it very evident that a 
large body of uninformed persons are interested in this subject. 
In fact, Carl G. Barth’s remark that he felt we had to begin 
all over again and teach all the things that we taught twenty 
years ago in this field, was quite appropriate. 

Walter C. Hasselhorn, supervising engineer, Stevenson, 
Harrison, and Jordan, of Chicago, states in Manufacturing 


Industries of September, 1928: ‘Time study is now recognized 
as an effective means of measuring employees’ efforts, deter- 
mining machine output, standardizing methods, stabilizing 
labor, controlling costs and increasing production or—to sum 
up in a single phrase—securing manufacturing betterment.” 

It is significant of the progress in management that “time- 
study” methods and technique are undergoing close scrutiny; 
and standards are being evolved, the application of which will 
insure more intelligent and effective use of this important tool 
of management. 


INDUSTRIAL RESEARCH 


Another feature of the past year has been the development of 
new materials and new processes as the result of industrial 
research. And further, more and more firms are taking up 
industrial research: to improve product or service; to reduce 
production costs; to develop new fields of application for prod- 
ucts; to develop new materials and by-products; and to discover 
new products. 


EFFICIENCY OF MACHINERY AND RESULTS 


For several years the efficiency of the individual has been 
stimulated by better conditions, preparations, and reward. 
Recently this efficiency of the individual has been tremendously 
augmented by improved equipment, facilities, and straight- 
line movement of product during manufacture. 

In the glass industry, hand-blown products are rapidly giving 
way to the machine-blown and machine-pressed products, be- 
cause by the latter methods from 15 to 20 times as much can be 
produced in a given time. 

In the steel industry, sheets and plates are being produced in 
an almost continuous process, from the melting of the ore to the 
finished product, with enormous savings in reheating and labor 
costs per unit of product produced. 

By improving and rearranging equipment, much of the equip- 
ment is found to be unnecessary or is replaced by new equipment 
of new and more efficient design. This equipment is frequently 
so designed as to fit in with other machinery essential to the 
sequence of operations through which the product passes. 

Especially in the case of fragile products, large savings in 
breakage loss are being effected through these straight-line and 
mechanical-handling methods, because the material is not 
subject to such violent and so frequent handlings. 


W. L. Conran, Chairman. 
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A Basis for Evaluating Manufacturing 
Operation | 


Proposed Basis and Methods for Evaluating Certain Factors in the Operation of Manu- 
facturing Establishments, and Consideration and Interpretation of These Factors 
as Revealed by Analysis of Manufacturing Records and Statistics 


HIS paper is divided into two parts. The first is a pres- 
entation and discussion of a basis and methods for evalu- 
ating certain factors in the operation of manufacturing 

establishments. The second is a consideration and interpretation 
of these factors as they are revealed by the analysis, on the basis 
proposed, of a considerable volume of manufacturing records 
and statistics. The authors’ purpose in undertaking this study 
was to develop an analytical method, but the significance of the 
factors of operation as discovered seems to warrant devoting 
the larger amount of space to them. 


PART I—A BASIS AND METHODS FOR EVALUATING 
CERTAIN FACTORS IN THE OPERATION OF 
MANUFACTURING ESTABLISHMENTS 

With very few exceptions the factors that have been proposed 
and used to evaluate and compare the results of the operations 
of manufacturing companies are simple ratios or percentages. 
The efficiency percentage and labor-turnover percentage of 
management engineers, the financial ratios applied by bankers, 
and the operating ratios that have been ably presented and fully 
discussed in meetings of this Society,? are examples of these 
simple factors. 

However, none of these factors is entirely free from question 
as to the value of its indication. Some are in continual contro- 
versy as to the method of computation, and others have had 
but little practical application. This situation encourages re- 
newed attack on the general problem, for no argument is needed 
to convince any one concerned with industrial operation, whether 
he be engineer, executive, or banker, as to the possible usefulness 
of a generally acceptable basis and method for comparing the 
relative success or failure of an industrial enterprise, and for 
indicating the probable nature of future performance. 

At the outset of the study which has vielded this paper, the 
authors reached the conclusion that a group of compound units 
or factors built up from a common base would be more useful 
than any group of simple ratios or percentages. The question 
then arose, What base factor shall be selected? Seemingly, 
it must be: 


Measurable by an established unit 

Universal in use in industry 

Easy to handle in computation 

Influential in its effect on industrial operation. 


One example of such compound factors is found in the ac- 
cepted units for indicating industrial-accident performance. 
The base is the man-hour. Accident frequency is expressed by 
the number of lost-time accidents per 1000 man-hours worked; 


1 Vice-President, The Ronald Press Company. Mem. A.S.M.E. 

2? Editor, The Engineering Index Service. Assoc-Mem. A.S.M.E. 

3“*Measurement of Management,”’ by Joseph W. Roe, Trans. 
A.S.M.E., vol. 45 (1923), p. 825. 

Contributed by the Management Division and presented at the 
Annual Meeting, New York, N. Y., December 3 to 7, 1928, of THE 
AMERICAN Society OF MECHANICAL ENGINEERS. 


By L. P. ALFORD! anv J. E. HANNUM,? NEW YORK, N. Y. 


accident severity is expressed by hours lost from employment 
per 1,000,000 man-hours worked. Other examples of such a 
base are the passenger-mile and the ton-mile as used in railroad 

operation. 

One requirement of such a base factor as given above is that 
as changes take place in operation, it must exercise a major in- 
fluence on the results. This seems to limit selection to a pro- 
duction factor. 

It is evident that few production factors can be identical in 
any two cases. Plant sites, though in the same locality, have 
different characteristics. Buildings differ in plan, construction, 
and arrangement. Equipment, even to manufacture the same 
product, is not necessarily the same. Processes, operations, 
and methods are never just alike. Materials, though bearing 
the same name, vary as to properties and characteristics; prod- 
ucts, though of the same kind, differ as to design, workman- 
ship, and quality. Management and operating methods are 
never just the same. 

In the preceding statement, however, one production factor 
is not mentioned. This is human effort. Workers are much 
the same wherever found in industry. Some sixty per cent 
of all those employed in manufacturing are unskilled or little 
skilled. Industrial labor is mobile, constantly changing from 
job to job. Labor-turnover records are evidence of this mobility, 
and lead to the conclusion that a certain worker may be in one 
industry today, in another tomorrow, and in a third a few months 
later on. Only a few hours, or a few days, of training are re- 
quired to bring a worker up to a satisfactory rate of production 
on most specialized manufacturing operations. The Segur law 
of motion time indicates that on standardized manual factory 
operations any expert worker has the same time capacity for 
doing work as another. 

The indications, therefore, are that the production factor— 
human effort as applied in manufacturing—has many of the 
characteristics of a constant if it were possible to express it by 
a measured unit. This we cannot do today. We can only 
apply a time measurement, assuming that on the average an 
hour of work in one industry, or in one plant, is the substantial 
equivalent in human effort (mental, manual, or combined) of 
an hour in another industry or plant. 

The time factor therefore satisfies the first and second require- 
ments of a base factor, for it is measurable in accepted units 
and is universally used in industry. Working time is every- 
where expressed in subdivisions or multiples of the hour. 

The third requirement is also satisfied, for the number of hours 
worked in any period—day, week, month, quarter, half-year, 
or year—are immediately available from payroll records, and 
are easily handled in computation as will be shown later. 

The fourth requirement is that of influential effect. The fac- 
tor we are considering is human effort or labor, expressed on a 
time basis. There is some evidence that, of all the production 
factors, labor has the greatest effect on output for equal per- 
centage changes. 

Professors Charles W. Cobb and Paul H. Douglas have estab- 
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lished the ratios of the effect of labor and fixed capital on pro- 
duction from a study of the manufacturing production of the 
United States from 1899 to 1922. They impute three-fourths 
of the increase in production for that period to labor and one- 
fourth to fixed capital. By fixed capital is meant the invest- 
ment in buildings, equipment, and machinery. 

The formula for production deduced as a result of their investi- 
gation is: 

P=b6 LY 


where P = production 
b = a coefficient = 1.01 
L = the production factor labor 
C = the production factor fixed capital. 


From an analysis of this formula Professors Cobb and Douglas 
conclude that during the period studied 


The productivity of labor = */,P 


The productivity of fixed capital = '/,P 


That is, three-fourths of the change in production is imputed 
to labor and one-fourth to fixed capital. In other words, a 
certain percentage change in the labor factor alone has three 
times the effect on production of the same percentage change 
in the fixed capital factor alone.‘ 

From still another point of view, the labor-effort factor occupies 
a position of major importance. Throughout the sweep of the 
development of manufacturing in America, and particularly 
since 1900, which marks the time when handicraft production 
disappeared and modern management began to rise, cost reduc- 
tion has had a prominent place in every manufacturing program. 
Improvements have been made in the utilization of all the fac- 
tors of production, resulting in shorter times for material in 
transit to the factory, shorter times for machining and processing, 
shorter times in stock- and stores-room storage, and shorter times 
en route to the customer. In fact, this increase in pace of manu- 
facturing and the control of the flow of work required to bring 
it about mark what is probably the most important economic 
step of progress made in American industry during the past 
decade. Throughout, emphasis has been on the labor time 
factor. These industry-wide attempts to reduce time as a pro- 
duction factor again suggest its importance as a basic unit in 
analyzing and comparing manufacturing operations. 

Engineers, especially members of this Society, have been the 
pioneers and leaders in this effort to reduce time and cost and to 
conserve human effort in manufacturing. In fact, their teach- 
ings and actions have given us a new societal doctrine: the pre- 
ciousness of human effort. Although this has had its rise in 
self-interest rather than in altruism, it seems worthy to be placed 
beside two other great doctrines of organized society: the sacred- 
ness of human life; the dignity of human labor. The first is 
ours as a heritage from distant ancestors; the second was es- 
tablished in this country by our immediate forefathers; the 
third, which we are now adding, we owe to our engineering asso- 
ciates of the past quarter-century. This new doctrine imposes 
the obligation, on the one hand, to conserve human effort and 
prevent its waste, and, on the other, to use it with the greatest 
of managerial skill and effectiveness in doing the work of industry. 

Having established the time factor as one that satisfies the 
requirements of a base for a group of compound units, it is 
necessary to determine the unit in which it shall be expressed. 
One thousand man-hours, conveniently named the “kilo man- 
hour” has been taken as this unit. Its use yields quantities for 
the compound units ranging in most cases from two to four 


4The mathematical proof of this ratio is given in The American 
Economic Review, vol. 18, no. 1, March, 1928. 
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significant figures, and therefore of a kind easy to handle and 
memorize. 

From this base factor, the kilo man-hour, numerous factors 
of industrial operation can be developed. Those that follow 
are probably the most important, although they do not exhaust 
the possibilities. 

How Expressed 


Physical volume of product per kilo 
man-hour 

Number of workers employed per kilo 
man-hour 


Factor 


Labor permanence. ....... 


Fixed capital investment: 
Investment in dollars per kilo man- 
hour, or 

Square feet of floor area per kilo man- 
hour 

Investment in dollars per kilo man- 
hour 

Horsepower utilized per kilo man-hour 


Machinery............. 


Industrial accidents: 


cava Number of lost-time accidents per kilo 
man-hour 
PT ee Number of working hours lost per 1000 
kilo man-hours 
Costs: 


Material cost........... 
Overhead charges....... 
Manufacturing cost... .. 
Profit: 
Manufacturing 


Dollars per kilo man-hour 


Dollars per kilo man-hour 


Dollars per kilo man-hour 


It is self-evident that many of these compound factors can be 
separated into component elements for the purposes of compari- 
son and analysis, but all on the base of the kilo man-hour. 

It is evident, likewise, that the results of manufacturing opera- 
tion expressed in terms of these compound units can be used to 
compare the period-to-period performance of a single industrial 
establishment, or to compare the relative achievements of two 
or more concerns in the same line of industry, or, even as regards 
certain selected factors, to compare the relative performance 
of concerns in different lines of manufacturing. The authors 
have not attempted to develop the first of these three comparisons, 
believing that information of this kind will be forthcoming in 
the discussion of the paper. They have, however, made certain 
studies into both inter-industry and intra-industry relationships, 
and the information thus brought forth is considered below. 


PART II—CONSIDERATION AND INTERPRETATION OF 
FACTORS DISCUSSED IN PART I AS REVEALED BY 
ANALYSIS OF MANUFACTURING RECORDS AND 
STATISTICS 

A considerable volume of records, statistics, and data on manu- 
facturing operations was available to the authors for study and 
analysis in preparing this paper. The Safety and Production 
Report of the American Engineering Council, published early 
this year, gives a large number of production rates per man- 
hour expressed in physical units. These factors are for the 
year 1925. The published reports of the United States Bureau 
of the Census and of the United States Bureau of Mines for the 
year 1925, taken together, give statistics for the number of em- 
ployees, physical production, wages, cost of materials, value 
added by manufacture, and value of products for the manufac- 
turing and mining industries. These reports form the principal 
source of information used in this study. Wherever other data 
are used the origin is indicated. 

It is quite evident that this study could not have been made 
at all except for the production rates in man-hours obtained 
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from the American Engineering Council's report. Once these 
rates were expressed in kilo man-hours, easy, though extensive, 
computations permitted the tabulation of the statistics of Govern- 
ment reports on this basis. 

There now follows an itemized statement of the original data 
used, together with definitions of the factors secured by compu- 
tation. 


Data Usep In Avutuors’ Strupy 


American Engineering Council Data. From the Safety and 
Production Study of the American Engineering Council the 
following information was secured for some 13,000 plants: 

Total quantity of product turned out in the year 1925. 

Average number of employees engaged in plant operation and 
maintenance for the same year. 

Total number of man-hours worked by all employees engaged 
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United States Bureau of the Census and United States Bureau 
of Mines Data. From the reports of these two Federal bureaus, 
information was obtained as follows: 

Number of wage earners, that is, factory and industrial em- 
ployees, averaged for the year 1925. 

Total annual quantity of product turned out. 

Total compensation of wage earners, including those employed 
on a piece-price basis. 

Cost of materials actually used during the year. This covers 
fuel purchased, electric current, factory or shop supplies, and 
containers, as well as materials which formed a constituent part 
of the product. 

The value created by the manufacturing process, usually 
called ‘‘value added by manufacture.”’ This is calculated by de- 
ducting the cost of materials used from the value of the products. 

Value of products, which represents the selling value at the 


in_plant operation and maintenance for the same year. 


factory of all products manufactured during the year. 


TABLE 1 PHYSICAL VOLUME OF PRODUCTION PER 1000 FACTORY MAN-HOURS FOR 66 INDUSTRIES 


Number of 


Production rate 


Number Number factory per 1000 
of of man-hours factory 
Industries companies employees worked man-hours 
Acids and aunty chemicals. . . 7 6,383 16,153,088 34.1 short tons 
Explosives. . ae 16 3,465 8,747,393 34,200 Ib. 
Coal-mining 7,47 748,805 1,161,791,722 501 tons 
Anthracite. 326 160,316 233,484,272 266 tons 
Bituminous. . 7,144 588,493 928,377,450 560 tons 
154 20,451 51,947,803 854 tons 
Beehive coke. ‘ 99 6,450 10,238,687 1,005 tons 
By-product coke. . 55 14,011 41,709,116 816 tons 
Iron and steel ledeutes yan 36 48,889 138,712,045 37.5 long tons 
Fabrication of steel. . 6 3,004 8,065,790 45.15 long tons 
Skelp, plates and sheets. . 8 8,634 23,637,192 56.5 long tons 
Structural mages eere 6 3,388 9,654,736 2.8 long tons 
Tubing ; 5 8,062 21,668,941 46.2 long tons 
Leather-shoe 6 6,534 16,898,800 406 pairs 
Machine-building and me etal working leietniies 224 172,308 414,439,963 10.6 tons 
Agricultural implements... .. 5 2,677 6,650,821 16.65 tons 
Automobiles. ........... 12 151,447 382,211,176 9.08 cars 
Automobile parts..... .. 5 1,367 3,630,696 2.85 tons 
Boilers and tanks........ 10 4,064 10,079,771 2.05 tons 
Bolts, nuts, and rivets 6 4,419 10,895,000 16.60 tons 
Brass, bronze, and copper 14 23,510 61,658,572 8.15 tons 
Cast-iron enameled ware. ; 5 8,664 20,423,347 8.08 tons 
Electric machinery apparatus ‘and supplies. . S 14,777 36,053,558 6.03 tons 
Engines, turbines, and - Save 5 2,471 6,162,638 3.17 tons 
Forgings. . 11 5,260 12,936,999 16.64 tons 
Gray-iron castings. 16 9,409 19,167,215 14.05 tons 
Hardware....... 15 8,164 20,008,959 14.20 tons 
Hoisting and conve ying machine ry. 5 2,643 6,491,829 7.46 tons 
Machine tools... . : 2,276 5,308,719 2.70 tons 
Malleable-iron castings. . ll 4,107 9,563,424 6.92 tons 
Non-ferrous castings. . 12 4,170 10,037,141 6.41 tons 
Oil-well equipment... 5 2,035 5,177,482 7.80 tons 
Railroad accessories 13 15,679 36,205,412 15.50 tons 
Sheet-metal products... 10 8,261 20,566,387 17.30 tons 
Special 8 3,098 4,801,704 5.15 tons 
Springs. . eigseoreuitea 7 1,684 4,393,941 13.50 tons 
Steel castings. . : 15 8,485 21,803,482 14.95 tons 
Valves and fittings 13 10,215 21,260,800 7.00 tons 
Wire products. . 10 12,143 30,904,117 8.71 tons 
Manufactured gas................. (Pgitieeid 37 23,086 51,591,750 2260 M. cu. ft. 
Metal-mining industries. ....... 2,783 123,128 292,251,000 523 short tons 
a mining. 271 32,47 83,650,000 594 short tons 
Gold, silver, and " miscellaneous. . 2,097 29.718 71,350,000 146 short tons 
Iron mining. a wie ate 104 36,629 ,500,000 725 short tons 
Lead and zinc mining. 87 12,734 30,250,000 830 short tons 
Non-metallic minerals. ... . 224 11,570 26,550,000 344 short tons 
Paper and pulp industries. . 50 28,837 76,603,789 31.0 short tons 
Boxboard..... 5 3,303 8,826,036 27.21 short tons 
Corrugated cartons. 5 806 2,079,849 63.50 short tons 
General....... ey 24 12,551 34,801,749 29.8 short tons 
Wrapping paper... 6 1,477 3,834,587 19.7 short tons 
Petroleum products... 7 10,880 28,378,101 1610 barrels 
Portland cement. fice 120 35,000 97,414,794 1484 barrels 
Quarrying tndusteles. wr 77,609 188,050,000 525 short tons 
Limestone. ees 48,391 119,700,000 635 short tons 
Marble. sé 5,764 16,000,000 32.3 short tons 
Sandstone and bluestone. 5,430 11,900,000 328 short tons 
Trap rock. 5,871 12,200,000 956 short tons 
Textile 
Bleached, and cotton 5 5,248 12,808,763 28,800 yd. 
Cotton fabrics. . 13 11,850 31,137,347 2,200 Ib. 
Hosiery. . oh 7 2,698 6,386,701 349 doz. pairs 
Wood 
34 14,103 35,684,551 59,000 ft. B.M. 
ee 3,141,496 19,500 ft. B.M. 


1,683,221 


3,470,152,844 
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TABLE 


Ratio of 


Industries 


of 


production, com- 


per cent paniest 


Paint, varnish, and 
products. 

Automobiles. . 
Iron and steel tubing.............. 


Farm wagons. 

Explosives. . 

Special machinery. 

Iron and _ steel 

Ice cream. 

Railroad frogs ‘and ‘switches. 

Automobile springs. . errr 

Building construction. . 

Newsprint. . 

Metal furniture. . ‘ 

Paper and pulp. . 

Piers, warehouses, and terminals... . 

Portland cement. és 

Carpets and rugs. 

Gears, pinions, and couplings. 

Felt floor covering. 

Manufactured 

Commercial printing. . ‘ 

Cork products and 

Steel castings. . 

Automobile frames. . 

Spark- plug porcelains. . 

Lumber. . 

Wrapping 

Boxboard.... 

Automobile engines. 

Book paper. 

Time recorders. . 

Power-plant equipment. 

Steam locomotives. 

Forgings. . ane 

Bolts, nuts, rivets..... 

Electric apparatus ‘and 
supplies. . 

Ventilating fans. . 

Copper refining. . 

Automobile wire wheels. . 


Firebrick. 
iron pipe. 

Rayon...... 

Pianos..... 
Brass and copper products 
Sheet-metal products.............. 
Phonograph records............... 
Telephone service. 

Typewriters. . 
Iron and steel structural ‘shapes. 
Knitted sweaters and aes suits... 
Furniture... . 
Anthracite- coal. mining. 

Hosiery. . 

Machine tools. 
Rope and twine. 

Cotton fabrics. . 
Car and locomotive axles. 
Shipbuilding. . 
Trap-rock quarrying. 

Coal- mining industries. . Serre 
Millwork—doors. . ware 
Bituminous-coal mining. 
Leather shoes. . E 

Knitted underwear... 

Clay sewer pipe. . 
Hooks, eyes, needles, pay pins. 

Sand and gravel.. 
Writing paper.. ; 

Sand and 
Quarrying industries. . 

Marble quarrying . 


skelp, ‘plates ‘and 
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2 VALUES OF PRODUCT PER 1000 FACTORY 
HOURS FOR 100 INDUSTRIES 


of 
em- 


ployees 


87 
134 


compiled Number Number Value per 
to census 1000 


man- 
hours 


$10,870 


to t 


PO 


es 
—) 


Coousc Cou 


MAN- 


Raby and doll carriages............ 1.2 530 823 
Limestone quarrying............... * 48,391 752 
Vegetable-ivory buttons............ 7.9 _ 413 595 
Millwork—sash and doors.......... 0.32 7 1,238 584 
Watch movements................. 101 566 
1 4 2,586 548 


* Value of product furnished directly by individual companies and 


therefore comparable with man-hours worked. 
t Where the number of companies is not given, the data are for either one 
or two establishments. 


amount may differ from the value of the products actually sold, 
depending upon the increase or decrease in the finished product 
inventory. 

Computed Values. From the information indicated in the 
preceding nine items the following factors were computed: 

The rate of production, that is, the rate for the individual 
company, which was obtained by dividing the quantity of prod- 
uct by the number of man-hours worked and reducing the result 
to the common basis of the kilo man-hour. 

The weighted mean rate of production, which is the arith- 
metical mean rate of production for a group of companies manu- 
facturing the same product. This was obtained by dividing 
the total quantity of product for the group by the total number 
of man-hours worked for the group. 

Deviation of production rate from weighted mean, which is 
the difference between the production rate of each company 
and the weighted mean rate for the group. 

Mean deviation of production rates, which is the sum of the 
individual company deviations divided by the number of com- 
panies. 

Coefficient of variation of production rates, which is the mean 
deviation divided by the weighted mean. 

Ratio of maximum to minimum production rates, obtained 
by dividing the highest individual company rate of production 
in a group by the lowest individual company rate in that same 
group. 

Unit values, which were computed on the kilo man-hour basis 
for wages, cost of materials, prime cost, value added by manu- 
facture, and value of product. 

The tabular results of the study are presented in five summary 
tables and eighty product-group tables.6 The summary tables 
are these: 

Table 1: Physical volume of production per thousand fac- 
tory man-hours for 66 industries. 

Table 2: Values of product per thousand factory man-hours 
for 100 industries. 

Table 3: Coefficients of variations of rates of physical pro- 
duction per thousand factory man-hours for 42 industries. 

Table 4: Wages, cost of materials, prime costs, value added 
by manufacture, and value of product per thousand factory 
man-hours for 12 industries. 

Table 5: Comparison of physical volume of production per 
thousand factory man-hours for the companies employing the 
fewest and largest number of employees in 53 industries. 

The eighty other tables present detailed information for prod- 
uct groups. As examples of these the tables on automobile and 
cotton factories are included here as Tables 6 and 7. 

From the nature and origin of the data, and the methods 
of classification employed, the authors attach but little signifi- 
cance to the actual numerical values given in the tables. The 
important features rather seem to be the relationships and rela- 
tive positions in sequence of the various factors and industrial 
groups with which they are associated. 


5 Seventy-eight of these product-group tables, not printed here, 
are on file at the headquarters of the Society, 29 West 39th St., New 
York City, where they may be consulted by those interested. 


‘ 
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The spread of the information studied is indicated by Table 1, 
which gives production equivalents for 66 industries; that is, 
it* gives the output of goods expressed in physical units per thou- 
sand factory man-hours worked. The number of industrial plants 
that contributed information to this summary is 13,385; the 
number of employees represented is 1,683,221; the number of 
factory man-hours worked during 1925 by these employees is 
3,470,152,844. The significance of these totals is to show the 
extent to which the kilo-man-hour analysis has been applied. 

The product groups which were studied are listed in the first 
column of Table 2. There are 100 of these, and for each of 66 
of them the ratio of its production of goods in 1925 to the total 
produced in the United States for the same year is given. The 
highest of these ratios is 88 per cent, and the lowest about one 
per cent; 29 are over 10 per cent. 

Thus the credibility of different groups of results may vary 
due to the proportionate size of the group, but the authors be- 
lieve that the general conclusions which the data indicate are 
not weakened by these variations in group proportions. 

The comparisons between industries are given in these two 
tables, Tables 1 and 2. As regards the production rates, they 
are possibly of more interest than significance. Yet a few re- 
lationships may properly be pointed out. The production rate 
of bituminous coal is 550 tons, while that of anthracite is 266 
tons, or less than one-half. The production rate for boilers 
and tanks is 12.05 tons, for agricultural implements 16.65 tons, 
and for sheet-metal products 17.30 tons. The last rate is the 
highest for the machinery-building and metal-working groups. 
The lowest rate among these groups is for machine tools, 2.70 
tons, and this is less than one-half that for special machinery, 
which is 5.15 tons. Another low production rate is that of en- 


gines, turbines, and pumps, 3.17 tons. 
The comparisons of values per thousand factory man-hours 


Ratio of 
compiled Number Number 
to census of of 
production, com- em- 
Industries percent panies ployees 
Manufactured ice. . 6.2 6 1,061 
Explosives... .. 54.0 16 3,456 
Paper and pulp. . 23.6 50 28,832 
Pertiand coment.. 120 35,000 
Carpets and rugs... 8.5 4 2,334 
Lumber. . 5.7 34 14,103 
Firebrick. 3 962 
Cast-iron pi 6.2 1,783 


given in Table 2 are worthy of more extended consideration. 
The significant column in this table is the last, which gives selling 
values at the factory. It shows the sale value of product, mea- 
sured in dollars per thousand factory man-hours worked, for 
various product groups. 

The spread of these selling values ranges in round figures 
from $550 to $10,800, or in the ratio of 1 to 19. Industries 
which during the past few years have been prosperous are near 
the top of this list; and others which have become notorious 
because of their business troubles are near the bottom. A few 
cases are pointed out at the foot of the next column. 

Seemingly a high selling value of product per thousand factory 
man-hours worked indicates prosperity, and a low value for this 
same factor tends toward business distress. This indication 
is supported by a consideration of net profit on this same basis. 
The following tabulation compares the percentages of net profit 


TABLE 4 WAGES, COST OF MATERIALS, bey ened COST, VALUE ADDED BY MANUFACTURE, AND VALUE OF PRODUCT PER 1000 
ACTORY MAN-HOURS FOR 12 INDUSTRIES 
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OF VARIATION OF RATES OF 
CAL PRODUCTION PER 1000 FACTORY 
SISTAN. HOURS FOR 42 INDUSTRIES 


Number Number Ratio of Coefficients 
of of maximum to of 
com- em- minimum variation, 
Industries panies ployees rates per cent 
Steel fabrication.............. 6 3,004 1.54 13 
Engines, turbines, and pumps.. 5 2,471 2.72 17 
Manufactured ice. 6 1,061 1.70 18 
Iron and steel structural shapes. 6 3,388 1.88 20 
Oil-well equipment. . : 5 2,035 1.82 20 
Boilers and tanks. jtndesee Oe 4,064 3.34 21 
Malleable-iron castings. 4,107 2.06 21 
Cast-iron enameled ware. . 5 8,664 1.88 22 
Machine tools........... 8 2,276 1.87 22 
Steel castings. . ea 8,485 2.40 25 
Hoisting and peered ma- 
chinery. . ‘ 5 2,643 2.40 28 
Iron and steel tubing. wis 5 8,062 7.28 33 
Agricultural implements....... 5 2,677 3.04 36 
Bleached, dyed, and 
cotton "goods. . 5 5,248 3.26 36 
Valves and fittings. . — 10,215 9.25 36 
Boxboard. 5 3,303 2.10 38 
Hosiery. . a eee 7 2,698 3.90 39 
Automobile parts. seen 5 1,367 4.43 42 
Corrugated cartons. ; 5 806 3.90 45 
Railroad . 15,679 6.05 45 
Special machinery. . 8 3,089 17.20 45 
Leather shoes. . a 6 6,534 5.62 47 
Millwork—sash ‘and ‘doors..... 7 1,238 5.40 47 
Electrical 
tus, and supplies. . ‘ 8 14,777 4.86 49 
Gray-iron castings. . 16 9,409 16.30 54 
Manufactured gas.. 37 23,087 40.50 54 
Iron and steel skelp, Plates, ‘and 
sheets. . . s 8,634 6.35 55 
Petroleum Products. eee 7 10,880 4.45 55 
Wrapping paper. 3 6 1,477 3.85 55 
Paper and pulp.. 24 12,551 29.10 57 
Forgings. . .. . 11 5,260 18.40 60 
Bolts, nuts, and rivets. 6 4,419 7.06 61 
Non-ferrous castings. . 12 4,170 19.20 68 
Brass, pnenogs and | copper prod- 
ucts. . 14 23,510 50.15 72 
14,103 33.60 77 
Sheet- metal products. 8,261 18.20 77 
Cotton fabrics. . 13 11,850 20.80 79 
Automobiles. . 151,447 29.90 84 
7 1,684 41.20 135 


Value added Overhead, 


Wages Cost of Prime cost by manu- _ selling Value of 
per materials per facture per expense, product 
1000 per 1000 1000 1000 and profit per 1000 
man- man- man- man- per 1000 man- 
hours hours hours hours man-hours hours 
$683 $4,240 $4,923 $2,190 $1,487 $6,410 

796 1,010 ,806 3,220 2,334 4,240 
437 2,160 2,537 1,800 1,413 3,950 
465 1,760 2,225 1,065 600 2,825 
483 1,025 1,518 1,675 1,183 2,700 
605 1,460 2,065 ,188 575 2,640 
702 890 1,592 1, 598 2,1 

600 580 ,180 550 1,730 
440 350 790 1,330 890 1,680 
372 655 1,037 695 313 1,350 
273 831 1,104 493 216 1,320 
272 605 877 556 243 1,120 


earned by seven major industrial groups with the selling values 
of product, taken from Table 2, for various constituent product 
groups in the major industrial groups. The profit figures are 
taken from a paper presented to the National Association of 


Industries Having High Selling 
Value of Product per Kilo 


Industries Having Low Selling 
Value of Product per Kilo 


Man-Hour: Man-Hour: 
Paints, varnishes, and Yarn and thread....... $ 548 

lacquers. .. $9400 Sash and doors........ 584 
ee 7990 Writing paper......... 1000 
Petroleum products.... 7570 Malleable-iron cast- 
Automobiles........... 6410 1005 
Lead products......... 6030 Knitted underwear..... 1115 
Rubber tires........... 5080 Leather shoes......... 1120 
Beehive coke.......... 4725 Cotton fabrics......... 1320 
Ly-product coke....... 4700 Machine tools......... 1390 
Manufactured ice... ... 4240 1390 
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TABLE 5 COMPARISON OF PHYSICAL VOLUME OF 


PRODUCTION PER 1000 FACTORY MAN-HOURS 
FOR THE SMALLEST AND THE LARGEST 
COMPANIES OF 53 INDUSTRIES 


Number 
of com- 
nies Industries and 
in each units of 
industry production 


Cotton fabrics (Ib.).......... 


Hardware (toms)............. 


Automobiles (number)........ 


Yarn and thread (Ib.)........ 


Sheet-metal products (tons).. . 


Knitted sweaters and 


suits (doz.).. 


Book paper (tons).... 


Gray-iron castings (tons)..... 


Lead products (toms)......... 


Writing paper (toms)......... 


Wrapping paper (toms)....... 


Knitted underwear (doz.)..... 


Chemicals (tons)... 


Hoisting and conveying ma- 


chinery (tons)... . 


Bleached, dyed, and 
cotton ‘goods (yd.). 


Newsprint (toms)............ 


Millwork (doors)... 


Iron and steel wire (toms)..... 


Automobile parts (toms)...... 


Petroleum products 


Electrical 


machinery, 


(bbl.)..... 


appa- 


ratus, and supplies (toms)... 


Iron and steel structural oe 


(tons). 


Railroad accessories 


(tons).... 


Manufactured ice (toms)...... 


Bolts, nuts, and rivets (toms).. 


Paper and pulp (tons)........ 


Boilers and tanks (tons)...... 


Carpets and rugs (sq. yd.). 


Cast-iron enameled ware (tons) 


Machine tools (toms)......... 


Malleable-iron castings (tons).. 


Lumber (M ft. B.M.)........ 


Engines, turbines, and pumps 


Leather shoes (pairs)......... 


Special machinery (tons)...... 


Steel fabrication (toms)....... 


Manufactured gas (M cu. ft.). 


Wire products (toms)......... 


Oil-well equipment (tons)..... 


Valves and fittings (toms)..... 


Corrugated cartons 
Steel castings (tons) 


(tons)..... 


Number 
of 


employees 


Smallest 
Largest 
Smallest 
Largest 
Smallest 
Largest 
Smallest 
Largest 
Smallest 
Largest 
Smallest 
Largest 


Smallest 
Largest 
Smallest 
Largest 
Smallest 
Largest 
Smallest 
Largest 
Smallest 
Largest 
Smallest 
Largest 
Smallest 
Largest 
Smallest 
Largest 


Smallest 
Largest 


Smallest 
Largest 
Smallest 
Largest 
Smallest 
Largest 
Smallest 
Largest 
Smallest 
Largest 
Smallest 
Largest 
Smallest 
Largest 
Smallest 
Largest 


Smallest 
Largest 


Smallest 
Largest 
Smallest 
Largest 
Smallest 
Largest 
Smallest 
Largest 
Smallest 
Largest 
Smallest 
Largest 
Smallest 
Largest 
Smallest 
Largest 
Smallest 
Largest 
Smallest 
Largest 
Smallest 
Largest 
Smallest 
Largest 


Smallest 
Largest 
Smallest 
Largest 
Smallest 
Largest 
Smallest 
Largest 
Smallest 
Largest 
Smallest 
Largest 
Smallest 
Largest 
Smallest 
Largest 
Smallest 
Largest 
Smallest 
Largest 


Ratio 
Production of 
rate rates 
per of smallest 
1000 to 
man-hours largest 
77.90 Highest 30.80 
2.16 Low 
10,310 Highest 9.50 
1,087 Low 
44.60 High 8.56 
5.22 Low 
36.40 Highest 7.38 
4.94 Low 
2,580 Highest 5.91 
436 Lowest 
13.60 Medium 5.34 
2.55 Lowest 
132.00 Highest 3.67 
35.99 Lowest 
41.60 Highest 3.50 
11.91 Lowest 
17.65 High 2.96 
5.97 Low 
66.50 Highest 2.75 
24.20 Lowest 
7.94 Highest 2.73 
2.91 Low 
26.42 Medium 2.62 
10.08 Lowest 
370 Highest 2.54 
140 Lowest 
77.10 High 2.44 
31.65 Medium 
11.68 Highest 2.40 
4.87 Lowest 
64.80 Highest 2.37 
26.98 Medium 
66.00 Highest 2.10 
31.39 Low 
80.10 Highest 2.09 
38.32 Lowest 
615 Highest 1.92 
320 Lowest 
291.9 Medium 1.80 
161.7 Lowest 
61.5 Highest 1.80 
34.0 Medium 
9.64 Low 1.63 
5.86 Lowest 
1,942 Medium 1.58 
,234 Low 
8.08 Medium 1.54 
5.25 Medium 
36.20 Medium 1.51 
23.90 Lowest 
28.72 High 1.48 
19.40 High 
24.30 High 1.46 
16.61 Medium 
1,263 Highest 1.38 
913 Medium 
6.82 Low 1.31 
5.22 Lowest 
34.30 Medium 1.25 
27.50 Medium 
13.95 Medium 1.20 
11.60 Medium 
838 Low 1.12 
749 Low 
6.85 Low 1.06 
6.44 Lowest 
2.86 Medium 1.04 
2.74 Medium 
4.81 w 1.01 
4.78 Lowest 
31.80 Low 0.99 
32.25 Low 
3.06 Low 0.94 
Medium 
8 Low 0.86 
373 Medium 
3.88 Low 0.83 
4.66 Medium 
32.98 Lowest 0.78 
50.60 Highest 
1,458 Low 0.76 
1,920 Medium 
6.48 Medium 0.74 
9.19 High 
6.28 Low 0.71 
8.36 High 
3.78 Low 0.63 
5.97 Medium 
28.60 Lowest 0.49 
58.80 High 
7.80 Low 0.47 
16.61 Highest 
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Iron and steel skelp, plates, and 


Serer Smallest 34.65 Low 0.46 
Largest 76.20 High 
4 Paint, varnish, and lacquer 
Smallest 2,420 Lowest 0.36 
Largest 6,750 High 
5 Agricultural implements (tons) Smallest 9.03 Lowest 0.32 
Largest 27.40 Highest 
3  Firebrick (mumber)........... Smallest 12.47 Lowest 0.30 
Largest 42.10 Medium 
12 Non-ferrous castings (tons).... Smallest 3.78 Low 0.22 
Largest 17.10 High 
14 Brass, bronze, and copper prod- 
Smallest 1.48 Low 15 
Largest 9.80 Medium 
5 Iron and steel tubing (tons)... Smallest 7.89 Lowest 0.15 
Largest 51.70 High 


Cost Accountants by John T. Madden, Dean of the School of 
Commerce, New York University. 

One more inter-industry relationship requires consideration: 
the relation between managerial effort and selling value of prod- 


uct. It may be assumed as substantially true that managerial 
Percentage Selling value 
Industrial of net profit, Constituent-product of product per 
group 1925 groups 1000 man-hours 
Leather 3.26 $1120 
Yarn and thread....... 548 
Knitted underwear 1115 
Cotton fabrics. 1320 
Textiles 4.11 Rope and twine. . 1330 
Hosiery. . 8 1390 
Knitted sweaters 1447 
Sash and doors... 584 
Millwork—doors. . 1160 
Lumber 5.38 Furniture... 1440 
Woodenware.... 2070 
Lumber...... 2190 
Writing paper... 1000 
Book paper...... 1950 
a Boxboard....... 2180 
Paper 6.9% Wrapping paper. . 2190 
Paper and pulp.. 2825 
| Newsprint...... 3020 
Printing 7.73 Commercial printing. . . 2370 
Rubber 8.98 Rubber tires. . . . 5080 
Explosives...... 3950 
By-product coke....... 4700 
Lead products...... 6030 
Chemicals 10.15 Petroleum products 7570 
Paint, varnish and lacquer 9400 


effort and supervisory costs of man management vary directly 
with the number of man-hours worked. This being so, it ap- 
pears that the managements of some industries exert far more 
effort in man supervision for, say, $1000 worth of product than 
others. For example, this managerial ratio for writing paper 
and rubber tires is 5 to 1; for leather shoes and lead products, 
5'/. to 1; for grey-iron castings and sutomobiles, 6 to 1; for 
candy and soap, 6/2; to 1; for cotton fabrics and paint, 7 to 1; 
and for machine tools and flour, 7 to 1. These are but a few 
of such ratios that may be computed from inspection of the 
data of Table 2 


IntTRA-INDUSTRY RELATIONS 


That variations exist between the effectiveness of operation 
of plants in the same industry is well known. The extent of 
such variations measured in physical output per thousand man- 
hours is indicated in Table 3. Here are given for each of 42 
product groups the ratio of maximum to minimum production 
rates and the coefficient of variation. Even allowing for varia- 
tions in volume and quality of products, the lesson of this table 
is plain and inescapable. Many plants in every line of industry 
need upgrading to bring their production per man-hour up to 
the high level already attained in that industry. 
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Economic CONSIDERATIONS 


Members of this Society were the first to declare, in the face 
of much objection and opposition, that low manufacturing costs 
accompany high wages. The data in Table 4 indirectly support 
this economic truth. High wages are seen to accompany high 
values added by manufacturing and high selling values of prod- 
uct. Here again the arrangement of product groups is similar 
to that noted by preceding analyses, with automobiles, manufac- 
tured ice, and explosives at the top, and leather shoes, cotton 
fabrics, and cast-iron pipe at the bottom. It appears that cer- 
tain industries are caught in a vicious circle of low wages and 
inefficiency. 

Much discussion has been given to the question of relative 
efficiencies of large and small plants. Table 5 presents data 
on this point for 53 product groups. The indications are in 
favor of the small plant when measured by the number of workers 
employed. This high production per hour, which must be ac- 
companied by low manufacturing cost, may be a reason for the 
persistence of the small plant in spite of consolidations and mer- 
gers. A survey made by the Chamber of Commerce of the 
United States for the year 1927 shows that of 1701 newly located 
plants, 1537, or 90 per cent, employed fewer than 100 men. 

An analysis of the data of Table 5 follows: 


The smallest company has a higher rate of production than the 
largest company in 35 industries. 

The smallest company has a lower rate of production than the 
largest company in 18 industries. 

The smallest company has the highest rate of production in 
16 industries and a high rate in 5 industries. 

The smallest company has the lowest rate of production in 
6 industries and a low rate in 16 industries. 

The largest company has the highest rate of production in 
3 industries and a high rate in 8 industries. 

The largest company has the lowest rate of production in 18 
industries and a low rate in 10 industries. 

The smallest company has the highest rate of production and 
the largest company has the lowest rate in 8 industries. 


IMPLICATION OF THE COMPARISONS 


The principal implications of the comparisons presented, 
wherein certain plants and certain industries are shown to have 
high values for production, value added by manufacture, selling 
value of product, wages paid, and net profit earned, all on the 
basis of one thousand factory man-hours worked, and certain 
other plants and certain other industries have low values for all 
these factors, are two: 


That American industry may continue to progress, 

(1) Those plants having low operating factors, as shown 
by the man-hour basis, must be upgraded until their 
records are substantially equal to the average of their 
product group. 

(2) Those industries that have the lowest factors must be 
upgraded until they substantially equal in performance 
other industries that are making a satisfactory manu- 
facturing profit. 


The most potent attacks that can be brought to bear upon 
this problem of upgrading are in the reduction of waste, lower- 
ing of cost, and improvement of processes, equipment, and 
methods. In these activities the members of The American 
Society of Mechanical Engineers must play an important part 
during the immediate future. Millions of dollars must be spent 
in industrial research, and billions invested in new machinery 
and equipment. The economic expenditure of these sums will, 
in a large measure, become the responsibility of engineers. 
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For some months this Society has been interested in the possi- 
bilities of a survey of American manufacturing equipment to 
determine its degree of inefficiency and obsolescence. It is 
possible that a satisfactory indication of such ineffectiveness 
would be secured by investigating production in terms of man- 
hours, which can be easily done. Because of this possibility, 
and because of the advantageous comparisons in operation which 
can be worked out on the man-hour basis, the authors recommend 
that The American Society of Mechanical Engineers, acting 
through the American Engineering Council, seek to have the 
number of man-hours reported in the next and succeeding Federal 
Censuses of Manufactures. 


TABLE 6 AUTOMOBILES 
Production Deviation 


Production rate in of rates 
Number of in cars per from 
Number of man-hours number of 1000 weighted 
Companies employees worked cars man-hours mean 
A 2,745,117 3,355 1,22 — 7.86 
B 4,841,690 8,801 1.83 — 7.25 
. 10,285,056 31,769 3.09 — 5.99 
D on 167,946,281 827,056 4.94 — 4.14 
E “ne 49,574,200 261,164 5.26 — 3.82 
F — 7,781,347 45,310 5.82 — 3.26 
G 6,670,741 45,300 6.79 — 2.29 
H 2,581,744 27,893 10.80 + 1.72 
1 19,816,711 32,122 16.20 + 7.12 
‘ne 2,146,331 39,980 18.60 + 9.54 
Largest 106,200,000 2,090,959 19.70 +10.62 
L Smallest 1,621,958 59,074 36.40 + 27.32 
12 151,447 382,211,176 3,472,783 9.08 90.93 
Mean deviation of rates. . 7.58 
Coefficient of variation of rates, per cent 83.5 
Ratio of maximum to minimum rates. 29.9 
Census Data 
Number Number Production Ratio of compiled 
of companies of employees in number of cars’ to census data 
297 197,728 4,178,247 83 per cent 
Unit value Value per 
Amount per car 1000 man-hours 
(dollars) (dollars) (dollars) 
341,210,401! 75.20 683 
Cost of materials......... 2,108,191,812! 466.00 4,240 
— added by manufac- 
2,952,650,573 706.00 6,410 


of product. . 


1 The value of product corresponding to these values is $3,198,122,633, 
which is 8 per cent “— er than the value of product corresponding to the 
quantity of product. he rates have been adjusted accordingly. 

TABLE 7 COTTON FABRICS 
Production Deviation 


rate in of rates 
Number of Production pounds per from 
Number of man-hours in 1000 weighted 
Companies employees worked pounds man-hours mean 
A 1,300,800 4, 495 — 1,705 
B 3,240,641 1,706,684 25 — 1,675 
1,012,680 593 — 1,607 
D Largest 4,941,600 5,362,935 1,087 —1,113 
E ewe 4,468,424 5,165,696 1,156 — 1,044 
F 472,191 622,000 1,319 — 881 
G 651,600 1,213,937 1,861 — 339 
H 3,150,000 ,580,097 2,087 — 113 
I 1,171,338 2,649,357 2,260 + 60 
J 4 836,000 3,220 +1,920 
K 3,445,883 15,315,053 4,440 +2,240 
L — 2,466,190 9,447,000 4,760 2,560 
M Smallest 516,000 5,334,067 10,310 +8,110 
13 11,850 31,137,347 68,477,436 2,200 22,467 
Mean deviation of rates. 1728 
Coefficient of variation of rates, per 78.5 
Ratio of maximum to minimum rates. ; 20.8 
Census Data 
Number Number Production Ratio of 
of of in compiled to 
companies employees pounds census data 
1,366 445,184 2,070,985,006 3.3 per cent 
Unit value Value per 
of product 1000 man- 
Amount per pound hours 
(dollars) (dollars) (dollars) 
353,882,870! 0.124 273 
1,077,152,614! 0.378 831 
Value added by manufacture... 637,215,173! 0.224 493 
Value of product.............. 1,245,139,031 0.601 1,320 


1 The value of product corresponding to these values is $1,714,367,787, 
which is 13.8 per cent higher than the value of j mew y corresponding to the 
quantity of product. The rates have been adjusted accordingly. 
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Discussion 


C. E. KNoerre..* To adequately discuss a paper as important 
as this one, it is first of all necessary to consider some of the funda- 
mentals involved. 

In the last analysis, industry is that mechanism designed and 
built by man, during the march of the centuries, to supply his 
needs and his wants. Necessities and luxuries are only relative 
terms, for there is no limit to human desires but man’s ability to 
supply the things that satisfy those desires. Yesterday the auto- 
mobile was a luxury, today it is a necessity. Today the airship 
is a luxury, tomorrow it will be a necessity. Industry, then, in 
its simplest expression, is the production of supply. 

This establishes production of supply as the most fundamental 
thing in industry. 

What is it that produces? Materials are static until man be- 
gins to appreciate what they contain. They are valueless until 
the ingenuity of man (engineering) is concentrated to the task 
of utilizing them. A ton of iron ore in the mine is no different 
from a ton of rock on the mountain side, until man finds out that 
iron contains ingredients not found in the rock, that iron and 
rock can be put to different uses, and that these uses can be made 
productive in different ways, the one for steel and the other for 
cement. 

Materials become useful, in other words, only when man 
begins the work of mining ore and making iron and steel therefrom 
or of crushing rock and mixing it with sand and water to make 
cement. 

Products are not the things we see, such as an automobile, a 
suit of clothes, a box of candy, a pencil, or piano. These are 
only the effects of a definite cause. 

Faraday had an “‘idea,”’ and thought out a way to induce a 
current of electricity through a wire by rotating a copper coil 
between the ends of a magnet. Today, because of the thinking 
of Faraday and of all who preceded and followed him, we have a 
gigantic electrical industry worth well over twenty-five billion 
dollars. Réaumur spent his life “thinking’’ about wasps. He 
thought about the way they made their nests of that paperlike 
substance with which we are all so familiar. He thought about 
the raw material they used, the wood and vegetable matter 
which they chewed, ‘‘digested,’’ and used for nest building. To- 
day, as a result of his thinking, we have newspapers and books 
and magazines, made of pulp paper, and all because a man spent 
his life thinking about wasps. 

Harrington Emerson has said that a single idea may have 
greater value to the race than the labor of all men, animals, and 
engines for a century. 

When we say that Columbus discovered America, we mean that 
his “thinking’’ discovered it. If you could divorce Edison from 
his thinking, you would have a hulk of flesh totally incapable of 
giving us the inventions and discoveries that have made him 
famous. 

There is not a development in the making of any product, since 
time began, which started from anything else than the thinking 
of man. 

Products cost nothing—as products. What costs are rent, 
interest on borrowed money, taxes, depreciation, insurance, com- 
missions, wages, salaries, bonuses, maintenance, light and heat 
and power, freight and express, advertising, engineering, storage, 
and many other things, all of which are expended for “‘past’’ and 
“future” labor on the part of some one, somewhere, right back 
through to mines and forests and land and the animal kingdom, 
which without direct cost to us give us so freely of their treasure 
and offspring. Even air and water are nature’s gifts, the direct 
cost being nothing. 


* Knoeppel Industrial Counsel, Cleveland, Ohio. 
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Labor or effort is the result of the thinking in time, and hence 
all products are the composites of human energy. Thinking— 
thinking in time— is therefore the cause and maker of products. 
Or it can be looked at in another way by defining time as 
“the measure of our processes of thinking.”’ 

Take two pieces of boiler plate of the same size and thickness, 
and therefore the same cost on the same material market. In 
one plate 10 holes are punched, while in the other 100 holes are 
punched. To mark and punch by hand and machine takes ten 
times the effort in the one case as it does in the other, although 
the material ratio is 1 to 1. In other words, the material is the 
incidental consideration. What man does to it, through effort, 
is the major factor. 

The machine which punched the holes is a product of man’s 
effort measured in time. It represents and replaces the work of 
numerous men who would be required to punch the holes by 
hand. 

The less the relative cost of a thing, the greater the proof of 
labor saving, or saving in time, and the higher the output in the 
way of effort, or thinking in time. This is evidenced by the 
$9400 per 1000 man-hours, at high earnings, for paint, varnish, 
and lacquer, as against $1120 per 1000 man-hours, at low earn- 
ings, for leather shoes, as taken from data given in the paper. 

A backward industry is backward simply because time mea- 
sures the result of inaccurate and insufficient thinking, or ineffi- 
cient human effort. A successful industry is successful because 
time measures an efficient thinking, or productive human energy. 
Compare automobiles with $6410 of value per 1000 man-hours 
with $1140 per 1000 man-hours for bituminous coal mining, and 
the full force of these statements will at once be apparent. 

Henry Ford has said: ‘Take a vein of coal in a mine. As 
long as it remains in the mine, it is of no importance, but when a 
chunk of that coal has been mined and set down in Detroit, it 
becomes a thing of importance, because then it represents a 
certain amount of labor used in mining and transportation. If 
we waste that bit of coal—which is another way of saying if we 
do not put it to its full use—then we waste the time and energy 
of men.” 

Human effort in time—or thinking in time, for there could be 
no effort without thinking—is therefore the truest gage we can 
use in measuring and evaluating productive processes. 

Time is a raw material; thinking is motive power. Thinking 
in time gives z results, good or bad, efficient or inefficient, de- 
pending upon the effectiveness of man’s thinking in the hours and 
minutes which constitute the capital given him by an all-wise 
Providence. 


Epwin M. Herr.’ This interesting and valuable paper shows 
so much very intelligent research and analysis and brings out so 
clearly many points in manufacturing operation that it is to be 
regretted that an effort has not been made to establish the limita- 
tions of the ‘‘man-hour worked”’ basis of measurement of manu- 
facturing efficiency. Industries differ greatly and their products 
are of widely different values, not only per unit but also per pound 
or ton of product. They also contain very different amounts of 
manual labor. 

The great increase in the use of automatic machinery and ap- 
pliances is revolutionizing the labor content in many products, 
so that it is necessary to introduce other factors than the man- 
hours worked before attempting to compare the efficiency of 
management. That this is true is borne out by the extreme varia- 
tions of the ratio of maximum to minimum rates of production 
per kilo man-hour, shown in Table 3. 

Can it be possible that there is a comparable production ratio 


7 President, Westinghouse Elec. and Mfg. Co., New York, N. Y. 
Mem. A.S.M.E. 
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among the companies in any industry varying from 1.54 to 91? 
How could any unit endure whose production, correctly measured, 
differed from its competitors, also correctly measured, by any 
such ratio? In no business is the margin of profit anything ap- 
proaching this. 

Again, in comparing Tables 1 and 2, the authors state: ‘The 
production rate for boilers and tanks is 12.05 tons, for agricultural 
implements 16.65 tons, and for sheet-metal products 17.30 tons. 
The last rate is the highest for the machinery-building and metal- 
working groups. The lowest rate among these groups is for 
machine tools, 2.70 tons.” 

If by sheet-metal products is meant rolled steel sheets, pro- 
duced very largely by machinery with but little man labor, and 
the machine tools include, as they probably do, tools requiring 
a great deal of fitting and other manual work, the rating, with 
equally effective management, would probably be as shown. 

Table 6, Automobiles, would be very much more valuable if 
the unit value per car in dollars were shown. Unless there is 
a great difference in the value of the cars produced, it is difficult 
to see how the companies producing from 1.22 to 3.09 cars per 
kilo man-hour could long remain in business in competition with 
those producing from 9 to 30 times as much. 

The same is true of Table 7, unless the production is of a very 
different quality and kind. 

The man-hour basis has many uses, as the paper shows, and 
in those places where other factors of production are not too vari- 
able, can be of great use. The need for some basis for valuating 
manufacturing operations is so great, as the paper points out, that 
it is to be hoped factors can be introduced that may produce a 
reasonably simple base which can be broadly used. At least, 
the limitations of the kilo man-hour base should be carefully 
studied and defined. 


Georce D. Bearce.* The paper is a comprehensive and de- 
tailed study of industrial operations. Every industry doubtless 
has established its own basis for making comparisons. In some 
industries there are a number of base factors which are similar, 
but which do not allow for a reasonable comparison. Any 
method of industrial evaluation in the manufacturing processes 
that can be universally used in industry would be unquestionably 
of value and interest. 

The paper industry has used to some extent the production per 
man-hour. The use of the “kilo man-hour,” or 1000 man- 
hours, is a logical standard. In attempting to make an analysis 
of this paper, perhaps the best plan is to compare the results of 
two of our plants on the kilo man-hour basis. The following 
tabulation covers the first nine months of 1928 in these two: 


Production 
rate per Manufacturing 
1000 man- labor cost per 
Man- Production hours, 1000 man- 
hours ‘ tons short tons hours 
Mill A..... 1,386,192 70,083 50.6 $246 
Mill B..... 2,055,120 143,455 69.8 26 


Mill A is a reasonably old plant, but has been kept up to pro- 
duction and in good shape mechanically. Mill B might be termed 
as one of the modern mills for making newsprint, although it was 
built six or eight years ago. As will be noted, the production of 
Mill B is just about double that of Mill A. The production rate 
per 1000 man-hours is 19.2 tons, or 38 per cent, greater for the 
new and modern plant than for the older establishment. On the 
other hand, the manufacturing labor cost is $226, or only $20 
(or 9 per cent) less per 1000 man-hours in the new plant than 
in the old plant. 


* Engineer, Manufacturing Department, International Paper Co., 
New York, N. Y. Mem. A.S.M.E. 


MANAGEMENT 


MAN-51-2 


Since this manufacturing cost does not include all of the labor, 
this may account for some of the variation. Even with the al- 
lowances it would indicate from a standpoint of management that 
Mill A, or the older plant, is better operated. From a reasonably 
good knowledge of the conditions in most of the mills, this does 
not appear to be the case, although there may be some factors 
that are overlooked in using the ordinary method of compari- 
son. 

The original value of Mill B, or the modern plant, was approxi- 
mately $32,000 per ton of daily production. On the other hand, 
Mill A was originally valued at about $14,000 per ton of daily 
production. The intrinsic value from an operating standpoint is 
not the difference as indicated by these original costs. Without 
question the more modern mill is well laid out, has better equip- 
ment, and should have marked advantages over the old plant. 
However, the difference in construction costs should be considered 
in making an attempt to measure the relative value of labor and 
fixed capital in the results obtained by any plant. 

The use of the formula P = bL’/* C’/* does not appear to 
show a reasonable comparison of Mills A and B, considering labor 
and fixed capital. These comparative figures of capital value 
would indicate that the more modern mill should be much more 
efficient than is possible. Doubtless some other factor should 
be included in the attempt to make a comparison of this nature. 

The comparisons as suggested by the authors indicate reason- 
able methods of analyzing industrial concerns making practically 
the same product. However, it is hard to see how two different 
products can be compared with any reasonable degree of accuracy 
because of the variations between industries. 


F. H. Fiessy.’ The authors, in exploring the field of unde- 
veloped possibilities, have brought to light a fresh idea. Much 
credit is due for the enterprise that impelled them to accomplish 
the labor necessary in connection with illustrating the idea in a 
form that the layman may readily learn as he reads. Thoughtful 
men of business should welcome this basis as a means for evaluat- 
ing management in industrial operations. 

Trade associations will welcome it and put it to good use. Re- 
search organizations doing work along the line of acquiring reli- 
able information with respect to financial and operating ratios 
pertaining to the groups they serve will receive a new impetus 
and encouragement to broaden their work to include, for a mea- 
surement of management in industry, this very important basis 
that approaches the subject from a new and interesting angle. 

In the final analysis the basis of evaluation proposed in this 
paper may be briefly described as a means for the evaluation of 
management in industry. The more intelligence and care exer- 
cised in the selection of the manufacturing units that will form 
the groups for comparative purposes, and the more intensive the 
effort to classify industry properly for this purpose, the more 
value will be derived from the application of the basis as a measur- 
ing stick of management. 


ArtHuR Hvuntineton.” The use of compound units for 
evaluating manufacturing operations is a step forward in cost 
accounting in industry and will be valuable in all production 
fields when better understood and more generally applied. This 
engineering conception of evaluating operation will call for a 
whole class of “compound units” each of which will clarify the 
relations which exist between the various production factors. 

The paper deals with production per kilo man-hour as applied to 
manufacturing when viewed by the mechanical engineer. The 
agricultural engineer has been applying the same measure to 
agricultural operations, both in crop production, which follows 


® General Partner, Ernst & Ernst, New York, N. Y. 
© Towa Railway and Light Corp., Cedar Rapids, Iowa. 
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one set of laws, and in a certain phase of agricultural operations 
which follow very closely the laws of manufacturing. 

The production per worker in crop production of the agricul- 
tural engineer corresponds exactly to the kilo man-hours of the 
authors, and when developed along parallel lines shows relatively 
the same efficiencies and spread between the efficient and ineffi- 
cient operating units. 

While the agricultural engineer has not as yet the wealth of 
data which are at the disposal of the mechanical man, that data 
which he has amply justify the conclusion that, when fully 
analyzed, the agricultural facts will square with those of industry. 

The rapid introduction of the tractor, the one-way disk, and 
the combine are rapidly increasing the spread between the pro- 
duction per worker in areas where the farm units are small and 
the equipment meager (which was up to date a few years ago) 
and the large power-equipped farm. 

The latest figures for this spread—those of 1928, which are not 
yet available— will be obsolete as soon as the first of the crop of 
the Southern wheat district will be on the road to market. 

Corn production shows the same advancement. In 1850 it 
took 39 hours to produce about 30 bu. of corn with one worker 
handling about ten to twelve acres, or about */, bu. per man-hour. 

In 1925 the corn-belt farmer produced an acre in about 16 
hours—handled from 40 to 80 acres and produced about 2'/, 
bu. per man-hour, whereas many efficient workers handle up- 
ward of 200 acres and produce as high as 10 bu. and in a few in- 
stances more than 20 bu. per man-hour. 

These increased yields are accompanied by corresponding de- 
creased costs in production for the efficient producer and cor- 
respondingly depress the inefficient producer. 

In Nebraska the spread in the cost of producing wheat in 1927 
varied from 38 cents per bushel west of the 100th Meridian to 
86 cents in the eastern part of the state, 

The variation in the cost of producing corn in Iowa varied from 
33.4 cents per bushel where each worker handled 120 acres and 
had a yield of 85 bu. per acre to $1.142 per bushel where the 
worker handled 40 acres and produced only 25 bu. per acre. 
Many inefficient workers on small tracts had costs upward of 
$2 per bushel. 

In each crop the difference both in the production per worker 
and the cost per bushel was largely the result of proper or im- 
proper use of those factors which the engineer has introduced into 
the field of agriculture. 

Many cows on these farms in the corn belt produce less than 
125 lb. of butter fat per year at a cost of around 80 cents per 
pound, whereas others produced upwards of 500 Ib. at a cost of 
about 35 cents. 

It may surprise most mechanical engineers to know that power 
and equipment are the most vital factors in agriculture and that 
production per worker increases in almost direct proportion to 
their use. 

A few years ago price was the sole factor considered by the 
agricultural mind, there being little conception of either cost of 
production or the effect of either quantity per acre or quantity 
per worker, and a high price gave full confidence that the income 
was sufficient. 

Only recently the agricultural engineer has given to the in- 
dustry a cost formula which gives to the agricultural producer 
his costs within 2 per cent. It is the same general formula 


used in figuring power costs in a modern power plant. 

It is hased on the well-known method of gathering all costs 
which are fixed and independent of the crop and adding to this 
amount the unit costs which vary with the units produced multi- 
plied by the number of units produced and divided by the number 
of units. 

Nations are roughly prosperous in proportion to their ability 
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to multiply the producing ability of the workers with the use of 
power and equipment. By such means America has been able 
to multiply the producing ability of the workers 35 fold as com- 
pared to the producing ability of those workers not so equip- 
mented. 

In California, rice is produced with $8 per day oriental labor 
on land which yields less than half as much rice per acre as is pro- 
duced in China and at a cost so low that it can be shipped to 
China and sold in competition with coolie-produced rice where 
the wage is 12 to 15 cents per day. The answer is that a Cali- 
fornia oriental working with American equipment produces 3000 
to 3500 bu. of rice per worker per year whereas the China oriental 
equipped with a bucket and a hoe produces from 9 to 10 bu. per 
worker per year. 

The caste system of India is being disrupted on account of the 
tailor class rising clear out of their caste. The reason is the 
American sewing machine, which multiplies the production per 
worker manyfold. 

The production per worker is a large and vital factor, but it is 
only one of many such compound units. 

The production per dollar, while of minor importance in those 
industries where the business cycle is short, becomes of major 
importance where the business cycle is long. It reaches its 
greatest importance in those industries where the basic property 
is not sold, only the produce of the property being dealt with. 

In many of the utilities the business cycle is four to five years, 
and in agriculture it is as much as ten years. In these industries 
the production per dollar becomes a major factor. 

It would seem that the use of compound units is of sufficient 
importance to engineering analysis so that further study should 
be made, not only of the kilo man-hour, but also of the unit of 
output per dollar, and in all probability many others. 


Wa N. PotaKov.'! In the discussion of this interesting 
paper I shall limit it to the detection of postulates which have 
given rise to the doctrine and theorem stated in the first part of 
the paper. 

The departments of statistics and economics, to be sure, are 
close neighbors of engineering, but analytical thought is the very 
core of engineering, for without a diligent inquiry into what is 
assumed and what is postulated, what are the undefined or vari- 
able terms, and what are defined or constant terms, what are the 
theorems and how they have been deduced, the management en- 
gineering is as much at the mercy of chance as construction engi- 
neering which neglects to ascertain the strength of materials used 
or to check up the dimensions of various parts of the plant. 

Confronted by a doctrine in any department of thought, there 
is no alternative but to subject it to such a logical analysis. 
What, then, is assumed by the authors, and what are their postu- 
lates upon which they proclaim the doctrine? The doctrine itself 
is announced by them as “‘A new societal doctrine: preciousness 
of human effort.” 

The first postulate explicitly stated is that expressed by Cobb 
and Douglas in their formula for production, deduced as a result 
of their investigation for establishing the ratios of the effect of 
labor and fixed capital on preduction. It postulates that “‘three- 
fourths of the change in the production is imputed to labor, and 
one-fourth to fixed capital.’”” The second explicitly stated postu- 
late may be detected in their formulation that the progress made 
in American industry during the past decade is due to ‘‘the con- 
trol of the flow of work required to bring it about.” This has 
been proved both theoretically and experimentally by the late 
H. L. Gantt and his co-workers. 

It is beyond the scope of this discussion to inquire whether the 
formula of Cobb and Douglas is true to fact, as it likewise is to 
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prove that the managerial technique in controlling the flow of 
work has played the dominant part in the increase of productivity 
in the American industry. The writer merely will point out what 
was postulated explicitly prior to the announcement of the doc- 
trine. Now, observing that both these postulates are within the 
field of economics, it becomes evident that the term “‘precious- 
ness”’ as applied to human effort has economic meaning and is 
used by the authors in this sense, in contradiction to the other 
two doctrines of organized society formulated by them as “the 
sacredness of human life’ and “the dignity of human labor.” 
For the term “sacredness,” as applied to human life, implies the 
religious doctrine; and the term “dignity,’”’ as applied to human 
labor, implies a body of social doctrines. 

But what is assumed, or at least not explicitly stated? The 
authors admit at the announcement of their ‘“‘new’’ societal doc- 
trine that the one “‘which we are now adding, we owe to our en- 
gineering associates of the past quarter of a century.”” What are, 
then, these implied obligations of the authors to the engineering 
thought of the last quarter of a century? What are these as- 
sumed and implied but not explicitly stated postulates which led 
the authors to state the doctrine of ‘“‘preciousness of human 
effort,” and what are the propositions that led them to formula- 
tion of their theorem that the preciousness of human effort is 
measurable in man-hour units? 

It is as obvious as anything may become that the body of doc- 
trines underlying, for example, the writer’s work entitled ‘‘Master- 
ing Power Production,” or vols. 3 and 4 of the Foremanship 
Course of the Y. M. C. A., constitute the implied “teachings” 
that ‘have given us a new societal doctrine.” In the preface to 
the book it is stated, ‘Human conception of time is the working 
force of progress and improvement, inasmuch as we seek, learn, 
and teach how to produce greater results in lesser time, thus sav- 
ing the time allotted us in our lives to live,”’ or again, ‘The 
problem of mastering production resolves into mastering of time, 
or, what is the same, extension of human life and happiness.” 

The authors stated that their doctrine imposes the obligation, 
on the one hand, to conserve human effort and prevent its waste, 
and, on the other, to use it with the greatest of managerial skill 
and effectiveness in doing the work of industry. In that the value 
assigned to both variable and defined terms is limited to preven- 
tion of waste and effectiveness in doing the work of industry, 
which again is consistent with the previously deducted meaning 
of the term “‘preciousness of human effort,”’ that is, preciousness 
from the point of view of industry. Yet what is understood as 
the aim of the industry, both as an enterprise and as a body of 
achievements, has been left undefined by the authors. 

Has the elimination of waste the broader human value than the 
value for industry proper? Has the effectiveness of the work of 
industry the effect on ‘extension of human life and happiness?” 
Does it result in ‘‘saving the time allotted us in our lives to live?” 
These considerations are obviously implied, inasmuch as the 
doctrine itself is deduced from a set of propositions broader in 
scope, but the meaning assigned to the doctrine as formulated by 
the authors is limited within the domain of industry, as if industry 
were an activity “‘per se.”” Nevertheless, the authors modify 
their term “doctrine,” by calling it a “societal doctrine,” which 
allows us, at least by implication, to consider that the true 
preciousness of human effort lies rather in the “social” value of 
conserved effort. This term, unhappily, was also left undefined. 

After this general consideration of the basic doctrine accepted 
by the authors, there now can be given a critical examination of 
their theorem. ‘Having established the time factor as one that 
satisfies the requirements of a base for a group of compound units, 
it is necessary to determine the unit in which it shall be ex- 
pressed,’’ said the authors. “One thousand man-hours has been 
taken as this unit.” This theorem was illustrated by the authors 
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by the examples of application, in general terms, in part I of 
their paper, and by statistical illustrations in part II, but veri- 
fication and proof itself was omitted, and instead twice proclaimed 
as ‘‘self-evident.’’ Nevertheless, it might not be without interest 
to recall that such demonstration and proof of both the time 
as correct dimensionality of human work and of man-hour as 
a unit of human work have been repeatedly published by the 
present writer. 

To quote from the preface to “Mastering Power Production,”’ 
written in August, 1920, “If a coal miner... produces a 
thousand pounds of coal ... our thermal equivalent of one 
man-hour is 14,000,000 B.t.u.; ... If we learn how to save 
one-half of our waste, we either double man’s productivity within 
his life or give him a new lease on life to enjoy and to advance.” 

Again, in the writer’s article, “The Measurement of Human 
Work,” originally published in Management Engineering for 
February, 1922, and later reproduced as an appendix to Clark’s 
“The Gantt Chart,” Ronald Press Company, it was stated: 


Time being the specific dimension of man and of production, the 
units of time are thus the only units by which production can be 
measured. Any theory in regard to mankind in which time is 
considered of no consequence is utterly useless in our practical life 
or industrial world. The practical task of controlling production 
must of necessity begin with measurement, and, to be correct, 
measurements must be in the proper dimension. We cannot use 
for measuring human work the units of mechanical power, such as 
foot-pounds or horsepower, which embrace only the muscular work 
of man, even though these expressions contain the time rate, for it 
would be a confusion of part with the whole. The time rate of man’s 
work (that is, the man-hour) is the only measure of production which 
is of the same dimensionality as the energy causing it. 


To produce here the proofs offered at that time by the writer 
is hardly necessary, as those interested may refer to the original 
sources. 

It is indeed gratifying to the present discussor that in conclud- 
ing their paper the authors have come to realize the value of 
man-power dimensionality advocated by him for upward of ten 
years, but it is to be regretted that only inadequate and immature 
conclusions are drawn and no practical use is made. 


Laurence H. Sioan.'? The authors have accomplished two 
singular things: they have given business one of the most aston- 
ishing documents which it has received in recent years, and they 
have given bankers and security owners a glimpse of what might 
be romantically termed an analytical paradise. 

The significance of the paper from the industrial and technical 
standpoint is so apparent that it needs no discussion. The signifi- 
cance from the standpoint of those who are obliged to appraise 
a specific business situation in the light of credit risk or of those 
who similarly are obliged to appraise a given situation as an in- 
vestment risk is equally great. 

Balance sheets and income accounts, in the form in which they 
are now most commonly rendered, tell only the beginning of the 
story. The writer has just emerged—rather bedraggled, some- 
what defeated, and wholly disgusted—from a close item-by-item 
study and comparison of some half-thousand official statements 
of leading industrial corporations. The assumption preliminary 
to this study was that it is actually the function of any annual 
statement to give the security owner a clear idea of the financial 
position and progress of the business for which he has helped 
to provide the capital. The conclusion as a result of the study 
was that a great many official statements tell only the minimum; 
that the minimum is not nearly enough; that corporate financial 
statements must either be greatly amplified or carefully supple- 
mented if they are really to provide the basis for the intelligent 
selection of credit and investment risks. 
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Report of corporate results—volumes, values, profits, etce.— 
in terms of kilo man-hours would constitute a supplement of 
extraordinary value. It would completely revolutionize that 
aspect of business which has to do with the appraisal of financial 
risk. Bankers, careful investors, and conscientious security 
analysts would go beyond mere welcome of such data; it is a 
safe assumption that they would do anything within reason to 
obtain them. 


Kennetu C. Hoaate.'? Management—most elusive of all 
factors in evaluating a financial situation—may at last be mea- 
sured as a result of the studies of the authors. The kilo man-hour 
is an index that may come to mean as much to the financial 
community as net quick assets or inventory turnover. 

By utilization of this formula come revelations which are not 
short of astounding. Of the 42 industries analyzed the average 
variation between the maximum and minimum producers in the 
same industry is 13.25 times in value of product. 

Stockholders and investors will thus find a light for the pro- 
tection of their capital thrown into a hitherto darkened area. 
The nation will find another means of increasing its operating 
efficiency through the correction of control demonstrated rela- 
tively unproductive. 


W. C. Wricur.'* The writer will endeavor to describe the 
measure of management in the baking industry which has been 
evolved, showing also what results have been accomplished. 
As has been stated, labor turnover percentages, financial ratios, 
and operating ratios are all valuable as indicators, but they do 
not provide the means for reaching the destination of results in 
the straightest line. 

Whether an industry is operating in the class of continuous 
production or on a job basis, methods must be formulated for 
ascertaining, not only the costs under all conditions, but also 
the causes. The significance and importance of each contributing 
factor must be determined. The reduction of all costs and 
factors to terms of the unit of production and sale is probably the 
only satisfactory basis by which continuous and uniform com- 
parisons may be made and the causes for increases and decreases 
in profits and costs absolutely reconciled. It is then possible 
to classify ineffective results as between the lack of foresight in 
planning for facilities and inefficient and ineffective operation 
within. 

Certain it is that labor is the most important single element or 
factor in operations. However, it is for those that have made a 
study of the relative effect of labor and fixed capital on produc- 
tion to say which is the more significant. From years of observa- 
tion of the baking industry it has been found that the effective- 
ness of labor is greatly limited by the ineffectiveness of the fixed 
capital invested. To illustrate, the average employee’s produc- 
tion per hour, on a given volume, has been increased from 120 Ib. 
to 400 lb. by a proper plant layout. This indicates conclusively 
the value of the right kind of a plan, which means gearing the 
plant to the market. 

About ten years ago the baking industry awoke to its possi- 
bilities and became conscious of its inherent weaknesses. At 
that time the conclusion was reached that the plant showing the 
lowest operating cost and producing the best quality product and 
also rendering the best service was the one which was insuring 
itself against failure. It was also realized that the industry was 
no more sound than the units of which it was composed. And 
regardless of the fact that the baking business was necessarily a 
local one, by reason largely of the perishability of the product 
nevertheless the evils in one market were generally transmitted 
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to other markets. It was decided, therefore, that the industry 
must be so organized as to be sound internally, which could come 
about only through the activities of trade organizations and the 
general dissemination of information pertaining to conditions, 
operations, and costs, as well as the free exchange of ideas and 
experiences. 

To show the result of the forward-looking policies of those 
within the industry, it may be interesting to know that the 
average production rate per 1000 factory man-hours in representa- 
tive independent wholesale bread bakeries now amounts to 135,- 
000 Ib., while the value of the production per 1000 factory man- 
hours amounts to $10,348. Furthermore, the wages per 1000 
factory man-hours amounts to $554 and the cost of materials 
per 1000 man-hours $4088. 

Of course, there is a constant change taking place in this, as 
in every industry, particularly in the methods of distribution. 
But at the same time it will be apparent that the industry has 
in a general way developed along sound lines, and it is believed 
that this is the direct result of the constructive application of 
information secured from proper accounting and its intelligent 
interpretation and dissemination. 

The system which was devised at that time provided for rec- 
onciling the causes for differences in profits and costs within each 
plant and between plants. It not only gave a true picture of 
causes, interpreted in terms of the finished product, but made it 
possible to analyze all costs, including such factors as invisible 
loss, evaporation, absorption, loss or gain in sealing, and average 
employee's production per hour. 

As previously indicated, this factor of average employee's 
production per hour within this industry has probably been the 
most significant bit of information which has been derived from 
an adequate cost system and a comparison of operating results. 
It was from this information that a basis was obtained for deter- 
mining to what extent equipment and facilities in any given plant 
were obsolete. It was also from the information as disclosed 
by the average employee’s production per hour that a complete 
change in the principle of building and plant layout was evolved. 
Instead of constructing an elaborate building which could in no 
sense contribute to the production of goods, after which incon- 
gruous efforts were made to install the equipment without re- 
gard to the free flow of operations, the method now is to gear the 
plant and the investment in the plant to the market, building 
from the inside out, rather than from the outside in, and providing 
for expansion with the least possible disturbance to the original 
plan. Information has also been obtained which makes it 
definitely possible to determine the relationship which should 
exist of the amount invested in any kind of equipment to the 
total amount invested. Therefore, it may be truthfully said 
than an absolute knowledge of the effectiveness or the ineffec- 
tiveness of direct labor has revolutionized the baking industry. 

Of course, it is not always possible nor desirable to ‘‘junk”’ a 
plant just because the plans do not permit of the maximum effi- 
ciency of direct labor. But the information which has been se- 
cured enables all within the industry to take the constructive 
means for securing the most effective methods, and it has also 
made it possible to tell definitely the relative value of making 
labor more effective and efficient through more modern facilities. 

Many decry this machine age of specialization, which makes 
labor more mobile, by reason of the short space of time required 
to master such specialized work. Nevertheless, it has the dis- 
tinct advantage of eliminating that pathetic figure, the man who 
has spent a lifetime at a trade and who is therefore unequipped 
and emotionally unprepared to meet changing conditions. 


The paper is predicated on the assump- 
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tion “that on the average an hour of work in one industry or in 
one plant is the substantial equivalent in humax effort (mental, 
manual, or combined) of an hour in another industry or plant.” 
The authors quite frankly state this, since they further state that 
in the present state of the art there is not available a measurable 
unit that correctly correlates production and human effort as ap- 
plied in manufacturing. This is a fundamental weakness in the 
set-up presented by the authors, and it is regrettable that there 
is not a universal unit which correctly measures the production 
factor in industry and would permit reasonably satisfactorily 
accurate comparisons. If, therefore, these conditions are kept 
in mind, with a realization of the limitations of the time factor 
as the basis for developing compound units, considerable con- 
structive work can be done in those industries, particularly those 
that are below the average, in upgrading them to the average by 
comparing the various compound units developed. 

The authors use the Cobb and Douglas formula 


as one of the authorities for the assumption that a time measure- 
ment is a satisfactory measurement of productive labor, by reason 
of the influence of the labor factor in this formula as compared 
with the fixed capital factor. This should be accepted with re- 
servations. The writer has had no opportunity to test this 
formula out in certain industries that he has in mind, but he 
would think that the formula would fail, at least with the present 
indices, where full-automatic continuously operating productive 
equipment was the real factor and labor only incidental. In 
those cases labor is confined to more or less machine tenders or 
to the supervision of equipment, to simply shut it off when some- 
thing goes wrong, but has no real bearing on the actual production. 
In continuously operating chemical plants, as an example, and 
in some of those mechanical industries in which the equipment is 
nearly fully automatic, the flow of the material is such that labor 
cannot influence the production in anywhere near the same ratio 
that the equipment and process do. The authors have stated 
the bases of their assumptions very clearly, but it is thought that 
there should have been kept a little more clearly in mind than is 
given in the paper the limitations of the data upon which the 
assumptions are predicated. It would doubtlessly be very il- 
luminating if one could secure information showing the invest- 
ment in machinery, including jigs, tools, and fixtures, by kilo 
man-hour per individual industry and then the ratio of the high 
to the,low. This ratio again would need to be corrected for a 
maximum production as compared with the actual. In other 
words, one plant might be operating at only 60 or 70 per cent of 
maximum capacity owing to the excess of productive equipment 
while some other plants might be operating at nearly 100 per 
cent of capacity, yet the investment in equipment would be the 
same whether the plant was operating at 60 per cent of capacity 
or 100 per cent. 

A compound unit might be developed, kilo man-hours per 
kilo dollar of machinery investment, and while probably this 
should be taken on the basis of sound value, yet the basis for 
calculating depreciation and accounting for it in industry leaves 
so much to be desired at the present time that, unquestionably, 
satisfactory comparative results would not be forthcoming, so 
perhaps the safest basis would be to take the book cost. 

In Table 2 the value added by manufacture is a more valuable 
index than the value of product by reason of the fact that one 
company may start with semi-processed or processed material 
that has been fabricated to a further degree than another com- 
pany in the same industry. Consequently, the value of the 
product is not an index of what is going on in those particular 
industries, but the value added by manufacture is. 

Many other factors of industrial operation could be developed 
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that would be of interest if there were a uniform basis of com- 
parison, such as analysis of inventories, raw materials per kilo 
man-hour, goods in process per kilo man-hour, finished goods 
per kilo man-hour, total inventories, working capital per kilo 
man-hour, net worth per kilo man-hour, factory supervision per 
kilo man-hour, and so on, to develop the various units of measure- 
ment for the efficiency of the management. That is really one 
of the outstanding problems today. How can one measure and 
appraise the relative efficiencies of two different managements in 
two units of the same industry? Probably, it will never be 
possible to measure it accurately, but at least any method which 
will serve as a reasonably fair and accurate basis for doing so, in 
the writer’s judgment, is a decided help and a distinct advance 
in the art, and it is his firm belief that the basis proposed in the 
paper will be a real help when, as the authors suggest, there has 
been built up a technique of applying the method of analysis. 


NATHANIEL M. MircHe.u.'* The authors have developed a 
logical method for measuring energy in practically all types of 
industry. Their paper describes an entirely new unit and method 
for measuring productive results which, from a technical stand- 
point, fill a long-needed want. 

In the textile industry we consider labor to be the most im- 
portant production factor. Today, more than ever before, we 
realize that a control of some sort is essential to the future success 
of thisindustry. The significance of the kilo man-hour method is 
readily apparent to the textile engineer as it furnishes the basis 
for developing a means for comparably measuring the efficiency of 
management in textile mills. 

In the textile industry other controlling factors will have to be 
considered with the kilo man-hour method in order that practical 
comparisons can be made. Comparison of a coarse-print-cloth 
unit with a fine-number fancy-goods mill could not be made 
solely on a basis of kilo man-hours per pound of goods, as the 
differences in kilo man-hours would be as great as though the 
comparison were between a textile mill and the automobile 
industry. 

As indicated in the summary tables in this paper, comparisons 
were made of the 1000 man-hours relation to physical volume of 
production values of products, coefficients of variations of rates of 
physical production, with wages, costs of materials, prime costs, 
value added by manufacture, and value of product; so in the 
textile industry we believe it will be essential to arrive at the 
basis of comparison found most practical to the trade. 

While we recognize the kilo man-hour idea as a distinctly pro- 
gressive step in the measurement of the results of labor, we believe 
its success in application to the textile industry will be dependent 
on the accuracy of the engineer in selecting the proper unit values 
to which the kilo man-hour method is applied. The American 
Society of Mechanical Engineers is fortunate that it can be the 
medium through which this new idea is presented to our profession 
and to industry in general. The authors have developed an idea 
which will be of unlimited benefit to our national industrial 
prosperity. 


P. Touman.'? The clean-cut simplicity and the 
soundness of this method grow upon one. Two foremen, each 
with a gang of men, are digging a trench. When each gang has 
put in 1000 man-hours, we find that one has dug ten times as 
much as the other. Which gang is better managed? The 
authors have made the test of industrial management as simple 
as this and as conclusive. 

The kilo man-hour method has the great advantage of being 
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essentially a ‘“direct’’ measure of the thing we want to determine. 
We were taught in our school days that the difference between 
two large quantities is not a reliable method of measurement, and 
yet we have been trying to measure management by net profit, 
which is the difference between gross receipts and gross expenses. 

The analysis of 42 industries shows an average ratio of 13 to 1 
in productive results. We wonder how those concerns carrying 
the short end of the ratios have survived. We realize that there 
are modifying factors and that when segregated data become 
available the range will shrink more or less. However, the picture 
is too clear and colorful to lose either its character or its signifi- 
cance. 

The character of manufacturing equipment employed obviously 
must be a large factor in this wide range of productive results per 
kilo man-hour (k. m-h.) There must be other offsetting factors 
which are now holding net profits at a fairly uniform level in spite 
of these surprising differences in output per unit of labor. These 
factors we must find and learn to control. 

It is too much to expect that we can so control all factors that 
all plants will be raised to a uniform and supreme level of opera- 
tion. Nevertheless, it is within reason to expect that, through 
evaluation of all the factors and their coordination, the productive 
results and the prosperity of our American industries will be 
upgraded by a larger margin than we heretofore have believed 
possible. 

The authors have not only rendered a notable service to our 
profession, but have made a major contribution to the stability 
of our national prosperity. 


Hupson B. Hastineas.'8 The subject of this paper is certainly 
one of absorbing interest, and the authors are to be congratulated 
in working out a basis for comparing the productive efficiency of 
industries. However, in view of the considerations which Mr. 
Herr has pointed out, and the additional considerations which the 
writer is presenting below, it does not appear that the method of 
attack which the authors present is valid, except to a degree far 
more limited than indicated in their paper. 

As evidence of the relative importance of labor to capital in 
our productive mechanism, the authors quote a study by Pro- 
fessors Cobb and Douglas in which these men reached the con- 
clusion that three-quarters of the increase in the productive out- 
put of the country during the last 25 years has been due to labor 
and only one-quarter to capital. Mr. Bearce has raised the ques- 
tion as to whether this study took into account the change in 
the general price level. The authors did take this factor into 
account, but they neglected to make adjustments for a still more 
important factor, namely, the increase in the productive efficiency 
of an adjusted-dollar’s worth of machinery during this period. 
In other words, they assume that a dollar’s worth of machinery in 
1900 was of the sante productive efficiency as an adjusted-dollar’s 
worth of machinery in 1922. This we know to be far from the 
actual facts, and what they really determined was that the 
combined effect of labor and the increased efficiency of machinery 
accounted for three-quarters of the increase in production, and 
only one-quarter was due to additional adjusted-dollar’s worth of 
new capital. 

Turning now to the analysis of Messrs. Alford and Hannum, 
we find that the first basis of comparison of efficiency between 
different industries is on the score of weights of product per 
kilo man-hour. This is given in Table 1, and in commenting on 
these figures they call attention to the low production rate of 
engines, turbines, and pumps (3.17 tons as compared with 16.65 
tons for agricultural implements). 

The writer does not believe that such a basis of comparison 
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is reasonable. Indeed, it may be well that the productive ef- 
ficiency of the plants manufacturing engines, turbines, and pumps 
may be higher than for those plants manufacturing agricultural 
implements. 

Their second basis for comparing the efficiency in the appli- 
cation of labor is by means of calculating the value of the prod- 
uct per kilo man-hour. These results are shown in Table 2. 
Again it does not appear to the writer that this affords a sound 
basis for comparing labor efficiency, even among plants in the 
same general industry, let alone the comparison between plants 
in different industries. 

In the first place, there are two well-recognized laws of eco- 
nomics which state (1) that under free competition the value of 
the product resulting from the expenditure of a given amount of 
capital and labor tends to be the same for all industries, and (2) 
that the total value-product of all productive effort tends to re- 
main constant, provided there is no change in the volume of 
money or in its velocity of circulation. (It is well to keep in mind 
that the word value in this paper refers to selling price and not 
to value in the sense of utility. Thus, two machines might have 

he same value, i.e., selling price, and yet one machine might add 
100 times as much to the efficiency of human labor as the other.) 

It is not possible to go into a complete analysis of the applica- 
tion of these laws to the problem at hand, but it can be readily 
seen that if the expenditure of a given amount of labor and capital 
in one industry results in selling value markedly above that in 
another industry the inevitable result is a rush to take advantage 
of this situation, and prices will decline in the former until the 
returns are approximately equal. 

Stated in simple terms, as the productive efficiency of labor or 
capital increases in any line there tends to be a corresponding re- 
duction in selling prices, and therefore increased efficiency of 
either labor or capital will not (except temporarily) be reflected 
in higher selling value per kilo man-hour. 

In the second place, the man-hours as stated in industrial 
statistics include only the man-hours worked in forming or shap- 
ing those commodities, plus maintenance work on the equipment. 
There is not included an allowance for the man-hours to cover the 
item of depreciation on equipment which is produced in some 
other plant. This situation invalidates any comparison of prod- 
uct values between plants, even in the same industry, in which 
there is a considerable variation in the relative amount of the 
equipment which is built within the plants themselves. 

In the third place, the man-hours reported by any industry 
rarely cover the total labor cost of producing the finished article, 
but only labor cost of the stages of manufacture carried on within 
the industry. Thus, in the case of dies and punches, which head 
the list in the value of their product per kilo man-hour, there has 
been a considerable amount of labor expended on the product be- 
fore it reaches the die and punch plants. This is in sharp con- 
trast with other industries near the foot of the list, such as coal 
mining and quarrying. 

In the fourth place, the value (i.e., selling price) per kilo man- 
hour tends to be relatively high in those industries which have 
high selling costs, particularly where much of the expense is for 
labor not included on the industries’ own payrolls. 

On account of the foregoing considerations the writer does not 
see any possibility of making a valid comparison of the relative 
efficiency of different industries by comparing the value of their 
output per kilo man-hour. 

In further commenting on Table 2, the authors state that 
“seemingly a high selling value of product per thousand factory 
man-hours worked indicates prosperity and a low value for this 
same factor tends toward business distress,” but in the opinion of 
the writer the contrasting examples which are cited reflect 
merely a temporary situation. Thus, if there should be an in- 
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crease in the demand for the product of the yarn and thread in- 
dustry which would support a price level 10 per cent above the 
prices of the present, this industry would be one of the most 
profitable of all and yet the value per kilo man-hour would still 
remain near the bottom of the list. The converse is likely to be 
true, in the near future, of some of those industries which are now 
near the head of the list in both the value of the product per kilo 
man-hour and in profits. 

The last inter-industrial comparison which the authors make 
is for the purpose of securing data in support of the thesis that 
low manufacturing costs accompany high wages. The writer 
agrees with this thesis, but does not agree with the validity of the 
tables which are quoted in support. 

The main reason why average wages in the automobile industry 
are much above the leather shoe industry is because of the much 
larger proportion of highly skilled employees in the former. Or 
again, it may be observed that the main reason for the relatively 
high wages in the manufactured ice industry and the relatively 
high value of the product per kilo man-hour is due to a combina- 
tion of the relatively large number of highly skilled employees and 
the relatively large investment in fixed capital per employee. 

Nor does there appear to be any confirmation in the table, as 
given, of the thesis that high wages makes for high profits, al- 
though the writer also agrees with this thesis. For instance, in 
the lumber industry the average wage is stated as 70.2 cents an 
hour, and that industry shows an average profit of 5.98 per cent, 
while in the paper industry with wages of only 46.5 cents an hour, 
the profit is 6.97 per cent. 

Turning now to intra-industry relationships, the authors pre- 
sent Table 3 as evidence of the wide variations in the efficiency 
of piants in the same industry. There is no doubt that there are 
wide uifferences of efficiency, but it is inconceivable that they 
are of the order of magnitude shown in the table for most of the 
industries. For instance, no hardware plant could possibly re- 
main in business for more than a few months if its efficiency were 
only one ninety-first of that of the most efficient plant. 

Or again, turning to Table 6, the differences in efficiency of 
automobile plants cannot cover anything like as wide a range as 
is shown in the next to the last column. This spread is mainly 
due to two factors: (1) the amount of workmanship on the 
finished cars (for instance, Lincolns versus Fords), and (2) the 
fact that some automobile companies merely assemble engines, 
bodies, etc., which are made by outside concerns and others manu- 
facture most of the parts of the car within their own plants. 
Similar considerations hold for Table 7. 

Table 5 is presented as a basis for evaluating the relative ef- 
ficiencies of large and small plants, and the authors state that 
“the indications are in favor of the small plants.’’ However, the 
writer believes that this composite result is due to the fact that 
the typical small plant does not carry the product through as 
many stages of manufacture as does the typical large plant. 

In summary, the writer does not think that the authors have 
presented valid methods of comparing the efficiency of labor or 
the effect of the wage scale as between different industries. If 
we wished to find the extent to which machinery, power, and 
management has added to the efficiency of labor in producing any 
given product, it would be necessary to find the total labor in- 
volved (operation, maintenance, and depreciation, both direct and 
indirect), when utilizing such aids, and compare this with the 
total labor of producing the same article from the same materials 
by hand tools alone. This ratio could then be compared with 
similar ratios of other industries to show the relative degree to 
which the various industries had contributed to the efficiency of 
human labor. But there is no reason to expect that there would 
be any correlation between the size of the original ratios and the 
profitableness of these industries. In the same way we might 
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compare the advance of certain industries in increasing the ef- 
ficiency of human labor over a given period of years. We would 
expect to find relatively high profits only for those industries 
which had made marked advances within the last few years, 
except in the few cases where there may have been an unusual 
increase in consumer demand. 

In the field of intra-industry relationships, the relative merits of 
high or low wages can only be approximately determined by a 
comparison of unit costs of a single plant which has tried both 
systems within a few years and in which all other operating con- 
ditions have remained practically constant. Variations in prod- 
uct, equipment, and such other factors as the quality of fore- 
manship probably make it impossible to make comparisons on this 
score between different plants. 

Valid comparisons of the general efficiency of the various plants 
in an industry on the bases suggested by the authors can only be 
made between plants producing practically identical products and 
covering the same range of processes of manufacture. In such 
rare cases, the comparison of physical volume of product per kilo 
man-hour would be further restricted to those in which the rela- 
tive importances of the different lines of goods to each plant were 
practically the same. Comparisons in such instances on the basis 
of values of goods produced per kilo man-hour would yield virtu- 
ally the same results. 


Avutuors’ CLOSURE 


The major purpose of this paper has been achieved in that it 
has brought forth a generous volume of discussion. The major 
thesis has been supported and constructive comment and criti- 
cism directed toward certain details and matters of application. 
In this closure we shall venture to consider and comment upon 
the discussion of each one of the participants. 

Mr. Knoeppel supports our contention that the time factor is 
basic. ‘Human effort in time—or thinking in time, for there 
could be no effort without thinking—is therefore the truest gage 
we can use in measuring and evaluating productive processes.”’ 

Mr. Bearce’s comments are particularly satisfying for he shows 
an application of the kilo man-hour method of analysis using 
records of operation of two paper mills. He also supports the 
method, saying, ‘““The use of the ‘kilo man-hour,’ or 1000 man- 
hours, is a logical standard.’’ He questions the use of the method, 
however, for industries making different products. Without 
doubt not all of the compound factors that may be built up from 
the kilo man-hour base are applicable in this situation, but we 
believe that many of them can be used to advantage. 

Mr. Herr regrets that we had been unable to establish the 
limitations of the method. The determination of such limita- 
tions, and development of the complete technique for the applica- 
tion of the kilo man-hour method, can only come after a long 
period of experimentation and trial. There is required a mass of 
operating data far greater than any which was in our possession, 
and we can only hope that the efforts of many will be directed 
toward this necessary step in development. Mr. Herr empha- 
sizes the many uses of the man-hour basis in this statement: 
“The man-hour basis has many uses, as the paper shows, and in 
those places where other factors of production are not too vari- 
able, can be of great use.” 

Mr. Figsby approaches the matter from the financial viewpoint, 
emphasizing the fact that the method can be looked upon as a 
means to evaluate management in industry. “In the final 
analysis the basis of evaluation proposed in this paper may be 
briefly described as a means for the evaluation of management in 
industry. The more intelligence and care exercised in the 
selection of the manufacturing units that will form the groups for 
comparative purposes, and the more intensive the effort to classify 
industry properly for this purpose, the more value will be de- 
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rived from the application of the basis as a measuring stick of 
management.” 

Mr. Huntington brings another viewpoint to bear upon the 
kilo man-hour method inasmuch as his discussion is from the 
agricultural engineer. He points out that the use of compound 
units is a step forward in cost accounting. Quoting: ‘“The use 
of compound units for evaluating manufacturing operations is 
a step forward in cost accounting in industry and will be valu- 
able in all production fields when better understood and more 
generally applied. This engineering conception of evaluating 
operation will call for a whole class of ‘compound units,’ each of 
which will clarify the relations which exist between the various 
production factors.” It is significant that the data which he pre- 
sents for agricultural operations show the essentially same spread 
between the efficient and inefficient operating units as that pre- 
sented in the paper for manufacturing operations. 

Mr. Polakov, referring to his own work and writings, endorses 
our selection of time as the basis of a system of compound units. 
‘The time rate of man’s work (that is, the man-hour) is the only 
measure of production which is of the same dimensionality as the 
energy causing it.’’ He devotes a considerable part of his dis- 
cussion to what we term the societal doctrine of “‘Preciousness of 
Human Effort’”’ and which we credited ‘“‘to our engineering asso- 
ciates of the past quarter of a century.”” We can only regret that 
Mr. Polakov did not discuss also the value of a group of coordi- 
nated compound units, as presented in the paper, built up from a 
common base and applicable in evaluating the results of opera- 
tions of manufacturing establishments. 

Mr. Sloan and Mr. Hogate turn to the financial implications of 
the kilo man-hour method, saying respectively: 

“The significance of the paper from the industrial and tech- 
nical standpoint is so apparent that it needs no discussion. The 
significance from the standpoint of those who are obliged to ap- 
praise a specific business situation in the light of credit risk or 
of those who similarly are obliged to appraise a given situation as 
an investment risk is equally great.” 

‘“‘Management—most elusive of all factors in evaluating a 
financial situation—may at last be measured as a result of the 
studies of the authors. The kilo man-hour is an index that may 
come to mean as much to the financial community as net quick 
assets or inventory turnover.”’ 

Mr. Wright has written from an extensive experience in inter- 
preting the records of operations of the baking industry. It is 
therefore particularly gratifying to read of his support of the 
principle of the kilo man-hour method of analysis. He says: 
“Certain it is that labor is the most important single element or 
factor in operations.’’ And, further, he credits the improvement 
which has taken place in his industry during the past ten years to 
a study of the ‘‘average employee’s production per hour’’ as- 
sociated with other results of operation. Quoting again: “As 
previously indicated, this factor of average employee’s production 
per hour within this industry has probably been the most signifi- 
cant bit of information which has been derived from an adequate 
cost system and a comparison of operating results. It was from 
this information that a basis was obtained for determining to 
what extent equipment and facilities in any given plant were ob- 
solete. It was also from the information as disclosed by the 
average employee’s production per hour that a complete change 
in the principle of building and plant layout was evolved. There- 
fore, it may be truthfully said that an absolute knowledge of the 
effectiveness or the ineffectiveness of direct labor has revolution- 
ized the baking industry.”’ 

Mr. Coes urges the importance of determining limitations and 
building up a technique of application. With this point of view, 


we concur, as previously stated in connection with Mr. Herr’s 
comment of a similar nature. He suggests that there are other 
factors which could be developed from the kilo man-hour basis. 
“Many other factors of industrial operation could be developed 
that would be of interest if there were a uniform basis of com- 
parison, such as analysis of inventories, raw materials per kilo 
man-hour, goods in process per kilo man-hour, finished goods per 
kilo man-hour, total inventories, working capital per kilo man- 
hour, net worth per kilo man-hour, factory supervision per kilo 
man-hour, and so on, to develop the various units of measurement 
for the efficiency of the management.” 

Mr. Mitchell’s discussion is gratifying, for it comes from an 
industry which did not show up well in the analytical records 
presented in the second part of the paper. He agrees with Mr. 
Polakov, and in this respect differs with Mr. Coes, by stating 
that the kilo man-hour method measures energy. ‘‘The authors 
have developed a logical method for measuring energy in practi- 
cally ail types of industry. Their paper describes an entirely new 
unit and method for measuring productive results which, from a 
technical standpoint, fills a long needed want. In the textile 
industry we consider labor to be the most important production 
factor. Today, more than ever before, we realize a control of 
some sort is essential to the future success of this industry.’’ He 
also believes that the idea will be of unlimited benefit to our na- 
tional industrial prosperity, saying: ‘‘While we recognize the 
kilo man-hour idea as a distinctly progressive step in the measure- 
ment of the results of labor, we believe its success in application 
to the textile industry will be dependent on the accuracy of the 
engineer in selecting the proper unit values to which the kilo 
man-hour method is applied. The American Society of Mechan- 
ical Engineers is fortunate that it can be the medium through 
which this new idea is presented to our profession and industry in 
general. The authors have developed an idea which will be of 
unlimited benefit to our national industrial prosperity.” 

Mr. Tolman emphasizes two points, the simplicity of the idea 
and its contribution to industrial stability. ‘The clean-cut 
simplicity and the soundness of this method grow upon one. Two 
foremen, each with a gang of men, are digging a trench. When 
each gang has put in 1000 man-hours, we find that one has dug 
ten times as much as the other. Which gang is better managed? 
The authors have made the test of industrial management as 
simple as this and as conclusive. .. . The authors have not only 
rendered a notable service to our profession, but have made a 
major contribution to the stability of our national prosperity.” 

Professor Hastings’ discussion is in sharp contrast to all of the 
others. He attacks the validity of the comparisons presented in 
the tables of the paper, basing his comments upon the idea of 
“productive efficiency.” Whatever force his discussion might 
have is swept away by our plain statement in the paper that we 
attached little significance to the absolute values. ‘‘From the 
nature and origin of the data, and the methods of classification 
employed, the authors attach but little significance to the actual 
numerical values given in the tables. The important features 
rather seem to be the relationships and relative positions in se- 
quence of the various factors and industrial groups with which 
they are associated.”’ Professor Hastings presents no data to 
show the incorrectness of the relationships and relative positions in 
sequence of the various factors and industrial groups. He seems 
to have reasoned from opinions. Standing alone, as his com- 
ments do, taking a position diametrically opposed to those of the 
other twelve who took part in the discussion, we cannot restrain 
the belief that Professor Hastings did not appreciate our purpose 
in writing the paper nor did he sense the possibilities of our 
analytical method. 
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Management Engineering in the Smaller 
Industrial Plants 


The Problems of Production Control and Grouping and Classification of Equipment; 
Possibilities of Modern Equipment; Importance of the Operating Personnel 
By J. E. DYKSTRA,' SPRINGFIELD, OHIO 


N PRESENTING this paper the author is mindful of the 
fact that many of the smaller industrial plants are ably 
managed and frequently are directed by executives who are 

able by proper planning to overcome many of the handicaps that 
are generally associated with a comparatively small production. 

He also knows that there are many able managers of the 
smaller plants who feel that so-called efficiency engineering is 
all right for the larger plants, but that the principles of scientific 
management which effect such manufacturing economies in the 
larger plants are too expensive to be adopted in their plants. 
They feel, perhaps with some justification, that the better equip- 
ment that in general is associated with a well-managed up-to- 
date plant is beyond their reach and they frequently overlook 
the fact that, after all, modern equipment, though highly desirable 
and important, is not by any means the entire solution to their 
production problems. Much can usually be accomplished by 
the proper direction of one of the most vital elements in in- 
dustry—man power—alone. 

Man power in industry can be directed to its highest state of 
efficiency only by proper guidance and proper planning, and it 
is needless to refer to what competent engineers can and have 
accomplished along these lines. 

The author believes that production methods have received 
more attention from management engineers than have methods of 
selling and distribution and design. While selling and dis- 
tribution are entirely beyond the scope of this paper, it is felt 
that the matter of standardization in design may well be given 
some consideration by plant managers, especially in plants where 
the product is greatly diversified and the quantities are limited. 
If standardization of parts is given the attention it deserves, it 
will at once have a tendency of bringing parts through the plant 
in greater quantities. 

Certain factors that make for efficient operation are grouped 
below in the order of their usefulness in establishing a workable 
system not entailing too great a cost to the average small in- 
dustry. They are: 


1 Production control 

2 Grouping of equipment and its classification, and possibil- 
ities of modern equipment 

3 The personnel or man power that makes the successful 
operation possible. 


Propuction ConTROL 


Production control can be separated into such main items as 
proper scheduling, routing, stores control, costing, and pur- 
chasing. 

Many obstacles are frequently encountered in the smaller shops 
due to the limited quantities and the dissimilarity of parts that 
must often be produced by the same machinery, but machine- 
tool builders have demonstrated that many standard machines 
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have built into them the possibility of caring for greatly diversi- 
fied products simply by equipping the machines with suitable 
fixtures and jigs. Proper scheduling can frequently be enhanced, 
however, by noting the requirements of the sales department 
over a few months. 

A careful analysis of these requirements usually enables one 
to foresee future needs with a reasonable degree of accuracy, 
and by knowing the time required to obtain the necessary mate- 
rials, a scheduling system can readily be worked out that will meet 
all requirements. A knowledge of the production capacity of 
the various departments is of vital interest in establishing a 
proper scheduling system. 

In order to determine the production capacity of various 
departments it is, in the author’s opinion, quite essential to study 
in considerable detail the suitability as well as the grouping of 
the equipment to produce the desired part. In the majority of 
cases similar equipment can be grouped together profitably for 
the general run of the lighter machining operations. It has been 
the author’s experience that, in our present age of specialization, 
better supervision is obtainable if such machinery as lathes, 
turret lathes, screw machines, milling machines, etc., are grouped 
in their respective classes. In general on the heavier classes of 
work it is best to arrange the necessary equipment in the same 
sequence as the operations to be performed, as in this manner 
the operations can usually be completed in the smallest space 
with elimination of unnecessary moves. 


Proper RovutTInG 


In the author’s opinion a proper routing of parts through the 
factory is obtainable only by keeping in mind the fact that 
material, when once it has left the stock room, should travel in 
the general direction of the assembly or finished-stores depart- 
ment, accompanied by an identification tag showing the sequence 
of operations as well as the departments that are to perform the 
work. This can most easily be accomplished by placing at the 
production department’s office a set of master route cards that 
show the sequence of operations and the various operations 
themselves. 

These operations, as well as the departments, can best be 
designated by numbers. The various operations such as boring, 
turning, milling, grinding, etc., can be assigned numbers arbi- 
trarily. If, for instance, milling is assigned 14, then the first 
milling operation on a piece can be assigned the suffix 1, making 
the operation 141, and the second operation 142, and so on. 

In order to aid the department foreman as much as possible 
it is highly desirable to furnish the departments with proper 
descriptions of all operations to be performed on any one piece. 
These operations can readily be designated by their numbers 
and they should appear on the operation card according to their 
logical sequence. A full description of the operations to be 
performed should be on this card and the tool numbers of the 
fixtures and tools needed should also be given on this operation 
card. Adequate cabinet space for these operating data should 
be provided. These operating cards should be placed in the 
cabinet according to the symbol or part number so as to be 
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readily obtainable. It is also advisable to locate the stock to 
be operated upon in some central position from which it can be 
readily distributed to the various machines. This will usually 
benefit the appearance of the department considerably. 


Prorer 


Almost every factory manager will agree that proper costing 
is a prime necessity in all departments of his plant. The main- 
stay of proper costing, in the author’s experience, is the establish- 
ment of a time study to determine, (1) best possible tooling re- 
quirements obtainable with production requirements, (2) 
methods of determining the time required to perform the various 
operations with the equipment available, and (3) an accounting 
of all time spent on any job. 

In the author’s experience, minimum costs are obtainable only 
through a system that accounts for every minute of the day that 
is spent by the employee in the shop. Any of the many elapsed- 
time instruments on the market today can be depended upon to 
paint a true picture of the employee's activities. The psycho- 
logical effect of knowing that every minute is recorded is generally 
conducive to the best effort. A simple job ticket giving the 
symbol of the part together with a lot and shop order number can 
be made out in the office at the time the material is ordered, it 
becoming only necessary for the department foreman to fill in 
the name of the employee and the number of the machine used 
for the operation. This ticket can be stamped at both beginning 
and completion of the work by the employee himself and can 
then be used for both progress report and costing purposes. 
Whenever it comes within the range of economy it is well to have 
a clerk in the department, leaving more of the foreman’s time 
available for departmental supervision. A suitable rack to hold 
these job tickets is almost necessary and the author has found 
that it works well to assign three pockets to each operator or 
machine to contain the job tickets on jobs working, jobs waiting, 
and jobs suspended temporarily. 

It is quite necessary that all job tickets on which work has 
been performed during the pay period are sent at the close of 
the pay period to the time-keeping department so that the total 
for each man for the period can be checked against the time 
recorded on the factory entrance recorder. On such jobs as have 
not been finished it will of course be necessary to make out 
duplicate tickets at the close of the pay period. The tickets 
sent to the time-keeping department should accordingly be 
marked “suspended,” showing in this manner that the part is 
unfinished. 

In considering the tooling possibilities it is always necessary 
to consider the tools available and the time required with these 
tools. With this factor known it becomes comparatively easy 
to determine the possible savings with more elaborate fixtures. 
With a fairly well-known production, figures are readily obtained 
to determine whether or not the more elaborate equipment is 
justified. While the more elaborate fixtures are invariably 
considered from a cost-reducing standpoint, it is well also to bear 
in mind the increased accuracy that such fixtures usually bring 
about, thereby frequently reducing the assembling cost of the 
product. 

The matter of time study is one of the items of the greatest 
importance, regardless of whether or not the system to be installed 
is one of the many bonus or piecework systems. It is perhaps 
true that many well-posted executives feel that any average in- 
telligent man will make a good time-study man when properly 
directed. The author much prefers to use as a time-study man 
the best-seasoned mechanic available, and this type of man with 
the same intelligence has been found to produce more intelligent 
results, due largely to his familiarity with the various machin- 
ing operations as well as the requirements of the product. The 


actual timing operation is by far the minor part of a good time- 
study man’s duties. The ability to analyze the necessary oper- 
ations and the tooling conditions together with the knowledge of 
what a given machine tool will do when properly used are the 
most important qualifications of a time-study man in the author's 
opinion. The ability of explaining the advantage of a premium 
scheme is not nearly so important as it was some years ago. The 
average workman, thanks to our changing industrial conditions, 
is satisfied that the management’s greatest need today is 
greater production at less cost, and experience has taught him 
that when these conditions are obtained, they are of necessity 
reflected in his pay envelope. 

The author has found it advisable to make a systematic study 
of the non-productive labor necessary in the various departments. 
It is surprising how much of this non-productive labor can be 
placed on standards in the various departments, with very bene- 
ficial results. We are too prone to lose sight of the fact that 
our non-productive labor, though necessary, makes up a large 
item of our net manufacturing cost. In many cases it is advisable 
to determine such items as interest and depreciation on the basis 
of departmental units, as it aids materially to determine the 
proper selling price of the product. It is generally conceded that 
when the proper standards of both productive and non-productive 
operations are determined the performance of the department 
as a whole closely adheres to these standards. 

Charges mounting above these set standards show up at once 
on either the daily or weekly operating reports, as the case may 
be, and as such surplus charges must be assumed in the general 
overhead, a prompt investigation usually brings its remedy. 

The author has mentioned stores control and purchasing in 
connection with production control because he feels that intelli- 
gent buying is not a mere clerical operation as many factory men 
often regard it. The necessary purchasing information is a vital 
element of the production-control group, due to the fact that 
shortages of material hamper production and too much material 
ties up capital uselessly. It is also a conceded fact that small 
quantities are conducive to higher prices and it becomes impor- 
tant, therefore, that parts common to various products manu- 
factured in a plant be purchased in the most economical amounts 
possible. 

A card index system of each item, noting information as to its 
use on the various products, the quantities required, the quanti- 
ties purchased, together with the various dates of purchase, 
price paid, etc., is highly desirable information to have available. 
Usually this information can be used to advantage in the stores 
department as a distinct aid in placing requisitions for material 
and also in tracing stock. A sample bin ticket for stock-room 
use on which receipts, disbursements, quantities on hand, shop 
orders, etc., can be posted is of material aid to avoid late deliveries 
or material shortages. 


GROUPING AND CLASSIFICATION OF EQUIPMENT AND THE Poss!- 
BILITIES OF MODERN EQUIPMENT 


With any well-thought-out scheme of production control it 
is always necessary to provide for such emergencies as “break- 
downs” of equipment. Almost every machine tool in any plant 
carries a designation number and these machine numbers should 
be carried on the departmental operation sheet as well as the time- 
study sheets. This at once guides the department foreman in 
distributing his work on hand in the departments. By grouping 
the machines of similar capacity and adaptability to certain 
work it provides at once a means for him, in case of necessity, to 
shift the work on hand to other machines that fall under the 
same classification, and this gives a desired flexibility of operation. 

The possibilities of modern equipment are generally not well 
enough known to many factory executives and it is much more 
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difficult for the department head of a factory where quantities 
are small to show a sufficient saving on any one product to 
justify the expenditure for modern equipment. 

It is the author’s conviction that many pieces of equipment in 
the average smaller industrial plant would be replaced by modern 
tools if the executive but knew the production possibilities of 
the modern tool. Many tools would be discarded as readily as 
the car model of a year or two ago if modern equipment were 
considered in terms of saving of man-hours instead of saving in 
dollars and cents per unit produced as is most generally the case. 

This of course would not be the case where quantities produced 
are great enough to show up the production possibilities of the 
machine tool itself. 

It is a conceded fact that a new up-to-date machine tool will 
usually save a considerable amount of time over a machine a 
few years old and the accuracy obtainable with the more modern 
machine tool is always reflected to a considerable degree in the 
erection or assembly costs. In spite of this common knowledge 
regarding modern machine tools, many shops have entirely too 
much equipment that is useful, to be sure, but nevertheless not 
profitable when compared with the producing possibilities of the 
new machine. While the saving possible in actual labor cost on 
a given product may not loom very large, the fact remains that 
wherever a new machine is 20 or 30 per cent more efficient than 
the old one, the operator's effectiveness is increased to that 

extent. If, therefore, the average machine tool in a shop is 
20 per cent less efficient than the new tools, it follows that a 
20 per cent reduction in payroll could be effected by the use of 
the new tool. 

As productive labor in general forms a considerable basis of 
all manufacturing costs it would follow that the possibilities of 
meeting competition with a margin of profit are very much en- 
hanced. The author feels that in some cases it would be easier 
to justify the purchase of new equipment in terms of man power, 
i.e., direct wages saved, than on the basis of saving per unit. 
Manifestly the final results are the same in either case; but 
many people labor under the delusion that the cost of the product 
is only affected to the extent of the direct labor because the total 
overhead to be added to obtain the selling price is possibly the 
same or may undergo a sufficient increase to offset the saving. 

The author feels that the executives of many of the smaller 
plants fail to realize the fact that the best modern equipment pays 
well even if it is difficult to show up beforehand in dollars the 
resulting savings, not only in the machining, but also in the 
subsequent assembling operations due to the greater accuracy 
obtained. Facts bear out the assertion that in general new 
equipment materially reduces the departmental overhead through 
the absence of repair costs and shutdowns but also usually de- 
creases the general overhead by increasing sales that the better 
product often makes possible. 


Man Power 


In the discussion of man power or personnel, engineers should 
remember that the human element is not subject to the rule of 
cold figures. While the analysis of possibilities of the human 
element involved should be and is one of the mainstays of our 
planning as management engineers, we should ever bear in mind 
the fact that those directed by us can be taken over many ob- 
stacles if properly led. Industry on the whole and engineers as 
well have been slow to recognize the value of leadership. 

Systems of production and efficiency are most valuable, but 
in many cases they are too restricting to the development of the 
individual. We realize more and more that in order to get the 
best possible cooperation we must have the best possible under- 
standing, and unless our aims as managers are understood by 
those who carry out our plans, we shall not reach the best possible 
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ception. 

While there are, no doubt, many men who work neither for 
money nor fame, but for the joy of the working, as Kipling put it, 
facts amply testify that in general all human endeavor is directed 
toward the reward that it brings. A cost-reducing plan, there- 
fore, that does not bring its rewards and its encouragements to 
those who carry it out, will never attain its full possibilities. 

The engineering profession has played a great part in the 
development of a better understanding between those who, 
whatever they build, build together. Production has largely 
been carried on during the last 10 or 15 years on the basis of 
mutual understanding and we have every reason to believe that 
distribution will be revolutionized during the next few years on 
the same basis. It is my firm belief that the engineering pro- 
fession, trained as it is to analyze given conditions, will play a 
large part in putting distribution on a plane just as efficient as 
production is today. 


Discussion 


J. A. Davies.? It is fair to assume that all plant managers 
attending meetings such as this are in full sympathy with modern 
management methods; this applies to both the quantity pro- 
duction shop and the shop commonly known as a jobbing shop 
where small quantities are made. 

There can be no disagreement as to the need in both types of 
factories for well-designed machine tools and the various jigs and 
fixtures that go with them, all combining to assist the factory in 
producing apparatus accurately and at the lowest cost. 

On the other hand, I cannot help thinking that in concentrating 
on shop equipment and methods we are apt to overlook one item 
that the author touched on lightly in the beginning of his paper, 
and that is the design of the product to be manufactured by the 
factory. Speaking as a shop man, I make the charge quite 
frankly that our engineering friends in charge of design have not 
reached a point of efficiency comparable with the progress made 
in the factory under modern management methods. Do not 
misunderstand me. I admit without reservation that remarkable 
progress has been made in the mechanical engineering field and 
in electrical engineering with its many ramifications; rather is 
my criticism aimed at the drafting room where the details of 
design are drawn and issued to the shop. 

Despite all that we hear about standardization and simplifica- 
tion, there is probably as great a need as ever for the application 
of that principle, especially in what I have termed jobbing shops 
Quite often, companies have started in the past with one product; 
in the course of time progressive concerns have added two or 
three types of apparatus to their list, particularly where such 

additional apparatus is allied in some way with the original 
product. This has frequently resulted in the setting up of three 
or four sections in the engineering department, each under its 
own designing engineer, with the result that similar details, which 
could be the same, vary in some particular and thus add to the 
cost of production. Those of us who have investigated such 
matters could relate surprising evidence of the comparatively 
insignificant differences to be found,in such things as bushings, 
pins, bolts and nuts, thickness of handhole and manhole flanges, 
pitch of bolts, thickness of babbitt in bearings, thickness of bear- 
ing shells, method of anchoring babbitt in bearing shells, dimen- 
sions of oil rings for ring oil bearings, sizes of bearings for similar 
loads and speeds, number of bolts in bearing caps, number and 
size of dowels for bearing caps, and many other parts that clearly 
indicate a lack of coordination in the work of drafting rooms. 


? General Superintendent, Westinghouse Elec. and Mfg. Co., 
Philadelphia, Pa. Mem. A.S.M.E. 


accomplishment of any scheme no matter how perfect is its con- 
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In briefly presenting this matter, I do so because I feel we 
should not lose sight of the designing end of the business in our en- 
deavor to make further progress in the application of modern 
methods to factory organizations. Consequently, what I have just 
stated is with the hope that it will result in some useful discus- 
sion, particularly among our engineering and designing personnel. 


AUTHOR’s CLOSURE 


I am, personally, heartily in accord with the comments of Mr. 
Davies, and there is little question that every observing shop 
man has noticed in his own plant numerous items such as Mr. 
Davies mentioned. It is, I believe, still a fact that little attention 
is paid in the majority of designing departments to standardiza- 
tion. I have indeed known of cases where the lack of standardi- 


zation was excused by the fact that “designers had enough to do 
to get what they were after and could not bother with standardi- 
zation of similar items now in use.” 

The foregoing may be true so far as the designer is concerned, 
and surely the effectiveness of any design should not be hampered 
by trying to use parts in production if not suitable. I feel, how- 
ever, that many drafting rooms could effect worth-while savings 
by paying more attention to standardization of parts. 

Undoubtedly this might mean some changes in parts of the old 
products that have been on the market for some time, as well as 
in the new products. It is also my opinion that standardization 
of parts will not reach their most economical status of manufac- 
ture until many items are standardized similar to present stand- 
ardization of shafts and keyway sizes. 


MAN-51-4 


The Executive Function in Industry 


This paper is a plea for the more general adoption of budget 
control in manufacturing industry. It outlines the method of mak- 
ing up a budget, and the relations of the sales, production, pur- 
chasing, and financial functions, and their coordination through 
the budget. It also shows how the budget may be used to expose 
inefficiencies in the operation of an industry. 


LL executive functions in an industrial plant fall under the 
A general heads of finance, purchase, production, and sales. 

These divisions hold true whether the plant be large or 
small. Depending on the size of the plants they may be dis- 
charged by a single individual, or by a number of individuals, 
each with specialized duties. Irrespective of the size of the plant, 
all these functions must be discharged if the business is to be 
carried on efficiently and profitably. The neglect of any one of 
them leads to inefficiency. The neglect of two or more will in 
most cases lead to eventual failure of the business. 

In the discharge of these executive functions the practice in 
the small plant will necessarily differ from the practice in the 
large one. The underlying principle, however, is the same in 
both. The four principal functions must be coordinated. It is 
immaterial whether all four are concentrated in one executive, or 
whether each is under the jurisdiction of a separate individual. 
The coordination must be made if the business is to be successful. 

For the purposes of this paper we shall consider each of the 
four functions as under the jurisdiction of a separate executive. 
Each executive has under him the necessary organization to carry 
out the functions of his department. The activities of all are 
supervised, controlled, and coordinated by a chief executive or 
general manager. 

The most important tool with which the general manager can 
be supplied is the budget. It is by means of the budget that he 
coordinates the activities of the department heads. The budget 
tells him: 


1 The volume of business that he can expect to do 
The volume of purchases, both of labor and material, 
that must be made 
3 The production schedule that must be maintained 
4 The probable inflow and outgo of funds 
5 The financing that may be or may not be necessary in 
order to carry on the business. 


Tue Sates BupGetr 


Budget control should start with the sales budget. This is 
first made up from estimates by the field sales forces of the 
probable volume of business to be obtained over the budget 
period in the respective sales territories. These estimates are 
revised by branch managers, division sales managers, or other 
supervisors of the field forces, depending on the form of organiza- 
tion. The estimates should be expressed in terms of units of the 
company’s products, rather than in dollarsand cents. The execu- 
tive in charge of sales will modify these estimates according to 
his knowledge of general business conditions, and of factors which 
may influence sales one way or another. 

Some such factors are overproduction, or underproduction, in 


1 Manager, Engineering and Sales, Divine Brothers Company. 
Mem. A.S.M.E. 
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similar or collateral lines, crop reports, bank clearings, export 
demand, etc., which may or may not have a direct bearing upon 
the buying power of his consuming public. He finally will arrive 
at a volume of product which he is reasonably certain can be 
sold by the sales force, and which can be manufactured by the 
factory. If the business should be a seasonal one, the periodical 
or expected fluctuation in volume in different production periods, 
as from month to month or week to week, should be forecasted as 
closely as possible. Past performance is a good guide in this 
respect. 

The sales quota for various territories should be set up from 
the sales budget, although this is no part of the coordination of 
the various functions as outlined above. It is, however, a most 
convenient means by which the sales executive can check varia- 
tions in performance from the predictions as given by the budget. 


Tue Propuction BupGetr 


The sales budget forms the basis of the factory production 
budget or schedule. The production schedule, in turn, is the 
basis of the purchase schedule. The production schedule, like 
the sales budget, should be expressed in terms of units of the 
company’s product. The production schedule should be laid 
out with the sales budget in mind, particularly when it is dealing 
with an article manufactured for stock. The value of expressing 
the sales budget in periods of production is realized when it is 
translated into the manufacturing schedule. 

The manufscture of any given quantity of a commodity is 
controlled by two things, the machine capacity of the factory and 
the supply of labor available. Machine capacity above normal 
may be increased by two- or three-shift operation, if the necessary 
labor is available. Three-shift operation usually is uneconomical 
and impracticable, due to the inability to make repairs, changes, 
and adjustments without interrupting production. There is, 
then, a certain number of machine-hours available in each pro- 
duction period. Each unit of the product requires a definitely 
predetermined number of these hours. The quotient of these 
hours divided into the total hours available gives the total number 
of units of product that can be made in any given period. 

If the volume of product called for by the sales budget within 
a given period is greater than the capacity of the factory for that 
period, one of two things is indicated: overtime operation, or 
manufacturing ahead of the expected demand, and storing the 
product against the time when it will be required. Several 
factors enter into the decision as to which method should be 
followed. The ability to obtain raw material on short notice 
for meeting the peak of the demand may be, and frequently is, 
a governing factor. Another important factor influencing the 
decision is the necessity of financing the purchase of raw material 
and payroll necessary to manufacture ahead of the sales schedule, 
as compared with extra cost of overtime operation. The ability 
or inability to store large quantities of manufactured goods also 
deserves consideration. These are matters for the decision of 
the chief executive. 

A discussion of the ways and means of charting the require- 
ments necessary to a decision has no place in this paper, especially 
as it was so ably discussed in Colonel Babcock’s paper presented 
at the annual meeting of this Society in 1924.? 

The production schedule eventually will be broken down into 
material requirements and labor hours necessary in each produc- 


2? “Production Control,’’ by George D. Babcock, Trans. A.S.M.E., 
vol. 46 (1924), p. 667. 
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tion period. Material requirements include not only the raw 
material and purchased parts that enter into the final product, but 
also all supplies necessary to the operation of the plant, such as 
fuel, oil, waste, packing supplies, maintenance supplies, etc. 
Labor hours include both the direct and the indirect labor, in- 
cluding supervisory, clerical, and maintenance labor. 

The material and labor-hour requirements should be broken 
down by departments and by production periods, and eventually 
expressed in the final budget for the chief executive in dollars and 
cents. The actual expenditures of each department then should 
be exhibited each period alongside of the budget figures. The 
executive will then have before him an index of the actual per- 
formance of each department as compared to the expected per- 
formance. 

The point that it is desired to make in this connection, and 
which is clearly brought out by Colonel Babcock, is that budget 
control, starting with the sales budget, gives the chief executive 
a preview of the conditions that will confront his business during 
a given period. It will inform him of the time at which he must 
begin manufacturing; of the time at which he must initiate pur- 
chases; of the provision that must be made at one period or an- 
other for an increase or decrease in the labor hours in the plant; 
and of the financing that will be necessary to carry on the ac- 
tivities of the industry as indicated by the budget forecast. 


Tue PurcHase BupGet 


The production schedule gives the purchasing executive in- 
formation as to when he must make provision of adequate quan- 
tities of raw material and parts, together with the necessary 
supplies, fuel, etc., that go into the making of the finished prod- 
uct. Armed with the knowledge of what will be required in the 
line of material, and of the time at which it will be required, he then 
can plan his purchases so as to take advantage of market prices 
and effect substantial economies for his company. Without the 
knowledge given by budget control, the purchasing executive may 
be under the necessity of making large purchases for short de- 
livery at disadvantageous prices. A few such occurrences of this 
character may wipe out a large portion of the profit that normally 
would result from operations. The relation between the initia- 
tion and following up of purchases and the manufacturing sched- 
ule is also well outlined in Colonel Babcock’s paper previously 
mentioned. 


Tue FINANCIAL BupGET 


All of the foregoing leads eventually to the financial executive. 
The sales budget indicates to the financial executive the probable 
income of the company in each production period. It shows him 
about how much revenue can be expected from collections each 
month, or each week, throughout the budget period. The manu- 
facturing schedule indicates to him the money that will be neces- 
sary to meet payrolls at any given pay period. Likewise, the 
purchase budget shows him in what quantity funds must be 
provided to pay for raw materials. With these figures in front of 
him, it becomes a simple matter for the financial executive to 
ascertain at what periods he will have a surplus of funds, and at 
what periods it will be necessary for him to arrange for funds by 
borrowing or other financing. Those chief executives who have 
found it necessary to approach the banks for funds know that a 
well-considered, carefully checked budget presentation of expected 
income and expenditure renders dealing with the bank a much 
simpler matter than hit-or-miss borrowing to meet unexpected 
emergencies. 

The budget is more than a financial statement. It isa working 
tool for the chief executive. It can be subdivided as regards items 
of expenditure or items of income as finely as desired. When this 
is done, the actual performance of each branch of the industry 


can be checked against the budget and any variation noted. 
This constant checking and comparison of expected with actual 
performance enables the chief executive to put his finger on any 
weak spot in his organization and almost instantly to apply 
corrective measures, which, if not applied, might eventually 
cause severe losses or injury to the business. The budget is to 
an industry as a whole what production control is to the 
factory. 


Discussion 


W. N. Potaxov.? To meet the requirement of comparing 
actual facts when desired, it is necessary to prepare pictures 
of facts. So far as presentation of living up to the budget is 
concerned (and by budget I mean more than budget of money, 
but budget of performance as well, budget of accidents, budget 
of turnover of labor, and everything else, using that word “bud- 
get’’ in the broadest possible sense, in which I believe the author 
agrees with me) we have developed a plan whereby we are pic- 
turing those facts in logical space, using fundamentally the prin- 
ciple developed by Mr. Gantt in his charts. 

An example will be given (Fig. 1) of a factory where the orders 
booked are about $200,000 per month, number of men employed 
about 340, total stock roughly $100,000, and payroll about 
$36,000. It is relatively small concern, and since it manufac- 
tures a large variety of different products, mostly made to order 
on specifications, the stock is relatively high. 

The chart is designed to direct the executive attention to the 
summaries of principal operating records: 


(1) In relation to predetermined budget or average 
(2) In relation to each other. 


Graphic form saves time and permits grasping of main features 
at a glance. Important detailed information may be then asked 
for special study and decision. 

Informations charted on the Executive Control Chart are 
grouped as follows: 


A Business volume 

B Quality and service 

C Inventory and equipment 
D Personnel 

E Operating data 

F Sales data. 


A Volume of Business 


1 The first question is how many orders are received 
2 The second, how many of them were shipped 
3 The third, how much was collected. 


If the plant’s budget is to handle $200,000 worth of orders 
per month, the length of the light bars shows on the scale whether 
full amount was handled or was exceeded. 

The cumulative volume of business is shown by the heavy 
bars indicating total business done to date. 

It is desirable to supplement this section by a line showing 
general index of business conditions in industry. 


B Quality and Service 
In this group of information the three places are given to: 
4 Allowances to customers for unsatisfactory goods delivered 
and other adjustments 
5 Spoilage as reflected in cost of spoiled material and labor 


of doing the work over, both due to the shop or office 


errors 
6 Delayed orders. 


3 Walter N. Polakov & Co., New York, N. Y. Mem. A.S.M.E. 
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promises and average days of delays, is of especial interest in 
comparison with the percentages of idle equipment in the factory. 


C Inventory and Equipment 


As one of the aims of the management is to have all material 
and stock needed, it is likewise important not to freeze the assets 
in stock rooms. Therefore, if budget shows the reasonable value 
of stock inventory, it is taken as a base, and as monthly inven- 
tories are shrinking or swelling below and above the desirable 
level, it is shown by the length of bars, shorter or longer than the 
space allotted. In this way the chart shows: 


7 Total inventory 

8 Raw material 

9 Manufactured and partly manufactured goods 
10 Fuel and supplies. 


Personnel 


In relation to the volume of production and shipment, it is 
important to see the variations in employment, as well as changes 
in total payroll and relation of total payroll to individual average 
weekly earnings in the same class of industry, in the same or 
similar localities and trades. These informations are shown 
on the chart by the following lines: 


11 Total payroll 
12 Average weekly earnings 
13 Number of employees 


Executive Controu CHART 


This latter item, based on the number of broken delivery 


14 Entered employ during the month 
15 Left employ during the month 
16 Total hours lost due to accidents. 


E Operating Data 


These data should reflect briefly the conditions in the fac- 
tory, which data could be substantiated from other more de- 
tailed records. The most essential of these are: 


17 Work ahead of the shop (in number of days or hours, 
by the first of each month) 

18 Idle equipment (either per cent of unused equipment 
during the month in relation to hours used or cost of 
idleness in dollars and cents) 

19 Unabsorbed overhead 

20 Total hours overtime worked 

21 Bonus earned in the factory (in dollars). 


Some of these data may already have been collected and they 
are available from the accounting department, but in a form 
difficult for quick reference and ready comparison. Other items, 
such as average earnings for similar class of work and general 
business conditions, can be secured from a state department of 
labor or from the Department of Labor in Washington, while 
such an item as bonus earned, which is the most important indi- 
cation of the increased efficiency of production, is not to be had 
unless task work with bonus is installed. 

Referring to the budget chart as reproduced in Fig. 1, it will 
be seen that the volume of business was predicated on the average 


31 
~ 
= JUL. 
— 
: 
| 
a 


32 


of $200,000 per month and by October 1 the vendors have booked 
the amount of business about 2'/. months above the estimate. 
Of this quantity the shipments were also larger than this budget 
as well as collection for them, and the collection lagged behind 
delivery only by about a week. It will also be seen that the 
nature of business is such that during four months from April 
to July there is a slight seasonal slack. 

The next group indicates the 1 per cent allowed for defective 
work, equally divided between allowances to customers and re- 
pairing spoilage in the shop, was lived up to better than budget 
so far as allowances is concerned, but exceeded the estimate on 
the item of spoilage and delays, which was budgeted as 500 
man-hours per month, or approximately 2 hours per direct worker 
per month. 

The inventory situation, as disclosed by the chart, indicates 
that the store room was overstocked, both in raw material and 
manufactured parts, but was very low in fuel storage during the 
winter months. 

The record of personnel, plotted likewise against the esti- 
mates, indicates that total payroll is about 20 per cent in excess 
of the budget, while average weekly earnings of the employee 
are considerably below the average of the trade in that locality. 
This obviously points to the tendency of hiring inexperienced 
help at a low rate, which results ultimately in the high labor 
costs, which in turn led to the employment of a larger number 
of people to do the work, and greatly exceeding the budget by 
the necessity of assigning them to do overtime work. 

The proportion of the equipment which remained idle, even 
during the seasonal rush and during the periods requiring over- 
time work, is high, reaching in July 65 per cent and falling off 
in September to 30 per cent. This fact, however, does not reflect 
mismanagement of operation, but rather the nature of the busi- 
ness, which requires a considerable variety of special and single- 
purpose machinery for the work on which there is a fluctuating 
demand. 

Such charts, kept from week to week or from month to month, 
and placed before the responsible executives, offer them a quick 
orientation, enabling them to visualize the situation as a whole, 
compare the relations of various factors, and concentrate their 
efforts on removing obstacles in the way of attaining the goal 
at which they are aiming. 


HamiLtton Merritu.* As I have had experience in the re- 
organization of some four small manufacturing plants, I have 
been intensely interested in these discussions as to budget con- 
trol. There are certain angles with which I have come in con- 
tact that I should like to present. 

The question of budget control is of course easiest to apply 
where you have a standard product and the same articles are 
going through continually. Where you have a large variety 
of products in the job shop it becomes harder, and certain dangers 
are present which may lead the manager astray. 

It is difficult under those conditions to determine just what 
is bogie, just when you are efficient, and when you are doing all 
you can. In performance I have never been able to determine 
how far I can go. In every plant I ever had anything to do with 
I have been able to make a continuous improvement. I have 
never had a budget as such, although I have been using the 
principles continually. I have always used the latest figures 
and endeavored to better them. Practically speaking, it has 
been my good fortune to be able to continue to better them. 

I mention this because I have seen cases where plants had a 
budget which looked very good, but it was susceptible of great 
improvement. When you come right down to it, your man 
power is the fundamental thing in all plant operation. I do 
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not care how good a system you have, the operation of and suc- 
cess of your plant consist in the management, in the junior 
executives, in the foremen, and in the workmen on the bench. 

I have seen cases where a foreman in a department always 
had a nice, standard cost. Things always worked out just 
according to the budget. Sometimes a lot of work accumulated 
under the benches or in the drawers, which was fed out in times 
of stress. At other times other methods were resorted to, but 
the manager was satisfied because the budget was being lived 
up to. That is one of the dangers you run into. 

One of the greatest helps in that way is, as has been so ably 
pointed out, the getting subordinates on whom you can depend, 
and one of the best ways of securing that condition is to depend 
on them, to throw responsibility on them, and either let them 
come through or find out definitely that they cannot. Nine 
times out of ten they will come through if you have confidence 
in them and help them. But without that help a budget system 
of production control or anything else, if not doomed to failure, 
is certainly not going to achieve the results of which it is capable. 

Production control is unquestionably of the greatest impor- 
tance. In one plant with which I have been connected I have 
seen, by means of efficient scheduling, enormous savings in costs, 
in the time of production in the factory, and in the satisfaction 
of customers. It was only by the proper men operating the 
system that that was accomplished. The same system was 
there before, but it was by getting the proper man that broken 
promises on orders in terms of units were reduced in one case 
from 3200 down to less than 50 in a period of about eight months. 

I do not wish to in any way detract from the value of scientific 
management or proper systems, but I do want to make this 
plea to not overlook the human factor. 


Avtuor’s CLOSURE 


Mr. O. U. Hilbert® has asked what method the author uses 
to tie up the departmental budgets with the manufacturing in 
the main financial budget. 

The manufacturing budget is broken down over a given period 
into direct labor and indirect labor. These are broken down 
by items of product or of departmental activities and accumu- 
lated under those heads into the financial budget. The material 
costs are accumulated from the purchase records or from the 
purchase requisitions issued to vendors; labor costs are figured 
out from the estimated machine hours and entered in the budget 
under labor. Indirect labor is handled in the same way. 

Every item of product will require a certain number of ma- 
chine hours that have been estimated and predetermined in 
advance. Each item of product will have to be manufactured 
within a certain period of time. If there is insufficient machine- 
hour capacity to manufacture in the regular operating period, 
then we have to face the question of whether we will run over- 
time, two shifts, three shifts, or adopt whatever expedient may 
be necessary. The entire procedure is laid out in advance and 
translated from machine hours into dollars, which are then 
entered in the final summary sheet. 

Mr. Hilbert also asks if, in the case of a business where many 
different articles are made and it is rather difficult to forecast 
the dollars and cents, it is desirable to budget in dollars and 
cents or budget in ratios. 

Dollars and cents appear only in the financial budget, the 
final budget of all. The budgets leading up to the financial 
budget are all in those units that are most convenient for the 
shop, as machine hours, pounds, yards, etc. 

Everything up to the final financial budget should be ex- 
pressed in the common units of the shop. Dollars and cents, 
until the financial budget is reached, are the poorest units that 
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can be used in budget making. The units should be the units 
of shop, pounds of iron, or feet of pipe, or yards of cloth, or any 
other unit by which the shop measures its work. But dollars 
and cents vary so much, due to market conditions affecting 
raw materials and cost of labor, that it is absolutely impossible 
to compare the actual performance of a department from one 
period to the next in dollars and cents. 

As to Mr. Jones’ alleged difference of opinion with the author, 
the difference is more apparent than real. When the author 
stated that the sales budget, the purchase budget, and the pro- 
duction budget were made up on units of production, or other- 
wise, he did not mean to convey, although he apparently did, 
that the dollars and cents figures which are entered in the finan- 
cial budget, made up from these items, should not go back to the 
department heads. For instance, take the production budget. 
As a matter of fact, we tell the foremen or the departmental 
heads how many dollars they are expected to spend for labor, 
and for material, repairs, overhead, and other things in their 
respective departments over the period. At the same time, 
we can tell them from the production budget how many units 
of product of each they are expected to get out. 

The author agrees thoroughly with Mr. Jones that the only 
way successfully to operate a budget and get the cooperation 
of the men in the shop with that budget is to make them mana- 
gers of their own departments and let them see how much money 
they are making or how much money they are losing for the 
concern. The men must be made partners in the business if 
the manager is going to be successful. 


MAN-51-4 33 


One of the points brought up by a preceding speaker was a 
statement that it is easy to apply the budget to a standard- 
ized product and that it is more difficult to apply the budget 
to a job shop product. 

Those statements are quite true except for the word “easy.”’ 
It is not easy to build up a budget and make it work; it is very 
difficult. It is more difficult to do it in the shop with a variable 
product, but it can be done. 

The same speaker stated that he used the latest figures in 
his budget and hoped to improve them on. This is quite correct. 
No budget is ever perfect, and if a budget comes out 100 per 
cent correct, inquiry should be made as to what is wrong with 
Some budgets are 95, 96, and 97 per cent correct, 
The budget is 


the figures. 
but there is always room for improvement. 


merely a measuring stick by which to gage performance, and 
if one tries to make it do anything else than show where he is 
going, how he is going, and how fast he is going there, he had 
better quit. 

With respect to Mr. Polakov’s contribution, any device that 
will enable the management, the purchasing, sales, or production 
departments to visualize the budget and its working is a good 


thing. The Gantt chart is one method, and a good one. It 
is not the only method, however, and in some types of business, 
and to some types of mind, a chart is not as clear as columns 
of figures or plotted curves. The Gantt chart is a tool. Where 
it is the best tool to use a given set of conditions, it should be 
used. Where there is some other tool that is better adapted 
to those conditions, then that tool should be used instead. 
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Scientific Management and Its Effect Upon 
Manufacturing 


By ROBERT M. MEYER,? TENAFLY, N. J. 


OME specific results of scientific management in a small 

manufacturing plant that are particularly encouraging, 

are those of the Dexter Folder Company, Pearl River, 
N.Y. This company manufactures machinery for the printing 
and book-binding trades, consisting principally of feeders, folders, 
inserters, and stitchers. To meet the needs of specific installa- 
tions it is necessary, in nearly all cases, to make changes in the 
products from that furnished previously. This makes it neces- 
sary for each order to pass through the engineering department 
and imposes a severe handicap to the application of scientific 
management. However, in spite of this, it has been possible 
to increase the efficiency of the business during the period of 
1921 to 1927 as follows: 


1 A constantly improved product has been manufactured 
at a much lower unit cost. (In one instance, the factory cost 
was reduced 41 per cent.) 

2 The average wage has increased approximately 30 per cent. 

3 Production has increased approximately 50 per cent with 
practically the same number of employees. 


As a result, three aims of business have in a measure been 
satisfied. A better product is offered to the trades at a lower 
list price; wages have been increased, with a consequent better- 
ing of the standards of living for the employees; and a greater 
return on the capital invested has resulted. 


DESIGN 


The engineering department is responsible for the design of 
the product. It makes up and issues detailed drawings from 
which the parts are manufactured. Detailed drawings must 
have all dimensions and information necessary for manufacture 
indicated clearly. 

Accompanying forms and charts illustrate the work of the 
engineering department. Many standards have been set up 
and lists show the particular parts which are stocked. If a new 
machine is being designed, the draftsman turns to the standards 
book and selects those parts which most nearly fulfill the require- 
ments. 

Standardization helps the designer, for it gives the best proved 
practice. It eliminates waste in design and allows the designer 
to spend his time and attention on those features that demand 
further refinement. It reduces service costs and its benefits 
are far-reaching. 

Frequently, during the manufacture of a product and its subse- 
quent distribution to the trades, there arise suggestions for its 
improvement. Proposed changes in design are analyzed by 
the engineering department. If such a change is considered 
advisable, an estimate is made of its cost. If the change is ap- 
proved by the manager, notice is sent to each department con- 
cerned and all factors concerned in its manufacture are made 
to conform thereto. 

The engineering department must design a product such that 
it will hold a market. Of what avail is a product that cannot 
attract buyers? 


' This paper won the Charles T. Main Award for 1928. 

* Production Engineer, Dexter Folder Co., Pearl River, N. Y. 
(now Time Study Engineer, Manhattan Rubber Mfg. Co., Passaic. 
N. J.) Jun. A.S.M.E. 


RovtinG, SCHEDULING, AND INVENTORY ConTROL 

The production department regulates the flow of work through 
routing and scheduling. It controls materials by inventory 
analysis, and controls labor through time-study and rate-setting. 

It is obvious that a production program for a given period is 
essential for any plan of scheduling. This is prepared, at this 
plant, for six weeks in advance and consists of a list of machines 
to be produced each week. It is the desire of the management 
to maintain as steady a flow of work as possible, so that if sales 
for a particular week are rather low, a certain number of ma- 
chines may be manufactured for stock. From the master sched- 
ule book, shipping promises to the trades are determined. Natu- 
rally, responsibility is vested with authority, and the produc- 
tion department is required to keep these promises. 

After the shipping date for a machine has been determined 
it is necessary to prepare a list of parts for its complete manu- 
facture. This is the direct function of the engineering depart- 
ment. These ‘‘machine lists’ are sent to the production de- 
partment to be charged off on the inventory cards, and thus 
a demand is set up for those parts about six weeks in advance 
of the shipping date. 

Inventory control is an integral part of routing and scheduling. 
The parts have been divided into two main divisions, demand 
and minimum. The demand parts are ordered as needed, when 
the machine list has been charged off against that particular 
part. The number of pieces needed of a particular part then 
becomes the ordering quantity. Minimum parts are those 
which, by virtue of their constant usage, may be ordered in lots 
anticipating a continued demand for them. This is based nor- 
mally on a three months’ supply, although occasionally other 
factors enter to vary the time for ordering. This becomes the 
ordering quantity when the parts in stock fall below a certain 
minimum. The amount in stock is determined by the running 
balance that is maintained on the inventory card. This mini- 
mum is calculated to be the amount of stock that will carry 
the average estimated demand of the trades, during the period 
that is required to manufacture the new lot. There are excep- 
tions to the three months’ ordering supply. For example, pur- 
chased parts are ordered usually in such quantities as will take 
advantage of any discount for large quantities. Frequently 
this may call for ordering a half year’s supply of a given part. 
On the other hand, if it be an expensive part, perhaps only a 
month’s supply is ordered. Parts manufactured on screw ma- 
chines usually require a long, difficult set-up. They are usually 
not very expensive and are therefore ordered frequently for a 
six months’ supply. If the part is unusually bulky, and has a 
machining operation that is long and will have a tendency to 
tie up certain machines, then it is desirable to send the parts 
through the plant in small lots more frequently to meet a given 
demand. Expensive assemblies are ‘‘on minimum” and they, 
too, are ordered in small, frequently recurring lots. This calls 
for the exercise of good judgment in planning. 

When the clerk charges off the machine list against the in- 
ventory card, he determines by comparison of the balance so 
obtained with the minimum of that part whether a new print 
for another lot is necessary. If so he issues an order to the 
“List and Blue Print Department” for that print. This is de- 
livered to him within a day, and he enters on the print the stand- 
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ard ordering quantity with a finished date equal to the number 
of days required to make the lot. Such prints as these, together 
with “demand” prints, are then given to the ‘‘tagging-up’’ clerk 
who gives ita production order number and makes out a requisition 
for the number of pieces required and a stock card. He also 
makes a cost card for the records of the cost department. An 
arbitrary allowance of two weeks is given for a part to pass 
through the foundry and one week for each of the other depart- 
ments. This simplifies planning and facilitates routing. The 
order of work in each department is in strict accordance with 
the scheduled date for that department. When a part has 
gone through all the departments required for its manufacture, 
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it goes to the final inspection room. From there, it is sent to 
the stock room, where the stock card is withdrawn from the files 
by the stock clerk and a date is stamped to indicate that the 
order has been received. The parts are then placed in the bins 
provided for that purpose and the traveler is cut off from the 
print and is sent to the production department to be entered 
on the inventory card as finished. The traveler then goes to 
the cost department for computation of unit costs. 

In a similar manner, parts making up assemblies of small 
units used on many products are charged off the inventory cards 
and follow the same procedure in manufacture. Thus the ma- 
chine list gives a complete record of the parts required on the 
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machine including assemblies, whereas the assembly list gives 
the specific parts needed for its own manufacture. 

In spite of good planning, shortages will occur in machine 
lists and some parts will not arrive in stock two weeks before 
the shipping date as has been planned. If the man-power of 
a department is under standard, production lapses. Frequently, 
a single part is spoiled in process of manufacture, and its subse- 
quent delivery to the stock room is delayed by the amount of 
time necessary to make a new one. These conditions exist in 
spite of good planning. 

In order that parts may arrive in the stock room in reason- 
able time for the erectors, the services of a “chaser’’ are neces- 
sary. He has at his disposal the following information: a short- 
age list, inventory cards, and a production-order number book. 

The shortage list is compiled from the machine list after it 
has come back to the production department from the stock 
room. This is usually during the week preceding the week of 
shipment, when the parts are physically taken from the bins 
in the stock room and placed on trucks according to the opera- 
tions to be performed for complete erection. These are checked 
off against the parts appearing on the machine list. The parts 
not in stock are “short.’’ When the machine list is returned 
to the production department (having been picked out in order 
of operations), a clerk compiles the list of items short. This 
is then filed on a board in the stock room near the point where 
stock enters. The stock clerk also charges these items against 
the stock cards at his disposal and places the card in another 
box for “shortages.” Thus, when the print for a given order 
enters the stock room, the stock clerk, by referring to the ‘“‘short- 
age”’ box, can determine whether that part is needed. If so it is 
delivered and charged off the shortage list. Thus the latter 
shows at any given time the exact material that is “short” on 
a given machine. That this is useful information for a “chaser” 
is obvious. 

By reference to the inventory cards, the chaser can tell if the 
part ‘short’? was ever ordered or whether there was sufficient 
stock in the bins at the time of the charging off of the machine 
lists on the inventory cards. _ 

The production order book contains a complete record of the 
orders that have been issued. They are arranged in order of 
the production number which has been given each print. The 
date of issuance of the print is recorded as well as the scheduled 
finished date. The production clerks in each of the manufac- 
turing departments send to the production-planning depart- 
ment a list of the prints that have reached their respective de- 
partments. These are entered in the production order book 
each day and thus serve as a source of information. 

With the information contained on the “shortage” lists, on 
the stock cards appearing in the “shortage” box, on the in- 
ventory cards, and in the production order book, the chaser has 
available all data necessary for the location of “short’’ parts. 
It is his duty to locate these incomplete products and determine 
why they are late. If they are urgently needed, he pastes a 
“rush” tag thereon and the parts are given precedence over all 
other prints in the manufacturing departments. As these ‘“‘short- 
age” lists are made on a two weeks’ headway from the date of 
shipment, it often requires the exercise of a good deal of ingenuity 
to get these parts through on time. When the machine is shipped 
the responsibility of the production department ends. The 
“analysis of exceptions” has proved its worth in this depart- 
ment, in lessening the burden which the engineering complexity 
of the business imposes. 


PURCHASING 


Purchased materials are of two general classes, productive 
and non-productive. The former class is ordered directly from 
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the machine lists through the inventory cards in a manner similar 
to that of the parts manufactured in the plant. A finished date 
is given for each part purchased. Small standard machine 
parts, tools, office supplies and other material, not entering di- 
rectly into the finished product, are in a separate file and are 
ordered independently by the purchasing department. Be- 
cause of the fact that many of the parts on the finished product 
are purchased, this function is controlled by the production 
manager with a purchasing agent under him. 

The purchasing agent must purchase material at the best 
possible prices. He asks the opinion of visiting salesmen about 
products which are allied to their products but are not competi- 
tive. He thus gets an unbiased opinion of their relative merits. 

The policy in regard to the purchase of new equipment is 
summed up in this simple question, is it worth it? Estimates 
are prepared by the production manager to show conditions 
that demand change. He recommends machines that will do 
the work more satisfactorily at less cost, and he estimates the 
savings to be effected thereby. This is balanced against the 
interest on investment, depreciation of the new equipment, and 
scrap value of the old to show if the purchase is warranted. 


Time Srupy anp Rate SErrinG 


The company’s engineers are installing the Dyer unit system. 
The basic principle is that all classes of labor can be reduced 
to a common denominator. The common denominator is the 
“unit.” The unit is defined as the amount of good work that 
ean be produced by an average man in one minute. Each day 
is considered as a separate contract. The man is guaranteed 
his day’s wages, and in return is expected to deliver 540 units 
of work in a nine-hour day. For any performance above that, 
he is paid premium according to the number of units produced. 
The value to the man of each unit of premium depends on the 
average rate in the gang and the percentage which the manage- 
ment decides to set aside as a fund for paying premium to the 
foreman and contributory labor. This is usually about 20 per 
cent, leaving 80 per cent for the man. 

Premium is paid to the foreman weekly on the basis of the 
weekly showing of the gang. In order to earn premium, the de- 
partment must average 60 units or better for the whole week; 
the amount of premium paid depends on how close the record 
comes to the standard base rate, standard waste rate, and stand- 
ard non-productive rate which are set up in the form of dollars 
per thousand units produced. Failure on the part of any man 
to make 60 units per hour on any day during the week penalizes 
the foreman, whose premium earnings increase as he brings 
every worker to a consistent performance of 60 units per hour 
or better. 

When the Dyer system is installed in a department, a prelimi- 
nary analysis of conditions is made before any study of the 
operator occurs. The worth of such a procedure cannot be 
emphasized too much, as it constitutes a great deal of the sav- 
ings which are effected later by increased production. It is 
here that the intelligent and unbiased analysis of facts has a 
ready application. Such matters as arrangement of machinery, 
character of the machines (adequate, obsolete, etc.), possible 
feeds and speeds for the nature of the work in that department 
and the like are prepared in the form of a report by the time- 
study man. The production manager, the foreman, and the 
time-study man discuss proposed changes, as well as the possible 
operating characteristics of the machinery. After a definite 
program has been made and conditions changed as nearly as 
possible to conform with the ideal recommended, a set of “‘stand- 
ards” are made up for the department. 

Every job is broken down into its elements. Of many thou- 
sands of parts which are to be manufactured, there are only a 
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few major factors which need be determined in order to know 
what constitutes the time for any job. Moreover, if a worker's 
pace is known in units per hour, a study of him at work will 
enable a time-study man to determine the standard or rate at 
60 units per hour for a given element. No attempt is made to 
get elements smaller than 0.01 minute. The same job has been 
studied on two different men with two rate-setters, one of whom 
rated his man at 30 units per hour and the other at 70 units per 
hour and both arrived at practically the same unit time as the 
final rate. This preliminary determination of ‘‘standards’’ 
may take a month or more. When the elements are determined, 
it is possible, and is the usual practice, to set rates directly from 
the blue-prints, using the standards as a base. In case of dis- 
pute, the stop-watch is used to make a check study. 

The manufacturing floor check sheet is used to determine 
the daily units made per man. The factory day starts at 7:00 
a.m. During the period 7:00-7:05 each man in the department 
is allowed time to oil his machine. At 7:05 “John Smith” was 
entered on a one-piece job of part number 6BHIO49 and produc- 
tion number 84,373. The standard for his operation on this 
piece is 2.61 and the set-up allowed is 17.00 units. Therefore 
the total amount of work allowed for the completion of the 
operation is 19.61. The operator finished at 7.17, thereby finish- 
ing ahead of the alloted time or spending 12 minutes “‘on stand- 
ard.’’ An accompanying illustration shows the time card for 
that particular job 6BHIO49 No. 84373. This is sent to the 
cost department for final computation of the total cost per piece. 
In this manner the operator “clocks in and out”’ from job to job 
during the day, either bettering the allowed time or falling be- 
hind. The operator for the sheet shown was a skilled machinist 
and during the course of the day did not fall behind the time 
allowed. During the period between 2:45 and 3:00 he was on a 
special job (Production order No. 92096) for which there had 
been no rate set. He therefore clocked in on Producer’s Day 
Work (P.D.W.) and this particular job did not affect his status 
with the Dyer units. It will be noted also that between 4:20 
and 4:32 a total of 12 minutes was consumed in looking for a 
jig required to complete the part NFI322. This could not be 
found and the time was charged against ‘delay tool crib.’’ These 
exceptional items are studied by the time-study engineer who 
gets these sheets before they go to the cost department. He 
takes steps to correct those items of delay which seem to be re- 
current. 

The computation of “John Smith's’ pay for the day will 
now be investigated. It will be seen from the Floor-Check 
Sheet that he produced a total of 834.04 units during a period 
of 508 min. Therefore he produced 326.04 units more than he 
would have produced had he worked at the rate of 60 units 
per hour for the nine hours. He was actually working at the rate 
of (834.04/508) X 9 = 98.5 units per hour. The average rate 
for this department is 54 cents per hour. Eighty per cent of 
this goes to the man on earned units, or he is paid at the rate of 
45 cents per 60 units earned or */, cents per unit. This particu- 
lar operator is a good machinist and therefore his base rate is 
60 cents per hour, or higher than the average of the department. 
His pay for the day is: 


60¢ X 9 $5.40 
0.75¢ X 326 2.45 


Total $7.85 


The results of each day’s earnings are posted daily on the 
Payroll and Weekly Posting Sheet. At the end of the week 
the day wage rate can be filled in and the sheets bound and used 
as the payroll book. Contributory Labor (C.L.) is represented 
by the clock hours of the foreman and the checker. Producers’ 
Non-Productive is work that does not enter directly into pro- 
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duction such as oiling, repairing belts, and the like (designated 
by P.N.P.). Daily Work (D.W.) is work done on clock time 
and does not affect the status of the worker with the Dyer sys- 
tem. Waiting Minutes is time spent by the operator waiting 
for a jig or fixture, for the foreman, and similar delay. The 
results for each day are totaled under these headings at the foot 
of the sheet. The Operators’ Units per Hour (Oper. U/H) 
is the direct division of the Units produced during the day by 
the minutes of the department on direct incentive. The result 
is Units per Hour as the average for the operators. The De- 
partmental Units per Hour (Dept. U/H) is charged with all 
Waiting Time. It is equal to Units per Hour divided by the 
sum of Minutes Worked and Wait Minutes. The result is Units 
per Hour for the department. It is readily seen that the latter 
rate may equal Operators’ Units per Hour but may never exceed 
it. The premium for the day for each man is expressed in dollars. 
The payroll for the week is addition of premium for each day plus 
the hours worked in that week multiplied by the base rate of the 
employee. The section of the sheet marked Payroll is not 
made public, but is filled by the cost department. 

The Dyer cost-control sheet analyzes the factors of the week's 
work. The figures appearing in red are those which are the 
standard or ideal for the department. The department nor- 
mally should produce 30,000 units per week. When work was 
rather slack, the department was not sufficiently manned and 
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therefore only 21,331 units were produced. The ‘Per Cent Ca- 
pacity”’ of the department is then 21,331 divided by 30,000. 

The effectiveness of the department is the true measure of the 
success of the department in approaching the ideal; namely, 
every man averaging over 60 units per hour. The advantages 
of an incentive system such as has been described are many. 
Some of the outstanding ones are: 


1 Work is performed at proper feeds and speeds in minimum 
time 

2 Preparation of payroll is simple compared with some 
other incentive systems 

3 Performance of department in a given week can be 
compared with any week preceding 

4 Performance of departments can be compared with one 
another on the basis of cost per thousand units 

5 All earnings are paid to the direct and indirect pro- 
ducers, the management retaining only the profit real- 
ized from increased production 

6 Production of a plant is increased using the same ma- 
chine tools and the same number of men. This is 
vital where production must be increased and physical 
enlargement or more invested capital is not warranted 
or available 
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7 Plant budgets can be worked out on the basis of the 
number of thousand of units to be produced. 


or Work 


Manufacturing departments include all departments directly 
concerned with the physical handling of the materials of pro- 
duction. The receiving and shipping of materials is done on a 
railroad siding and these two departments are located one at 
each end of the factory. The departments for the manufacture 
of the finished product are located in the order of sequence of 
operations performed physically from foundry to erection floor. 

Material is handled in various ways throughout the plant. 
In the foundry the men pour from hand ladles usually, although 
a large ladle attached to a crane is used when a large casting is 
to be poured. Heavy copes and drags are handled by a power 
crane, which may be switched from its traveling girder to a 
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system of overhead rails. By using these, it is possible to take 
a heavy casting directly from its box on the foundry floor and 
deliver it to the sand-blast room which is located in a small 
building outside of the foundry proper. It is also possible to 
keep the floor clear of unnecessary material because of the ease 
of handling. Practically all the material is handled through 
the shop in sheet steel boxes measuring about 24 in. X 12 in. x 
8 in. Heavy castings are transported on platforms measuring 
4 ft. X 4 ft., which are dropped in place by hand trucks pro- 
vided with a short vertical lift. Thus unnecessary handling 
of material is eliminated. A crane is provided in the feeder 
erecting floor which runs the entire length of the main bay. 
The flow of work is indicated in a rough manner by the amount 
of shortages in the stock room. It is more definitely located by 
departments in the following manner. A list of the number of 
prints behind schedule in each department each day is sent to a 
clerk in the production department. This is prepared with the 
lists of the other departments engaged in direct manufacture 
and presented to the plant manager. He can tell in a short time 
how much a department is behind in its work, and from the data 
which he has before him from over a month previous on this 
sheet, whether or not a department is out of balance. He will 
correct this situation by consulting with the foreman of that 
department and either give him more operators from some other 
department or else allow overtime. Thus the snag in the manu- 
facturing program is located and the flow of work resumed. 
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Departments have machines grouped according to types, 
under the supervision of a foreman versed in the operation of 
that kind of machine. There is not sufficient production of 
any given product to justify arranging machines in the order 
in which operations are to be performed, as in the so-called 
“straight-line” flow. The foreman does not control the nature 
or sequence of the work which comes to his department, but is 
fully responsible for the quality of work done there. In addi- 
tion, he is at all times responsible for the proper functioning of 
his department, for the quantity of work turned out, for the 
instruction of operators, and the assignment of work to individual 
operators according to their ability. 


MAINTENANCE OF EQUIPMENT 


‘The maintenance of equipment in an industrial plant is im- 
portant. Each man is responsible for the care of his machine. 
It is the desire of the management to have each operator retain 
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the same machine and thus fix responsibility. There is one 
man continually oiling the power shafting. He also fixes worn 
and broken belts and applies dressing thereto. Should a machine 
break down, the operator is placed on another and a skilled me- 
chanic from the repair department fixes it. Once a year, a check- 
up on such matters as clutches, bearings, belting, and the like 
is made. This is during the period of inventory so that pro- 
duction is interrupted as little as possible in securing the proper 
maintenance of equipment. 

Care of tools is necessary to achieve long service with the best 
results in cutting. There is a central tool-crib on the manu- 
facturing floor where practically every special tool, jig, and 
fixture is stored. Each man in the shop is issued ten checks 
for tools. When he desires a tool he exchanges one of these 
checks (bearing his clock number) for it. When the tool is re- 
turned, it is sent to the tool room where it is inspected and sharp- 
ened if necessary. Judgment regarding the condition of the 
tool is reserved for the specialist in the toolroom. Alterations 
in jigs and fixtures are made in the toolroom. All tools are 
required to be returned clean and unbroken. 


INSPECTION 


The inspection department is responsible for rejecting work 
which is not up to the dimensions and manufacturing tolerances 
required on the blueprint. Each operator’s number appears 
opposite the operation he performed on the part, so that responsi- 
bility is fixed. Moreover, the inspector who checks the work 
after each operation is required to place his initials on the print 
opposite that operation. The company appreciates the value 
of uniform production and its ultimate effect on reputation. 

Quality is paramount. The inspection department is the 


check on the abuse of the incentive system. All work care- 
lessly spoiled is charged to the operator and premium deducted. 
The main reasons for sub-standard parts are: (1) The limits 
may be closer than the use of the particular part requires. (2) 
The operator may be careless or may not understand the work 
at hand. (3) The machine jig or tool may be at fault. 
However, the decision for sub-standard work and its ultimate 
disposition is reserved for the engineering department. Pre- 
mium will not be paid for sub-standard work even if the engineer- 
ing department decides to let it pass through. It is assumed 
that if the parts are used the finished product will not be as 
good as the standard requires, and the man will therefore be 
penalized because the company’s reputation for good work will 
ultimately suffer. Before any decision is made, the engineer- 
ing department consults with the foreman to make sure that it 
will not be more costly to use the parts than to scrap them. 


Errect or Screntiric MANAGEMENT Upon MANUFACTURING 


Dexter S. Kimball’ credits the tremendous strides of modern 
industry to the application of the following principles: 


1 Leadership and method 

2 Transfer-of-skill tools 

3 Transfer of mental skill or intelligence 
4 Division of labor 

5 Mass production 

6 Coordination of effort 

7 Use of recorded experience 

8 Scientific methods (fact analysis). 


The first of these will be mentioned later. Transfer-of-skill 
tools are used as far as is economically sound at this plant. 
The present extensive “‘jigging’’ of a new type feeder is concrete 
evidence of the recognition of this principle. Transfer of mental 
skill or intelligence is accomplished by printed forms, by planning, 
by supervision of foremen, and in practically every conference 
in the plant, however minor. Division of labor is recognized by 
departmentalization and specialization. Mass production and 
its direct benefits are partly in evidence, but the company is 
still laboring under the stigma of the engineering complexity 
of the business. The best advance toward this goal has been 
made by the application of the ‘‘analysis of exceptions.” L. 
P. Alford recognizes this in his paper on “Laws of Manufactur- 
ing Management” as follows: “Managerial efficiency is increased 
greatly by concentrating managerial attention solely upon those 
executive matters which are variations from routine, plan, or 
standard.” The use of recorded experience is exemplified in 
every reference to record. It is the basis of costs, planning, 
and manufacture. It eliminates duplication of effort. The 
scientific method (which is fact analysis) is perhaps the greatest 
single contribution of engineering to manufacturing production. 

Scientific management substitutes facts for prejudice. 
Through its use of recorded experience, it enables the manage- 
ment to predict market conditions and to set its business policies 
to conform thereto. It stabilizes employment, increases wages, 
and enables the public to secure a better product at a lower 
price. It increases the earnings of the business through the 
greater volume of production and the more intensive use of the 
invested capital. It is the motivating force between labor and 
capital. It gives that control of production which has been 
lacking in manufacture until its advent. 

Scientific management is after all simply a tool to be applied 
wisely or unwisely in the direction of a manufacturing industry. 
There will never be a substitute for leadership. The success 
or failure of the enterprise still depends in a large measure on 
the policy and direction of the man in the manager’s chair. 


3 In vol. 4, Modern Business Texts, Alexander Hamilton Institute. 
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Standard Costs as Applied to Craftsmen’s 
Industries 


By WILLIAM M. PASSANO,! BALTIMORE, MD. 


NDUSTRY in all its branches is gradually but steadily re- 
I placing the old system of hour costs with standard unit 
costs.2. No longer do we receive a bill from the automobile 
service station with “5 hours labor grinding valves at $1.50 per 
hour, $7.50.” Instead we are told what the cost of grinding 
valves is before the mechanic has lifted the hood. The factory 
has supplied its dealers with the standard cost of all repair work 
on the car they sell. No longer need we hope that a fast man will 
be put on our car so that our bill will be low. The price is fixed 
regardless of the proficiency of the mechanic. 

In this advance toward standard costs, who is bringing up the 
end of the procession? It is those plants that manufacture to 
the customer’s specifications and at the same time employ men 
that are best described as craftsmen. In these industries stand- 
ard unit costs are practically unknown, for two excellent reasons. 
One is that every job is unlike its predecessor. This is quite 
different from manufacturing Fords, where one car is just like 
all the rest. The other is that each craftsman has his own ideas 
as to how a given operation is best performed. All come out 
with the same result and all follow the same general outline, but 
usually there are as many different techniques as there are crafts- 
men. Nevertheless standard costs are attainable in a crafts- 
men’s industry. The following is a brief outline of procedure. 

The first step is the mental admission that there is one and 
only one best way to perform any operation no matter how com- 
plicated. Many will debate this statement. Until conviction 
of its truth exists, standardization is impossible. 

The second step is to determine what this one best way is and 
to standardize conditions so that it is at all times capable of 
attainment. To accomplish this end a planning department is 
essential. The task of the planning department (consisting of 
desk workers) is to make out written instructions to cover com- 
pletely the specifications of a job; to requisition the necessary 
tools and raw materials; and to schedule the work in such a way 
that the raw materials and instructions reach the operator in the 
sequence in which the work is to be performed. If this is not 
done the establishing of standard times for performing operations 
is out of the question, for it is not possible to set a standard time 
for scouting around to find out what job is to be done next, for 
locating raw materials and tools, and for asking questions. 

The third step is to establish the standard time for performing 
each operation. Every operation is built up of certain definite 
fundamental movements, mental and physical, which do not vary 
with skilled operators. Perhaps this statement should be en- 
larged upon. There are some eighteen fundamental movements 
which go to make up all operations. It has been determined by 
the use of a motion-picture camera connected with a time re- 
corder that the time for these movements does not vary with 
skilled operators. Of course it is not possible to time these 
movements with a stop watch, but it is possible to determine 
the correct type and sequence of the movements which go to 
make up an operation or cycle and to time-study the cycle. 

1 Factory Manager, Waverly Press, Inc. Jun. A.S.M.E. 

2 For the purpose of this paper a standard type of factory cost- 
accounting system will be assumed. By this is meant a set of books 
so arranged as to take the total expenses of the business and dis- 
tribute them on the basis of investment value, square feet of space 
occupied, power consumption, etc., over the productive departments 
in order to obtain the cost per productive hour. 


Many books have been written on the technique and theory of 
time study, and an elaborate discussion of this subject is beyond 
the scope of this paper. It will be interesting, however, to point 
out wherein lies the difference between time-studying an ordinary 
manufacturing operation and a so-called craftsman’s operation. 
When we think of a craftsman’s operation there comes to mind 
a picture of a brass beater holding his work at arm’s length, view- 
ing it critically, giving it a few taps with his hammer, and prob- 
ably ending by gently carressing it. In contrast we have, as a 
picture of a typical manufacturing operation, a group of girls 
nimbly packing candy in a box meanwhile thinking and talking 
about the trip down the bay planned for the next week end. Of 
course there is a wide divergence in the skill required to perform 
the two types of operations, but the fundamental difference is 
that one requires judgment while the other is automatic. The 
difficulty of determining a standard time for judgment has been 
one of the chief stumbling blocks in the way of standardization 
in craftsmen’s industries. 

An example probably will serve best to demonstrate how this 
problem may be solved. Since the writer is in the printing busi- 
ness, a strictly craftsmen’s industry, let us consider the make- 
ready of a halftone form on press. Owing to imperfections in 
the height and surface of halftone plates and to mechanical in- 
accuracies in printing presses it is necessary to make-ready the 
plate. This process consists of running a test sheet through the 
press and then pasting tissue paper patches of various thicknesses 
on this sheet so as to build up the low spots and to emphasize the 
important details. The sheet is then hung on the impression 
cylinder of the press. The old-established method of making 
ready is for the pressman to look at his sheet, mark up the low 
spots, paste on the amount of make-ready that his judgment tells 
him is necessary, hang this on the cylinder, try it out by imprint- 
ing another copy, and repeat this process, adding here, taking off 
there, until the result satisfies him. The difficulty of establishing 
a standard time for an operation of this type is apparent. It 
was found, however, that by measuring the thickness of the plate 
all over with a micrometer or with a machine made for the purpose 
the low spots in the plate could be brought to “type high” without 
guesswork. It was also found in our plant that two make-ready 
sheets were essential and that on the average five pieces of tissue 
were pasted on the first sheet and three on the second. These 
findings established a definite method of procedure and gave 
finite operations that were easily time-studied. 

As in all time-study work it is desirable to establish times for 
fundamental operations or cycles and from these to build up 
classified standards that will accurately measure any piece of 
work that comes through the plant. It has just been shown how 
it is possible to establish times for the make-ready of halftone 
plates. The chief variables encountered in establishing working 
standards for this operation are the size of the halftone, the 
number printed in one page, and the number of pages in the form. 
Since the time for one plate of a given size is known, the time for 
any possible combination can be set by the simple law of pro- 
portion. 

After standard performance times have been set and standard 
working conditions established so that these times can be met, 
the next move is to determine the unit cost. To do this, pro- 
duction records are kept in order to determine the percentage 
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Standard Costs as Applied to Craftsmen’s 
Industries 


By WILLIAM M. PASSANO,! BALTIMORE, MD. 


NDUSTRY in all its branches is gradually but steadily re- 
I placing the old system of hour costs with standard unit 
costs.2_ No longer do we receive a bill from the automobile 
service station with “5 hours labor grinding valves at $1.50 per 
hour, $7.50." Instead we are told what the cost of grinding 
valves is before the mechanic has lifted the hood. The factory 
has supplied its dealers with the standard cost of all repair work 
on the car they sell. No longer need we hope that a fast man will 
be put on our car so that our bill will be low. The price is fixed 
regardless of the proficiency of the mechanic. 

In this advance toward standard costs, who is bringing up the 
end of the procession? It is those plants that manufacture to 
the customer’s specifications and at the same time employ men 
that are best described as craftsmen. In these industries stand- 
ard unit costs are practically unknown, for two excellent reasons. 
One is that every job is unlike its predecessor. This is quite 
different from manufacturing Fords, where one car is just like 
all the rest. The other is that each craftsman has his own ideas 
as to how a given operation is best performed. All come out 
with the same result and all follow the same general outline, but 
usually there are as many different techniques as there are crafts- 
men. Nevertheless standard costs are attainable in a crafts- 
men’s industry. The following is a brief outline of procedure. 

The first step is the mental admission that there is one and 
only one best way to perform any operation no matter how com- 
plicated. Many will debate this statement. Until conviction 
of its truth exists, standardization is impossible. 

The second step is to determine what this one best way is and 
to standardize conditions so that it is at all times capable of 
attainment. To accomplish this end a planning department is 
essential. The task of the planning department (consisting of 
desk workers) is to make out written instructions to cover com- 
pletely the specifications of a job; to requisition the necessary 
tools and raw materials; and to schedule the work in such a way 
that the raw materials and instructions reach the operator in the 
sequence in which the work is to be performed. If this is not 
done the establishing of standard times for performing operations 
is out of the question, for it is not possible to set a standard time 
for scouting around to find out what job is to be done next, for 
locating raw materials and tools, and for asking questions. 

The third step is to establish the standard time for performing 
each operation. Every operation is built up of certain definite 
fundamental movements, mental and physical, which do not vary 
with skilled operators. Perhaps this statement should be en- 
larged upon. There are some eighteen fundamental movements 
which go to make up all operations. It has been determined by 
the use of a motion-picture camera connected with a time re- 
corder that the time for these movements does not vary with 
skilled operators. Of course it is not possible to time these 
movements with a stop watch, but it is possible to determine 
the correct type and sequence of the movements which go to 
make up an operation or cycle and to time-study the cycle. 

1 Factory Manager, Waverly Press, Inc. Jun. A.S.M.E. 

2? For the purpose of this paper a standard type of factory cost- 
accounting system will be assumed. By this is meant a set of books 
so arranged as to take the total expenses of the business and dis- 
tribute them on the basis of investment value, square feet of space 


occupied, power consumption, etc., over the productive departments 
in order to obtain the cost per productive hour. 
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Many books have been written on the technique and theory of 
time study, and an elaborate discussion of this subject is beyond 
the scope of this paper. It will be interesting, however, to point 
out wherein lies the difference between time-studying an ordinary 
manufacturing operation and a so-called craftsman’s operation. 
When we think of a craftsman’s operation there comes to mind 
a picture of a brass beater holding his work at arm’s length, view- 
ing it critically, giving it a few taps with his hammer, and prob- 
ably ending by gently carressing it. In contrast we have, as a 
picture of a typical manufacturing operation, a group of girls 
nimbly packing candy in a box meanwhile thinking and talking 
about the trip down the bay planned for the next week end. Of 
course there is a wide divergence in the skill required to perform 
the two types of operations, but the fundamental difference is 
that one requires judgment while the other is automatic. The 
difficulty of determining a standard time for judgment has been 
one of the chief stumbling blocks in the way of standardization 
in craftsmen’s industries. 

An example probably will serve best to demonstrate how this 
problem may be solved. Since the writer is in the printing busi- 
ness, a strictly craftsmen’s industry, let us consider the make- 
ready of a halftone form on press. Owing to imperfections in 
the height and surface of halftone plates and to mechanical in- 
accuracies in printing presses it is necessary to make-ready the 
plate. This process consists of running a test sheet through the 
press and then pasting tissue paper patches of various thicknesses 
on this sheet so as to build up the low spots and to emphasize the 
important details. The sheet is then hung on the impression 
cylinder of the press. The old-established method of making 
ready is for the pressman to look at his sheet, mark up the low 
spots, paste on the amount of make-ready that his judgment tells 
him is necessary, hang this on the cylinder, try it out by imprint- 
ing another copy, and repeat this process, adding here, taking off 
there, until the result satisfies him. The difficulty of establishing 
a standard time for an operation of this type is apparent. It 
was found, however, that by measuring the thickness of the plate 
all over with a micrometer or with a machine made for the purpose 
the low spots in the plate could be brought to ‘“‘type high” without 
guesswork. It was also found in our plant that two make-ready 
sheets were essential and that on the average five pieces of tissue 
were pasted on the first sheet and three on the second. These 
findings established a definite method of procedure and gave 
finite operations that were easily time-studied. 

As in all time-study work it is desirable to establish times for 
fundamental operations or cycles and from these to build up 
classified standards that will accurately measure any piece of 
work that comes through the plant. It has just been shown how 
it is possible to establish times for the make-ready of halftone 
plates. The chief variables encountered in establishing working 
standards for this operation are the size of the halftone, the 
number printed in one page, and the number of pages in the form. 
Since the time for one plate of a given size is known, the time for 
any possible combination can be set by the simple law of pro- 
portion. 

After standard performance times have been set and standard 
working conditions established so that these times can be met, 
the next move is to determine the unit cost. To do this, pro- 
duction records are kept in order to determine the percentage 
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relation of the standard time to the actual time taken to perform 
the various operations in any one department. This percentage 
is called the productive efficiency of the department. 

These production records, which are compiled from the work- 
er’s time tickets, consists simply of the actual time taken and the 
standard time allowed. The latter divided by the former gives 
the productive efficiency. The average of the individuals’ 
efficiencies in a department gives the efficiency of the department, 
and it is this figure that is used in determining unit costs. In the 
author’s plant the practice of posting in each department the 
classified tables of standard times and cumulative efficiency of 
each individual, calculated daily, resulted in an increase in pro- 
duction of as high as 10 per cent. In other words, the incentive 
to have a high mark and to beat the other fellow is as great in 
industry as it is in school. 

The cost per productive hour for each department is given by 
the cost-accounting system. The standard unit cost of an 
operation is then the standard time in hours to perform the 
operation, divided by the efficiency of the department, multiplied 
by the hour cost of the department in which the operation is 
performed. As an example, if the standard time is 0.01 hour 
and the efficiency of the department is 90 per cent, with the 
hour cost of the department $2.70, the standard unit cost would 
be reached by dividing the first item by the second and multiply- 
ing by the third, in this case $0.003. The standard cost per 1000 
units would be $3. 

Note especially that, as in the case of the automobile repair, 
the time consumed by the individual in performing the operation 
does not directly determine its cost, but that the cost is estab- 
lished by the efficiency of the department (that is the closeness 
by which the standard times are approached on the average). 
It seems eminently unfair that a customer should be charged 
more simply because a slow worker was put on his job, and con- 
versely it seems unjust to give the customer the full benefit of an 
exceptional worker’s speed. Not only that, but in the case of 
repeat orders it is difficult to explain to a customer why the charge 
should vary when the specifications remain unchanged. If the 
work is billed on an estimate basis, the same difficulty arises. 
It is impossible to get a meaning comparison between the cost 
figures and the estimated price. This is true because the interest 
lies in making a profit on the work as a whole, the fluctuations 
of the individual orders being immaterial. Experience has 
shown that the average of a year’s records is desirable for both 
the hour cost and efficiency figures in order to smooth out any 
temporary fluctuations which might appear. 

It is interesting to see how such a system ties in with a manu- 
facturing business and how it aids in solving many of the old 
worrisome problems. First, in estimating the cost of a new piece 
of work, this usually must be done before the contract is let, and 
in the past was invariably assigned to a man of much experience 
and training; in the case of a small business, the boss. The 
estimator with his vast store of practical knowledge would figure 
the time to perform every operation. Often he would confer 
with the shop foremen when operations were involved with which 
he was not thoroughly familiar. In his more mellow moods he 
could probably be inveigled into admitting that his job was 
really “guesstimating,”’ but he was a good guesser. Anyway, if 
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the men did not make the time he allowed how could they call 
themselves craftsmen? 

With the aid of standard unit costs estimating is reduced to 
an exact science. All the operations involved in a job are listed. 
The standard times are known. The total of those divided by 
the departmental efficiencies and multiplied by the departmental 
hour cost gives the total cost. A clerk can be taught to do it. 

Suppose it is desired to estimate the cost of printing a thousand 
sheets. The old procedure was for the estimator to say, ““My 
experience has shown me that it takes about an hour to print a 
thousand sheets of that type and size, and since the hour cost on 
that press is $3 the cost of printing the thousand sheets will be 
$3." The estimator’s judgment and experience were needed. 
Under the system of standard costs a clerk will refer to a classified 
table of standard times and find that the standard time for a 
thousand impressions of this class is 43.2 minutes. The average 
efficiency of the department for the year has been 80 per cent. 
The cost then is 43.2 + 0.8 + 60 X $3 = $2.70. The figures 
are not significant. The important point is that in the latter 
case the experience is recorded and no judgment is required. 

After the contract is let these same times can be picked off the 
estimate and allotted against the departments involved for the 
purpose of establishing dates for the various stages in the com- 
pletion of the work. As previously stated, scheduling is a func- 
tion of the planning department and is essential for the successful 
operation of a standard cost system. 

The keeping of cost records on each individual job also be- 
comes extremely simple. It is not necessary for the operator to 
punch out a new time ticket each time he shifts from one job to 
another. One ticket a day is used, and on this are listed the 
names of the jobs worked on, the operations involved, and the 
quantity of each operation performed. From this information 
the standard time is calculated and recorded against the individ- 
ual jobs in process. The total of the standard times for each 
department divided by their respective efficiencies and multiplied 
by their respective hour costs results in the total cost. 

Unless there has been a change in specifications or unless the 
job is not handled in the manner estimated, the total cost as 
shown by the cost sheet will check the estimate toa penny. No 
longer need the manager go into the factory to find out how they 
could waste so much time on this or that job. He simply watches 
his departmental efficiencies, and if they are safely above the 
established norm everyone is satisfied. 

Last but not least, the knowledge of standard times makes it 
possible to pay the employees a bonus in addition to their flat 
salary on the basis of their production records for the purpose of 
urging them to greater productivity. As a matter of fact it is 
for this purpose that many plants adopt the system, considering 
the other advantages as incidental. 

It has been shown how standard unit costs may be attained 
in a craftsmen’s industry. 

In conclusion the chief advantages of standard unit costs may 
be restated. They are, that the same price, a standard price, is 
charged to everyone; estimating, scheduling, and cost recording 
are greatly simplified; and the outcome of the individual job is 
of indirect concern, the efficiency of the plant being the index to 
profitable operation. 
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Outstanding Economic and Technical Factors 
Involved in the Engineering of New 
Manufacturing Equipment 


By J. R. SHEA,'! CHICAGO, ILL. 


The importance of the problem of selecting or developing new and 
improved manufacturing equipment which is best suited for the 
economical production of a finished articte of the desired quality is 
pointed out, and then the basic principles underlying the solution 
of this problem are discussed. The subject is developed under the 
three main headings of (1) the economic analysis, (2) the technical 
analysis, and (3) practical applications. The economic analysis is 
essentially a summary of the various elements of cost involved in a 
proposed manufacturing plan, and the final choice of the equipment 
is based on this analysis. The author presents an economic analysis 
which is a composite of several recent developments of his company, 
stating that this analysis is the result of an intensive study of the 
technical phase of the question. He then proceeds to discuss the 
technical analysis, which comprises a study of the design of the 
product in all its stages, including the trend in its development, and 
of the question of methods of processing, these being the more im- 
portant factors that influence the choice of proper equipment. In 
the author's opinion equipment should be selected on the basis of 
the facts developed by the analyses described and with the ultimate 
plan of the entire plant in mind, to the end that each machine may 
function as a part of a single economic unit. Several important 
items are mentioned reiating to the selection of standard equipment, 
and a description is given of several special machines developed to 
meet the manufacturing needs of the Western Electric Company, 
with a discussion of the outstanding facts that may justify expen- 


ditures for such developments. 
() management is that of selecting or developing suitable 
manufacturing equipment. This question is constantly 
before every progressive manufacturer in his effort to reduce 
costs, and it becomes more pressing whenever additional plant 
capacity is required to provide for an increase in the volume of 
business, a change in the design of the finished product, or the 
introduction of an improved manufacturing process. Good 
management demands that in every case the necessary equipment 
shall be secured on the basis of its ability to produce the finished 
article to the desired accuracy and at a minimum cost. More- 
over, each machine selected should be of a type such that it will 
fit into an ultimate plan for the entire plant, so that it may 
function as a part of a single economic unit. 

In order to insure that equipment of the proper type be ob- 
tained, it is necessary to make a thorough analysis of the problem, 
based on a study of the principal economic and technical factors 
involved. These two phases of the problem are mutually inter- 
dependent and cannot of course be completely segregated in 
actual practice. However, in order to facilitate the presentation 
and discussion of this paper the subject will be treated under the 
following main headings: (1) the economic analysis, (2) the tech- 
nical analysis, and (3) practical applications in the development 
of equipment. 


NE of the most important problems of modern industrial 


1 Superintendent of Manufacturing Development, Western Elec- 
tric Company, Inc. Mem. A.S.M.E. 

Contributed by the Management Division and presented at the 
Annual Meeting, New York, December 3 to 7, 1928, of Toe AMERICAN 
Society oF MECHANICAL ENGINEERS. 
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Tue Economic ANALYSIS 


It is usually possible to plan the manufacture of an article in 
several ways, and the cost of each of the proposed methods 
should be summarized as an aid in making a final decision. 
Table 1 is a composite analysis of several recent developments 
which we have had under way in connection with the manu- 
facture of telephone apparatus and cable.* It is presented in 
order to bring out the economic factors involved in the problem 
under consideration. Plan 1 contemplates the use of commercial 
types of machines, while plans 2 and 3 cover improvements in the 
machine equipment, the arrangement of it, and in the methods 
of handling material. 


TABLE 1 ECONOMIC ANALYSIS OF THREE PLANS FOR MANU- 
FACTURING THE SAME ARTICLE! 
Plan 1 Plan 2 Plan 3 
Standard Improved Ultimate 
practice method plan 
Investment: 
990 1100 982 
2 Building investment................. 1280 650 575 
3 Raw and process material............ 2100 1900 1500 
Annual costs: 
5 Depreciation and maintenance........ 159 175 168 
7 Raw material and supplies............ 3000 2900 2750 
200 150 80 
11 Development cost (spread over 5 yr.).. is 100 200 
3955 3653 3492 
13 Annual savings over plan 1........... 302 463 
14 Return on investment, per cent....... 8.3 15.1 


1 These figures do not represent actual values, but they are proportionately 
—- for each item. Minor factors of cost such as insurance are not in- 
cluded, 


The summary (Table 1) illustrates in a striking way the value 
of a comprehensive study as a guiding factor in the consideration 
of new and improved machine equipment, because it clearly 
indicates the relative economic feasibility of the proposed plans. 
For instance, in the case of plan 2 it shows that while the machine 
investment has increased somewhat, that increase is more than 
offset by the decrease in building investment brought about by 
using a smaller number of machines, each of an improved type 
producing a larger quantity per unit of floor space. Plan 3 
covers a still greater improvement in machine equipment and 
a further decrease in the building area required. 

One may question how it is possible to develop special ma- 
chine equipment to this extent in competition with standard 
types, and it may be stated that results of this kind are obtainable 
only on the basis of an intensive study of processes and the ex- 
penditure of considerable experimental effort in close contact 
with the actual needs of the industry. It is a well-known fact 
that many industries are built upon developments of this sort. 
Ordinarily, many of the smaller manufacturing plants cannot 


2**Developments in the Manufacture of Copper Wire,’’ J. R. Shea 
and Samuel McMullan, Journal A.I.E.E., April, 1927, pp. 346-355: 
‘*Recent Developments in the Process of Manufacturing Lead Covered 
Telephone Cable,” C. D. Hart, The Bell System Technical Journal, 
April, 1928, pp. 321-342. 
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afford to spend large sums in the development of special ma- 
chinery, but that is not true in the case of a plant which is 
producing an article in large quantities. 

Improved machine equipment should be selected or developed 
not only from the standpoint of its unit production, but also 
with regard to the ease with which material may be moved to it 
and taken away, as by giving proper consideration to this point 
it is possible to minimize the investment in material in transit 
throughout the factory. The amount of material required to 
operate a plant is affected not alone by the machine equipment, 
but also by its arrangement and by the means provided for han- 
dling the material in process. Later on these factors will be 
outlined at greater length. 

Table 1 also presents a summary of the important items enter- 
ing into the annual cost of the finished articles which the corre- 
sponding investments are capable of producing. The intro- 
duction of special high-speed machinery carries with it in many 
cases an increase in maintenance and depreciation, and these 
facts cannot of course be overlooked in summarizing the cost 
of the product. In those cases where the cost of raw material 
constitutes a large part of the manufacturing cost, every effort 
must be made to develop and perfect processes which will reduce 
the process loss of material, and this is especially true where the 
operations are performed in series rather than in multiple. 

The return on the investment based upon the increased savings 
shown by plan 2 over plan 1 would hardly justify a complete 
change in the equipment, and unless the business demand were 
very urgent it would point to the need for completing the de- 
velopments included in plan 3 before making elaborate changes. 
Even then, a thorough analysis of each operation might show 
that it would be desirable to replace only that part of the machine 
equipment which is actually obsolete. The question may be 
asked as to when a machine may be considered obsolete. There 
is no definite rule or formula which can be applied generally 
in determining when it is desirable to replace old equipment. 
Much thought has been given to the question of expressing the 
existing relationships in empirical formulas,’ but it is the author’s 
present opinion that the only reliable way of knowing when it is 
economically desirable to throw out old equipment is to make 
a careful detailed analysis and cost study of the problem and 
then decide each case on its individual merits. 


Tue TECHNICAL ANALYSIS 


A comprehensive analysis of the technical phase of each 
problem should include a study of the design of the product, 
of processes for its manufacture, of the machine equipment, 
and of the factory arrangement. However, in many cases some 
outstanding development in methods of processing may dominate 
the entire situation, including both the design of the product 
and the equipment required for its manufacture. 

The analysis of the product should cover items such as quantity 
to be manufactured, the status of the development of the design, 
its permanency, the question of the choice of materials, and the 
degree of manufacturing excellence required. The magnitude 
of the requirements for any given article will determine to some 
extent the type of equipment which may be best suited for its 
manufacture. Mass-production methods cannot be applied 
economically where the requirements are low, and in such cases 
the equipment used would generally be that ordinarily found in a 
jobbing shop. Somewhat the same thing is true of obsolete 
service parts and of parts which are still in the process of de- 
velopment. It is very often necessary to modify the design of an 
article in order to take advantage of the manufacturing econo- 
mies which such a change would make possible. For instance, it 
was found that we could effect a very large saving in the amount 


3 Editorial, Automotive Industries, May 12, 1928. 
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of precious metal required to produce electrical contact points 
for relay springs by making changes in the design of the point 
and by providing suitable special equipment for the manufacture 
of the modified product. The manner in which this was accom- 
plished will be described under the heading of Practical Appli- 
cations. 

It is often likewise desirable from a technical standpoint to 
change the material of which an article is made—for example, 
to substitute welded steel for cast iron—and such a modification 
is usually accompanied by a corresponding change in the type 
of equipment required. Thus, in the present instance, welding 
equipment would replace foundry equipment. 

An excellent example of the gain due to a change in raw ma- 
terial is that which resulted when permalloy* was introduced 
into the construction of long-distance telephone facilities. This 
development produced important changes not only in the design 
of the product, but also in the manufacturing processes and 
equipment. 

It seems hardly necessary to emphasize the important part 
which the question of manufacturing excellence exerts on the 
selection of equipment. If the product is of a type such that 
the limits of accuracy must be held within a very narrow range, 
the equipment selected for its manufacture will need to be built 
with corresponding accuracy and it may be correspondingly 
priced. In one particular instance it became necessary to provide 
a $5000 grinding machine for the manufacture of an article which 
could have been produced on a $2000 machine if more liberal 
tolerances were permissible. 

Apart from the question of the design of the product, the 
processes selected for its manufacture will have a greater effect 
than any other single factor upon the selection of equipment, 
the quality of the product, and its final cost. 

The process should be chosen only after thorough consideration 
has been given to the status of the development of the manu- 
facturing arts involved, the trend in the cost of materials, and the 
degree to which the process may be accurately controlled. The 
product and the process should of course be closely correlated, 
although quite frequently the design of the product may be of 
secondary importance when it appears desirable to take ad- 
vantage of recent developments, such as phenol-plastic molding, 
new methods for die-casting improved alloys, and chromium 
plating. These instances illustrate the effect which process 
changes may have upon the selection of equipment, since it is 
often advisable to replace equipment which is in good mechanical 
condition in order to take advantage of such improved processes. 
Some of the older manufacturing arts are also progressing rap- 
idly, as is well illustrated by improvements in electric-welding 
methods. 

All developments of this type should be carefully investigated 
when considering the question of selecting equipment for new 
projects so that, if possible, arrangements may be made for the 
future introduction of manufacturing innovations which are 
not yet fully perfected. 

It would seem useless to expend a considerable amount of 
money in the investigation of the most desirable processes if 
equipment were not also chosen on the same basis. The former 
practice was to make the process fit the available equipment, 
a procedure which often resulted in entirely overlooking the 
most economical method. The modern tendency, however, is 
to decide upon the best method from the standpoint of economy 
and quality, and then to select or develop equipment to fulfil 
these new requirements. 

Process control is an important item, as the trend in most 


4 ‘Manufacture and Magnetic Properties of Compressed Powdered 
Permalloy,’’ W. J. Shackelton and I. G. Barber, Journal A.I.E.E., 
June, 1928, pp. 437-440. 
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lines of industry is toward more exact methods in order to cut 
down waste and to obtain a better product. As a result of this 
trend, equipment which was once regarded as satisfactory is 
being replaced by newer and more suitable machines. 

When the design of the product has been decided upon, the 
quantity requirements determined, and the best available process 
selected, it will be found that the most suitable manufacturing 
equipment may be chosen from a comparatively narrow field. 
The choice will then rest between types of machines. The equip- 
ment selected, whether a simple hand-operated tool or fixture, a 
standard general-purpose machine tool, or a special-purpose 
machine, must be capable of meeting the standards of accuracy 
and quality required in the finished product, and it must be 
designed and constructed so that it will reduce each item of cost 
discussed under the heading of Economic Analysis to a minimum 
consistent with the total investment required. 

In the development and construction of special equipment for 
our own needs, great care is exercised to insure that each unit is 
complete from the standpoint of motor drive, controls, and 
switches, and the machines are inclosed completely or are thor- 
oughly guarded in order to reduce the possibility of accidents 
to a minimum and to improve the appearance.® 

While considerable progress has been made along similar 
lines by machine-tool builders during the past few years, it has 
been our experience in procuring standard machinery that a 
number of commercial machines require a large amount of addi- 
tional work on drives, guards, and electrical control apparatus in 
order to make the installation complete and ready for operation. 

If the machine builder would make better provision for these 
items, he would produce not only a better appearing and safer 
machine, but also he would reduce its total installed cost. Ma- 
chine-tool builders have fully realized the need for placing the 
controls in a position where they are quickly accessible to the 
operator. This feature is of increasing importance as the speeds 
of machines are increased and as the machine unit itself repre- 
sents a larger investment. Thorough guarding of all moving 
parts is also of considerable importance. Fully guarded ma- 
chines may cost more, but they are good investments from an 
economic as well as from a humanitarian standpoint, since they 
help minimize the production and other losses which are always 
incurred when an employee is injured. 

The final step in the engineering of the plant, that of deciding 
upon a suitable arrangement of machines, is one of the most 
vital factors entering into the problem. At times this question 
is of major importance, often deciding the selection of one type 
of equipment in preference to another. An ideal line-up of 
machinery would be one which would permit the product to 
move through its different stages of manufacture by the shortest 
possible path and with a minimum amount of manual handling, 
each operation being performed on the most efficient machine 
obtainable for the purpose, and each machine operating at its 
fullest capacity. 

The goal of every machine arrangement layout should be to 
keep manual handling and labor cost at a minimum, to eliminate 
idle equipment, and to make it possible to operate the plant with 
a minimum investment. 

Certain highly specialized manufacturing processes permit the 
use of a straight-line arrangement of equipment to a degree 
that nearly approaches the ideal. This arrangement can be 
used most economically by industries manufacturing one or 
relatively few standardized products differing very little from 
each other and produced by essentially the same process. Among 
the outstanding arguments for straight-line manufacturing are 


* “The Development of Machine Tools from a User’s Viewpoint,” 
F. C. Spencer, Mechanical Engineering, December, 1927, pp. 1305- 
1306. 
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the greater ease of production control, the more economical 
utilization of space, the use of mechanical handling, a lower 
investment in process inventory, less supervision and less clerical 
work. 

Manufacturing concerns producing a large variety of products 
find it advantageous to arrange machines in groups according to 
their type. In plants of sufficient size, this departmentalized 
grouping of machines may be carried even further and each 
type of equipment subdivided according to size or according to 
the character of operations performed. The more important 
arguments in favor of departmental grouping of equipment are 
more intensive utilization of the available equipment and the 
fact that small lots of work can be handled nearly as economically 
as larger lots. The departmental grouping of equipment 
has the disadvantage of requiring more handling, more inspection, 
more supervision, more investment in the materials being proc- 
essed, and generally more clerical work. However, even in 
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factories producing a large number of products it is often found 
desirable to set up straight-line arrangements of machinery for 
the manufacture of products for which there is a high annual 
demand or for those operations which can be performed more 
economically with this arrangement. 

Whatever arrangement may be chosen as best fitted to the 
ultimate plan for the plant, the machines selected should be 
such as to fit into this plan to the best advantage. The space 
required per unit production of a part is always an important 
element in its total cost, but this is especially true when increases 
in the volume of business may necessitate plant expansion in- 
volving additional buildings. At such times the amount of 
space required for a given unit production may be an important 
factor in the selection of equipment. 


PRACTICAL APPLICATIONS 


The manner in which the basic considerations outlined have 
been applied in the development of equipment may be illustrated 
by means of several typical cases from actual experience. 

Manufacturing equipment recently developed for the pro- 
duction of a spool head used in the subscriber telephone set very 
well illustrates the economic factors outlined in the early part of 
this paper. This spool head, shown in Fig. 1, is approximately 
1*/, in. square and 1 in. thick and is made of maple. Several 
millions of these parts are required per year, and they were 
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formerly made by the operations which are listed in Table 
2, standard woodworking machinery being used. 

A study of the design of the subscriber set in which this part 
is used and of the various materials from which the spool 
head could be made indicated that maple would still be the best 
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TABLE 2 OPERATIONS AND EQUIPMENT USED IN MANUFAC- 
TURING SPOOL HEADS BY OLD AND NEW METHODS 
Operation Old method New method | 


1 Trim to 1*/s” and cut two slots Trim saw Parts cut, slotted, 
2 Drill '/2” core hole in heads Speed lathe and drilled com- 


3 Drill eight holes in heads Adjustable multi- plete in auto- 
ple-spindle drill matic machine 
press 


and cheapest material available. We investigated the best 
standard machines on the market which were adaptable to the 
production of this part, but were unable to find an improved 
type with which any appreciable saving could be realized. The 
operations required to produce this part are essentially drilling 
and sawing, and our engineers considered it entirely feasible to 
develop a special machine in which all the operations could be 
combined. The operations performed by this special machine 


Fic. 4 ARRANGEMENT OF DRILL anp Saw UNITS oF 
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are shown schematically in Fig. 2, and the machine itself in 
Figs. 3 and 4, while Table 3 isa comparative economic statement 
of the old and new methods of producing this part. 


TABLE 3 COMPARATIVE COSTS OF MANUFACTURING SPOOL 
HEADS BY OLD AND NEW METHODS 


Old New 
Investment method method 
1 Machine investment......................... $10,000 $15,000 
3 Raw and process material................... 1,500 1,000 
Annual costs 
8 Number of operators required..............++ 10 


There are a number of design features embodied in this ma- 
chine which are unique and which make possible to a large 
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extent the savings that have been effected. The drilling speed 
used is 8000 r.p.m., while the speed obtainable with the best 
commercial multiple-spindle drill press of the required capacity 
does not exceed 3000 r.p.m. This high speed was obtained by 
the use of direct-motor drives with a frequency changer, which 
made it possible to increase the speed of standard motors without 
resorting to special design. Ball bearings were used throughout, 
and a splash lubrication system was adopted. A special feature 
of the multiple-saw mechanism of this machine is that the motor 
housing is made of an aluminum alloy to cut down its weight, 
so that both the motor and saws may be moved to and from the 
work with great rapidity. The saw motor runs at 7200 r.p.m., 
a saw speed that is unusual in the wood-working industry. This 
high speed was adopted in order to make it possible to use small 
saw diameters, thus insuring greater accuracy, and yet keep 
the time required by the slotting and sawing operation at a mini- 
mum, since that is the operation which limits the output. The 
present output of this machine is 25 parts per minute. 

A very good illustration of how the adoption of an improved 
process affects economy, alters the design of a product, and im- 
proves its quality is shown by the results of a recent change made 
in the method of manufacturing loading-coil cases. Fig. 5 
shows the new and old designs from left to right. In the old 
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design the case is made of cast iron, while the new product is 
built up of sheet steel, formed and electrically welded. Some 
of the outstanding economic advantages of this change are shown 
by Table 4. 

In the new design much less material is used, and the inci- 
dental annual freight saving amounts to $60,000 per year addi- 
tional. 

The manufacture of the old cast-iron case involved the usual 
series of foundry and machine-shop operations such as molding, 
making cores, cleaning castings, and turning and drilling opera- 
tions. The new case is produced by the operations which are 
listed in Table 5. 
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TABLE ‘, COMPARATIVE COSTS OF MANUFACTURING LOAD- 
NG-COIL CASES BY OLD AND NEW METHODS 


Old New 

Investment method method 
1 Equipment investment. $143,000 $180,000 
2 Eaihae investment. 110,000 45,000 
3 Raw and process material. . 12,000 4,000 
$229,000 

Annual costs 
6 Total annual cost. $450,000 $250,000 
7 Total annual saving. 200,000 
8 Number of operators required. . POE a 62 25 


FOR BEVELING PLATES FOR STEEL 
LoapinGc-CoiL Cases 
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TABLE5 OPERATIONS AND EQUIPMENT USED FOR THE MANU- 
FACTURE OF WELDED STEEL LOADING COIL CASES 


Operation Equipment 
1 Cut and bevel stock. . Gat 
2 Form channels for sides. . Sean we. 
3 Weld two channels together | 'to form body ¢ of 

case... Automatic seam welder 

4 Weld bottom to body. . Semi-automatic welder 
5 Weld handling and details to © channels. Semi-automatic welder 
6 Paint . Spray booth 
Z Bake finish. . Gas oven 


Weld cover on case after filling. . Semi-automatic welder 
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These operations are performed on machines illustrated by 
Figs. 6 to 8, inclusive. The layout of equipment for this work is 
unique in that the manufacturing operations are performed on a 
progressive basis, as shown by Fig. 9. 

The material is handled through the various operations by 
means of a monorail system, the operations being very well 
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AND BOSSES AUTOMATIC WELDER FOR SIDE SEAMS 
SEMI-AUTOMATIC WELDER FOR STORAGE SPACE FOR 
LUGS, NIPPLES AND BOSSES 


SEM/- AUTOMATIC 
WELDER FOR 


ARRANGEMENT OF EQquipMENT, 


balanced from a production standpoint. The consideration 
given to these two items has made it possible to cut the amount 
of material in process to a minimum. 

It may be well to point out that the economies shown in Table 
4 represent only the manufacturing savings. Another important 
advantage which has resulted from the use of welded steel in place 
of cast iron is that the lighter steel cases can be erected much 
more easily in the field. There is also decidedly less danger of 
hidden defects or blowholes in the steel cases, which is extremely 
important because of the necessity for keeping the coils dry. 

An excellent example of the economies which may be secured 
in the use of raw materials is shown by a comparison of the old 
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and new methods of applying electric contacts to relay and other 
types of springs. Here again the perfection of a process, that 
of electric welding, made it possible to effect the change. Fig. 10 
shows at A the old way of assembling the preformed precious 
metal rivets with the spring in which a hole has been perforated 


Fig. 11 MacuIne ror Contact Points 
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or drilled. At B of the same figure is shown the new contact 
electrically welded into place, the material saved being indicated 
by the solid area in A. There are two types of contacts used, 
and they are associated in pairs comprising a disk and a point in 
order to give the proper spacing between the springs, to reduce 
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the required amount of material to a minimum, and to insure a 
uniform electrical contact with the use of commercially accurate 
parts. The point contact is made on the semi-automatic ma- 
chine shown in Fig. 11. After the blank spring is placed in 
position in the machine, a wire of contact metal is fed downward 
to it, is welded, cut to length, and headed, and the finished part is 
ejected automatically. The disk, or flat contact, is made in a 
similar way, except that the disk is automatically punched from 
strip contact metal and then welded. The magnitude of the 
saving effected may be easily pictured when it is considered that 
over 30 millions of these parts are produced annually and that 
one-third of the precious metal formerly used is saved. The 
new contact design is also far superior in quality to the old 
form, which in some cases became loose in service, resulting 
in poor electrical connections, and in turn poor transmission 
of speech. In addition to saving several hundred thousands 
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of dollars in precious metals, only 60 operators are required 
to meet the present demand, which would require 130 people if 
the older process were still in use. 

An adaptation of standard machine equipment which enabled 
us to combine several operations in one unit is shown in Figs. 12 
and 13. In this machine four commercial drilling heads have 
been arranged radially around a fixture, and these heads and 
the fixture are operated automatically. In this manner the 
drilling and milling operations outlined in Fig. 14 are performed 
on the part without relocating it, an important item in securing 
accuracy. Table 6 indicates the economies which resulted from 
the development of this machine. 


TABLE 6 ECONOMIES EFFECTED BY IMPROVED METHOD OF 
MANUFACTURING PLUG CENTERS 


Old New 

Investment method method 
3 Raw and process material................+0% 400 200 

Annual costs 
$5,000 $1400 
8 Number of operators required..............++ 6 1 
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Fig. 15 shows a production unit which was developed for ma- 
chining hard-rubber telephone receiver caps using diamond 
tools. The operations performed by this machine are those of 
profiling the outside curve of the cap and boring the hole in the 
center. Previous to the development of this machine the pro- 
filing and boring of the receiver cap was done on speed 
lathes with special tools and fixtures. Comparative cost data 
are given in Table 7. 


TABLE7 COMPARATIVE COSTS OF OLD AND NEW METHOD 
FOR PROFILING RECEIVER CAPS 


Old New 

Investment method method 
$8900 
3 Raw and process material................00. 600 200 
$9950 

Annual costs 
6 Total annual cost. $4600 
7 Total annual saving. are 4400 
8 Number of operators required. . ee 1 


This machine has six vertical work-holding spindles which 
rotate at 1350 r.p.m. while revolving with the table of the ma- 
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chine at a speed of 6r.p.m. Mounted above the chuck spindles 
are tools which advance to the work as the table revolves away 
from the loading station. The parts are placed on the chucks 
by the operator, and all operations, including the ejection of the 
parts, are performed automatically. Special safety devices are 
provided which make it impossible for the operator’s hand to be 
carried into the machine by the revolving table. 

The somewhat similarly appearing special-purpose machine 
shown in Fig. 16 was designed for trimming the edges of desk- 
stand bases and other drawn-steel or brass parts which enter 
into the construction of telephone apparatus. Previous to the 
development of this highly specialized production unit, this 
work was done on hand screw machines which were replaced on a 
cost-study basis. The essential facts of this study are indicated 
in Table 8. 


TABLE 8 ANALYSIS OF TRIMMING COSTS BY OLD AND NEW 
METHODS 


Old New 

Investment method method 
2 Building investment. ‘ 1,900 450 
3 Raw and process material. . 1,700 1,000 
$9,450 

Annual costs 
8 Number of operators required................ 


The construction of this machine comprises three work-holding 
fixtures and three corresponding sets of rotating cutters mounted 
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below a table which revolves about the central column of the 
machine. The operator places the parts in the fixtures, and 
the operations of clamping, trimming, and ejecting are performed 
automatically. The actual output of this machine is approxi- 
mately 1400 parts per hour. 

Equally important results may be obtained in certain lines of 
manufacture by the selection of standard or semi-standard ma- 
chines placed on the market by machine-tool builders, but there 
is the same need for a detailed analysis of each problem if the 
best results are to be obtained. However, the average standard 
type of commercial machine is usually developed as a result 
of a general industrial need in a broad field. For commercial 
reasons, therefore, machinery builders are always trying to make 
a machine as flexible as is consistent with reasonably good design 
and economic sense, so that when selecting a standard machine 
it is necessary to see that production is not being sacrificed for 
flexibility. 

In the case of special machinery the obsolescence hazard is 
much greater, owing to possible changes in the design of the 
product or the introduction of some new process. Under such 
conditions, if standard machinery may be used in the manu- 
facture of an article, a decision to develop or purchase special 
machinery should be made only when it is certain that the savings 
are ample to insure against a net loss. 


CONCLUSION 


In conclusion it may be stated that the selection or develop- 
ment of manufacturing equipment is an engineering problem 
which should be solved on the basis of a sound economic and 
technical investigation. 

Discoveries and developments of a purely scientific nature 
which a generation ago required a number of years for their appli- 
cation now find their way into practical use within a relatively 
short period, and the manufacturer and the engineer must fully 
appreciate the significance of such developments and so arrange 
their plans that changes can be readily made. 

The few examples presented in this paper indicate the extent 
to which the labor and material required to produce an article 
may be reduced. At the same time the fact must not be over- 
looked that such developments require a larger number of highly 
skilled people in the development and construction of these 
machines. While the direct labor cost per unit is reduced, some 
of this labor effort is transferred to lines of work requiring greater 
skill, and thus a higher standard for the entire personnel is 
established. However, the manufacturer in turn is in a position 
to, and in most cases does, reduce the price of his product, thus 
placing it within the reach of more people, which creates a de- 
mand in most cases sufficient to provide work for an equal or 
larger force. This trend is now occurring in most lines of manu- 
facture, and the same force of people in a plant is year by year 
producing an ever-increasing amount. Such improvements have 
been an important factor in our present prosperity, and it is the 
author’s feeling that manufacturers and engineers have made an 
excellent start in this field and that further progress rests upon a 
more extended application of sound, economic, scientific, and tech- 
nical principles in the analysis of every manufacturing problem. 


Discussion 


James A. Brown.* The engineering of new mechanical equip- 
ment is one of the most important and, if rightly approached, one 
of the most interesting jobs in the work of the plant executive. 
This paper is therefore both timely and helpful, not only for the 
clearness of the analysis, but for its inspirational value as a 
record of accomplishment. 


* Mechanical Engineer, Brooklyn, N. Y. Mem. A.S.M.E. 
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Whether to buy or to build and how much to spend for new 
equipment are questions holding the attention whenever economy 
of manufacture or need of increased capacity is under considera- 
tion. Various formulas or the same formula in different ways 
have been proposed to solve these questions in whole or in part, 
but the meager results obtained through their involved and cum- 
bersome symbolism prompt the query, why a formula at all? 

In direct contrast the author here presents in Table 1 and to 
some extent in those following a clean-cut and simple summation 
of those elements of cost essential to economic performance. It 
would be of interest to have the make-up of the items in Table 1 
outlined a little more fully, and this would also help to clarify 
some of the other tables, particularly Table 3, which seems to 
suffer from overenthusiasm. 


J. W. Ror.?’ We must thank Mr. Shea for a statement of the 
principles involved in the production process, some good examples 
of special machinery, and all the analyses to which they were sub- 
jected before adoption. May I, however, ask a question or two? 

In such analyses, should new equipment of this kind be ex- 
pected to pay for the unamortized value of the equipment dis- 
placed; and if so, where does that appear in the analyses? If 
new equipment does not pay for this unamortized value, what 
will? Presumably it would be the output produced on the new 
equipment; and if so, would not this be a factor in considering 
savings? 

Also, should not improved equipment provide for obsolescence 
before showing a profit? Many managers are expecting new 
machinery to pay for itself in a specific time, which ranges from 
one year to as high as seven years in stabilized industries such as 
railroad shops. Recent inquiries show that on the average this 
time in which the equipment is to pay for itself is two to three 
years. The paper on “Principles of Jig and Fixture Practice,” 
presented this week at another session, gives formulas covering 
the economics of such equipment. In these formulas, interest on 
investment, taxes, insurance, and obsolescence may easily be 
the largest factor, and for an estimated life of two years, it 
amounts to 50 per cent of the initial cost. Has any such obsoles- 
cence as this been allowed for? The utility of production equip- 
ment is at the mercy of changes in the output. If so, should not 
that liability enter into the calculations, and would it not be a 
very considerable item? Obsolescence may be cared for in Mr. 

Shea’s analyses, but I have not recognized it. In figuring up 
savings, it would seem that the new equipment should provide 
for paying for displaced equipment and for obsolescence before 
showing a profit. With any such savings as were shown in 
Mr. Shea’s case, this could readily be done and still have the in- 
vestment in the machines highly profitable. 


AvTHOR’s CLOSURE 


In outlining this paper, it was necessary to reduce it to its 
essential fundamentals in order to present it in the allotted 
time, and it was my hope that the discussion would bring out, as 
it has done, other factors which are considered of importance. 

By way of contrast to emphasize the fact that only funda- 
mentals have been presented, I have with me a detailed economic 
study covering a certain project which a number of engineers have 
been working on during the past two years. This statement is 
divided into 35 sections, and each section has figures, tables, and 
discussions of three to four pages. 

In other words, while the important fundamentals are rela- 
tively simple, a comprehensive detailed study of all factors, 
whether large or small, should be made in order to have a com- 
plete economic picture on which to make an important decision. 


? Professor of Industrial Engineering, New York University, New 
York, N. Y. Mem. A.S.M.E. 
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Professor Roe asks if new equipment of this kind should be 
expected to pay for the unamortized value of the equipment dis- 
placed. From a general accounting standpoint, the deprecia- 
tion rate on any class of machinery should be high enough to 
amortize it during its useful period and should take into considera- 
tion whether or not this period should be short or long, depend- 
ing upon the advance being made or to be made in the manu- 
facturing art in that particular field. Let us assume, however, 
that a machine has not been depreciated fully. In that case a 
very simple cost study can be made on the basis of evaluating 
the machine at its junk or second-hand value and figuring the 
costs of producing the article or operation on that machine, in- 
cluding all other factors such as maintenance, power, labor, floor 
space, etc. A comparison of this cost with the cost of a new ma- 
chine will then indicate whether or not it is worth while to dis- 
pose of the unamortized machine. 

Professor Roe states that “the utility of production equipment 
is at the mercy of changes in the output,’”’ and he asks,“If so, 


should not that liability enter into the calculations, and would it 
not be a very considerable item?” This is especially true of 
special machinery, and this hazard was pointed out toward the 
end of the paper. New developments along machine lines, of 
course should not be undertaken until a comprehensive survey of 
the design of the finished product being manufactured has been 
made, including a survey of the various processes which might be 
used to make the same article. 

Professor Roe states that “in figuring up savings, it would 
seem that the new equipment should provide for paying for dis- 
placed equipment and for obsolescence before showing a profit.” 
I would say that it should go even farther in that only a fair 
portion of the profits should be passed along to the customer in 
the way of lower prices. The balance should be kept in reserve 
so that future research and development work could be financed, 
and in that way the customer be insured of receiving a continu- 
ously decreasing price on the product. 
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Symposium on Illumination 


The first paper of this symposium outlines a method by which the 
amount and distribution of daylight illumination that should be 
produced by any specific window arrangement in the interior of 
a building may be predicted. The method is based upon rigorous 
theoretical analysis and has been checked repeatedly by field tests 
upon full- size buildings as well as by laboratory tests upon models of 
buildings. Some results of the application of the method to analysis 
of the lighting effect of changes in the fenestration of typical build- 
ings are discussed. A bibliography and a brief digest of the most 
significant literature known to the authors include important data 
on the effects of window glass, shades and blinds, mullions and 
columns, light-reflecting surfaces both within and without the building, 
sawtooth, monitor, and other types of roof in single-story buildings, 
and light courts in multi-story buildings. 

Ward Harrison, in the second paper, points out that since daylight 
provides adequate illumination for only about one-half of the work- 
ing area in a modern multi-story factory building, artificial illumi- 
nation is essential for effective use of the entire space for pro- 
ductive purposes. The procedure for the correct design of such 


systems is outlined in the paper. 


The last paper, by Munroe and Cook, considers light as an im- 
portant factor in the successful operation of any industrial plant. 
Inadequate lighting, i.e., lighting of a low intensity with glare 
present and the illumination improperly distributed throughout 
the interior, will hinder the various industrial processes, while 
adequate lighting, i.e., sufficient intensity, glare eliminated, and a 
satisfactory distribution of light, will assist in the operation of 
industrial plants. 

Adequate lighting will increase production, the average increase 
being 15 per cent at a 2 per cent cost of the payroll; it will decrease 
industrial accidents, this reduction producing a saving in plant 
operation costs; it will reduce labor turnover and spoilage, again 
assisting in the production of materials at a low cost; and it will 
assist in the maintenance of the health of the employees, which tends 
to produce a greater organization efficiency. 

These factors, with their combined influences, make it highly 
desirable that the lighting of a plant receive consideration similar to 
that of the machinery to be installed, because it can be stated without 
question that the efficient operation of an industrial plant is in- 
fluenced to a certain extent by the character of the illumination used. 


Designing Buildings for Daylight 


By H. H. HIGBIE,' ANN ARBOR, MICH., ann W. C. 
RANDALL,? DETROIT, MICH. 


HE design of a building for daylighting usually resolves itself 
into a process of predicting what amount and distribution 
of natural illumination should be had in the interior with a 
given fenestration. The basis for such initial determination may 
be a few time-honored empirical rules, having a more or less 
sound basis in fact, such as that the glass area should be at 
least 15 to 30 per cent of the floor area and that the depth of 
the room perpendicular to the window wall should not be more 
than twice the height of the top of the glass area. At some 
future time when more experience has been had in such scien- 
tifie methods as are to be explained in this paper, better basic 
rules may become available to designers. If the daylighting of 
the interior predicted for this initial fenestration be not satis- 
factory, then, on the basis of his knowledge the designer arrives 
at a somewhat different design for which a new prediction is 
made, and so on until the result is satisfactory. 
Several more or less comprehensive methods for making such 
predictions of daylight illumination have been published. One of 
these is by Wendell 8. Brown.*** Another® is due to Prof. 


1 Professor of Electrical Engineering, in charge of engineering 
courses and laboratories for illumination and photometry, University 
of Michigan; Past-President, Illuminating Engineering Society, and 
Chairman of its Committee on Natural Lighting. 

? Chief Engineer, Detroit Steel Products Company, and member 
of the Illuminating Engineering Society's Committee on Natural 
Lighting. 

*“Daylight vs. Sunlight in Sawtooth-Roof Construction,” W. 
S. Brown. Jl. A.S.M.E., Dec. 1918, vol. 40, pp. 603-608. 

‘Some Principles Governing the Proper Utilization of the Light 
of Day in Roof Fenestration,’ W. S. Brown. Trans. I.E.S., March, 
1924, 

° “Practical Daylight Calculations for Vertical Windows,” W. S. 
Brown. Trans. I.E.S., March, 1926. 

“The Determination of Daylight Intensity at a Window Open- 
ing,’ H. H. Kimball. Trans. I.E.S., March, 1924, pp. 217-234. 

Contributed jointly by the Illuminating Engineering Society and 
the Management Division and presented at the Annual Meeting, 
New York, N. Y., December 3 to 7, 1928, of THe AMERICAN So- 
cliETY OF MECHANICAL ENGINEERS. 


H. H. Kimball, Meteorologist of the U. 8S. Weather Bureau and 
formerly Chairman of the Illuminating Engineering Society’s 
Committee on Sky Brightness. Yet another’ was developed by 
Messrs. Waldram in England. The one which is to be particu- 
larly referred to in this paper was promulgated in a series of 
papers*:*'"° beginning with the convention of the I.E.S. in 


1924. It is selected because it has had and promises to have 
perhaps a more comprehensive development than any of the 
others, and because the results of it have been subjected to 
proof. An apparently simpler method has been developed in 
Germany by Friihling'' based upon a suggestion made by one 
of the authors.*'? This method involves a number of experi- 
ence factors which so far have apparently not been sufficiently 
investigated. When it has been completely developed and 
published it may quite possibly be considered preferable. The 
point-by-point method is given here because it enables one to 
compute the illumination at any point on any working plane 
under any conditions, and there could hardly be hope of having 
enough experience-factors for such purpose with simpler methods. 


PREDICTION OF DayLiGnutT From FENESTRATION 


Although the basis of this method is purely logical and mathe- 
matical, it has withstood successfully many tests by laboratory 
experiment and field survey, which are detailed in the references.'* 


7 “*Window Design and the Predetermination of Daylight Illumi- 
nation,” P. J. and J. M. Waldram. The Illuminating Engineer 
(London), April-May, 1923. 

“Prediction of Daylight From Vertical Windows,” H. H. Higbie. 
Trans. I.E.S., May, 1925. 

* “Prediction of Daylight From Sloping Windows,’ H. H. Higbie 
and A. Levin. Trans. I.E.S., March, 1926. 

‘Further Data on the Prediction of Daylight From Windows,” 
Higbie and Levin. Trans. I.E.S., April, 1926. 

11 “Grundlagen fiir die Messung und Vorausberechnung der Tages- 
beleuchtung von Innenriiumen,’’ H. Frihling. Gehalten auf der 
14 Jahresversamlung der Deutschen Beleuchtungstechnischen 
Gesellschaft, Sept. 17, 1926. 

12 “Daylighting From Windows,” H. H. Higbie. 
March, 1924, pp. 235-268. 

13*‘A Method for Predicting Daylight From Windows,” Higbie 
and Randall, Engineering Research Bulletin No. 6, Department of 
Engineering Research, University of Michigan, January, 1927. 
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Efforts are now being made to translate it into forms that shall 
be conveniently useful, and of not too formidable aspect to archi- 
tects, by systems of charts, scales,‘* tabulations, or other forms 
involving little or no computation in the application, and it is 
hoped that these forms may be published shortly. It must be 
sufficient to present the basic formulas without derivation, and 
to indicate the methods so far employed to facilitate use of them. 
This has been put in an appendix for the convenience of those 
who are interested more in results already obtained than in 
methods of investigating new problems for themselves. 


PractTicAL APPLICATIONS OF THE METHOD OF PREDICTING 
DAYLIGHT 


In England for some time the Waldrams have been making ex- 
tensive use of their method of prediction in providing expert 
testimony for suits under the “ancient light’? law which gives 
the owner of windows over twenty years old an indefeasible right 
to an adequate access of light and air. In the United States 


JULY 19, 1926 


Fie. 1 Variation oF Totat DayLicut ILLUMINATION ON A Hori- 
ZONTAL PLANE Out oF Doors on a TypicaL Day, CLOUDY IN THE 
MoRNING AND FAIR IN THE AFTERNOON 


it appears that such suits are not so frequent, and that the 
evidence for them has been obtained more by tests than by 
computations.. In this country the need for daylighting calcu- 
lations has been mainly for the purpose of achieving the most 
effective and economical design of fenestration in buildings, more 
particularly the large single-story factory buildings having acres of 
floor space under a single fenestrated roof. Here we are not so 
much concerned with the adequacy of the daylight, for American 
industrial engineers and executives appear generally to have 
appreciated the importance of more than minimum lighting for 
their modern buildings and methods of operation; but we are 
interested rather in a means to guide us in disposing a given 
amount o! glass so as to produce the best daylighting within a 
building, or in getting the best possible service from our win- 
dows. 

For such purposes it is sufficient generally to make predictions 
by an adequate and tested analytical method under assumed 
conditions that are convenient, while sufficiently close to the 
practical. The out-of-doors illumination will vary, on a typical 
day, somewhat as shown in Fig. 1, taken from records by J. E. 
Ives.‘ Obviously, it is not practicable to consider variations 
such as are shown in this curve; for comparisons, it would only 
be necessary to assume a definite condition and make predictions 
for several alternative designs of the fenestration. The results 
can be compared in the engineering office before a costly struc- 
ture is built, which is better than proceeding on a mere “hunch” 
or a poorly analyzed previous experience. In idealizing our 
conditions, then, for convenience in prediction, we are likely 


to assume as window brightness (value of b in our Appendix 
formulas [1], [2], [3]), a single value representing a uniform 
brightness for all the outlook through all the windows, which we 
know to be not in strict accordance with the facts, but to be 
often permissible as a basis for comparison of one design with 
another. In many cases it is necessary to take into account that 
the brightness of outlook through certain parts of certain win- 
dows is seriously altered by obstructions to the sky view, such as 
nearby or tall buildings, trees, or opaque structures within the 
building. These conditions are so various that it is not prac- 
ticable to discuss here in detail any methods for considering them 
in predictions of the interior daylight; typical cases are treated 
in the references.*** The potential influence which these 
cut-offs of sky view may have in particular cases is indicated in 
Fig. 2. It is always possible to estimate the brightness of the 
obstruction from the density of skylight and sunlight falling 
upon it and from its known or probable reflecting properties; 
to estimate by geometrical methods the portion of window out- 
look occupied by it; and from these to estimate the lighting with 
fair accuracy by subdividing the window into rectangular por- 
tions, each of which has approximately uniform and known bright- 
ness, using the method of prediction given in the Appendix. 
Many basic data on the brightness of the sky have been given 
by Dr. Kimball;'*"5 other data may be found in current reviews 
by the U. S. Weather Bureau and occasional papers from the 
U. S. Public Health Service,'*!7."8 and in publications by the 
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Fig. Sincte Winpow Curves 

(Curve C is computed from the basic formula [2] (in Appendix) for a 
single vertical window in a given sawtooth roof. D shows the result of 
cut-off of sky view due to black inside structure at bottom of one adjacent 
sawtooth; shows result of this and also cut-off by black roof outside to 
top of other adjacent sawtooth. These cut-offs become effective at points 
a; and az, respectively; at ae the combined effect of both cut-offs reduces 
the direct illumination to zero.) 


Smithsonian Institution which maintains stations widely scat- 
tered through the world for study of radiation received from 
the sun. Some measurements on density of light received upon 
window surfaces have been given in papers by Higbie'* and by 
Friihling." 


14“Sky Brightness and Daylight Illumination Measurements,” 
Report by Committee on Sky Brightness, H. H. Kimball, Chmn., 
Trans. I.E.S., Oct., 1921, pp. 255-275. 

16 “Daylight Illumination on Horizontal Vertical and Sloping 
Surfaces,’ Report of the Committee on Sky Brightness, H. H. 
Kimball, Chmn., Trans. I.E.S., May, 1923, pp. 434-474. 

16 “Studies in Natural Illumination of School Rooms,” Clark and 
Beal, in Public Health Bulletin No. 159, Washington, D. C., Jan. 
1926, 57 pp. 

17 “Some Factors Affecting Daylight Lighting of Interiors,” A. F. 
Beal. Trans. I.E.S., March, 1927, pp. 276-297. 

18 ‘Records of Daylight by the Photoelectric Cell,’ J. E. Ives. 
Trans. I. E. S., May, 1925, pp. 498-510. 

11 (Translation) ‘“‘Fundamentals for Measuring and Calculating 
Daylight Illumination of Interior Rooms,” Licht und Lampe, 1926, 
no. 26, p. 895, Berlin S. W. 19. 
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The glass in the windows, and the dirt on the glass cause the 
window brightness to differ from the sky brightness; the effect 
of this upon daylighting in the room is treated in another por- 
tion of this paper. Some unpublished data” indicate the serious- 
ness of the effects of reflections from the glass, of loss in glass, 
and in dirt on glass, and of muntins or frames between panes of 
glass in windows, leading to the conclusion that generally the 
distant parts of long windows have but little influence on the 
illumination. Thus, tests in a large factory building in West 
Philadelphia showed that at an angle of 30 deg. from normal 
the brightness was only 95 per cent of the maximum at normal; 
at 45 deg. from normal it was 73 per cent, and at 60 deg. it had 
dropped to 47 per cent. At the greatest angle measured, about 
81 deg., the brightness was only 14 per cent of the maximum. 
It may be best to take account of this and also of mullions and 
columns to be discussed presently, by neglecting that portion of 
any window farther away than twice the perpendicular distance 
to it; for not only are the brightnesses much reduced for such 
distant portions, but the other factors of illumination also conspire 
to diminish its value. Further information on many of the 
considerations discussed in this paper may be expected to issue 
occasionally from the United States Public Health Service, 
which is engaged upon an extensive program of research in 
natural lighting, involving tests upon an experimental building 
so large as to be practically full size, and located out in the open. 


Errect oF Mutuions, CoLuMNs, AND WALL THICKNESS 


Opaque structural members such as sash bars, muntins, casings, 
mullions, wall piers, and columns which are interposed between 
areas of glass in the window wall, usually reduce the amount of 
light entering the building and the illumination produced by that 
light, to an extent greater than would be indicated by the re- 
duction of glass area in the plane of the window wall, on account 
of the thickness of these members in a direction normal to the 
window plane, especially if their surfaces be poor reflectors of 
light. The effect of the minor obstructions such as sash bars 
and muntins may be included in the data for longitudinal vari- 
ation of window brightness, as was done in the preceding section 
of this paper. The effect of wide piers or columns between 
individual windows or groups of windows may be taken into 
account by calculating separately the component of illumination 
due to each window or group (in the manner outlined by Equa- 
tions [4] and [5] in the Appendix, and used in preparing the 
dotted-and-dashed curves of Fig. 28). 

The effect of the thickness of the structural members be- 
tween windows requires some different treatment, for it in- 
volves something more than the relation of glass areas to opaque 
areas in the window wall. A convenient method proposed by 
Brown’ takes account of the relation of window width to wall 
thickness and of the light-reflecting qualities of the jambs, but 
appears to be defective in that it disregards the distance of the 
window wall from the point for which we are predicting the illumi- 
nation, and disregards also the width of the piers. A graphical 
method based upon the fundamental theory (Equation [2] in 
the Appendix), which ignores light reflected from the jambs 


TABLE 1 TYPICAL EFFECT OF CHANGING ARRANGEMENT 
OF WALL PIERS 


(As indicated in Fig. 3) 


Column Illumination in foot-candles at station 

ment Cale Test Calc. Test Calc Test 
A 27.8 24.8 8.3 10.7 2.8 3.3 
B 14.3 14.1 4.8 6 ff 4 2.1 
e 23.7 22.9 5.8 8.5 2.0 2.6 
D 22.6 20.6 5.3 6.2 5.2 2.0 


“Report (I.E.R. 1839) on ‘‘Window Brightness and Illumi- 
nation,” by F. A. Benford, to Illuminating Engineering Laboratory, 
General Electric Co. 
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but takes account of all other factors, was applied in one instance 
to compare the lighting effects of several different arrangements 
of the same total width of columns and same total width of 
glass in walls of the same thickness, as indicated diagrammatically 
in Fig. 3. Then scaled models of these arrangements were 
tested with an artificial sky in the laboratory. 

These results indicate that even when the total amount of 
wall area given to piers or columns, and the amount devoted to 
glass, remains unchanged, the illumination, particularly at 
points relatively close to the window wall, depends upon the 
manner in which these total spaces given to columns and to 
glass are subdivided and arranged. They indicate also that the 
predictions were fairly close to the actual values of illumination, 
and that the predicted are likely to be less than the expectable 
actual values. A good part of the discrepancy between pre- 
dicted and test values in Table 1 is directly traceable to differ- 
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ences between the actual brightness distribution of the artificial 
sky and the ideal distribution assumed in the basic formulas. 

Apparently there exists a widespread belief that, even if the 
ratios between glass area and floor area and between room depth 
and window height be satisfactory, the daylight illumination of 
the interior will not be satisfactory if the opaque columns or 
mullions exceed a certain width. This belief has worked itself 
into building regulations of many communities, particularly the 
ordinances governing school buildings, so that architects often 
find themselves restricted in an irksome way. This has been 
investigated experimentally,"* keeping the number, width, 
height, and area of windows constant in a model room while 
varying the width of opaque columns between windows. It was 
found that, even in the worst case tested (columns 3 ft. wide, 
between windows 5 ft. 8 in. wide) the least illumination at a 
point 3 ft. back from the window wall in the “shadow” of a 
column is at least four times as great as the illumination at the 
place farthest from windows where pupils must work (25 ft. 
back from windows extending to 12 ft. above the working plane). 
Both the uniformity of illumination and the ratio of useful light 
on horizontal working plane to light entering the windows, are 
quite distinctly best when the windows are about four times as 
wide as the opaque columns between them. The regulation 
which hampers architects may result from an illusion that 
the dark space which stands out so clearly between windows 
as one looks at them denotes a corresponding region of diminished 
illumination on the working plane. This does not follow, however, 
on account of the diffuseness of the light admitted by the windows. 
The finding that this particular regulation is unreasonable suggests 
that it might be desirable to submit other building regulations 
to similar critical examination, with a view to either putting 
them upon a sound basis or eliminating them entirely. 
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Errect oF IN Roors: Monitor, SawToors, 
AND OTHER TYPES 


The single-story building which is so large that windows in 
the roof must be used to furnish adequate daylighting and venti- 
lation for the interior that cannot be properly served by the 
side-wall windows, furnishes some of the most important prob- 
lems met in this new science of “designing buildings for day- 
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light.” Since this paper presents a method whereby any case 
may be investigated, it will be considered sufficient to review the 
significant papers already published. 

With side-wall windows on one side only, the working space is 
limited to a distance back approximately three times the height 
of the windows, if they are kept relatively clean (Figs. 4 and 5); 
if they are washed only every six months, this distance will be 


reduced to two times the height.” When a building is lighted 
from side-wall windows only, the glass area should not be less 
than 30 per cent of the floor area. The minimum illumination 
increases more than in simple proportion to the height of the 
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windows, it being the upper part of the window particularly which 
affects the places far back where daylighting is minimum (Figs. 
4-7). When there is a monitor, the total glass area in it and the 
side-wall windows should be about 30 per cent of the floor area; 


” “Designing for Daylight,” W. C. Randall. Trans. I.E.S., July, 
1927, pp. 607-630. 
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this percentage could be reduced to 25 per cent if the window- 
washing intervals were not longer than four months (Figs. 8 and 
9). The maximum daylight illumination in a building increases 
less than in direct proportion to the window area; the minimum 
will, generally, increase more than in simple proportion (Figs. 
10 and 11). Best daylighting with monitors generally results 
from making the monitor half as wide as the building (or as the 
floor space per monitor where the building has several parallel). 
Narrow monitors should be widened if possible. (Figs. 12 and 
13.) The higher illumination values obtained from sloping win- 
dows are only maintained by keeping the glass relatively clean; 
with normal dirt collection, there is not much choice between 
vertical and sloping windows (Figs. 14 and 15). Fig. 16 illus- 
trates how the daylighting predicted for a given design of building 
for storage and repairs of motor busses, checked with the illumi- 
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Fig. 12. Errecr oF Span oF Monitor on Distrispution or Day- 
LIGHTING, Usinc VERTICAL WINDOWS 
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Fie. 13. Errect oF Span oF Monitor ON DISTRIBUTION OF Day- 
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nation measured on a rainy day with sky approximating closely to 
the brightness asumed in making the prediction. Fig. 17 repre- 
sents a typical railroad shop. Analysis showed the “light ma- 
chine shop” region under the lowest portion of roof to be low in 
daylighting; the reason is apparent when one looks at the 
section, since light must come from the distant windows in the left 
side wall. A comparison was made of the effect of introducing 
sloping windows in an A-frame, and vertical windows in a rela- 
tively narrow monitor, and the latter was adopted.” 


The general principles for design of roof fenestration, developed 
by this investigation, appear to be: Windows higher from the floor, 
as they approach the center longitudinal axis. It may be desirable 
on account of the width of the building, or other conditions, to have 
more than one axis. Equal areas of windows parallel and perpen- 
dicular to the longitudinal axis or axes. Relatively flat roof surfaces. 
The fenestration illustrated in Fig. 18 embodies these principles, 
and appears to present the following advantages: Maximum possi- 
bility of producing uniform daylighting; shadows practically elimi- 
nated; height of windows adjustable to produce almost any desired 
illumination; outside of windows accessible from roof for washing, 
and provision made in construction to facilitate washing inside of 
windows; flat roofs give least obstruction to direct light from win- 
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dows and do not involve dependence upon painting inside surfaces 
to reflect light.?° 


The sawtooth is one of the favorite roof types. The sawtooth 
windows are usually oriented so as to exclude direct rays of the 
sun from the building as far as possible, and the daylighting is 
therefore due almost entirely to light coming directly through 
the windows from the sky, or to sunlight and skylight reflected by 
the roof surface adjacent to each sawtooth, or to reflections from 
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Fic. 16 Comparison oF PREDICTED AND AcTUAL DAYLIGHT 
IttuminaTions. Dotrrep Line Represents MEASUREMENTS 
IN Buiipine 


the interior surfaces of the building. Considering here only the 
first of these effects the following quotations present a digest: 


Increase in the span of the sawteeth decreases the minimum 
illumination almost in proportion as the span increases, has little 
effect on the maximum illumination, and therefore decreases the 
ratio of minimum to maximum or makes the illumination less uni- 
form.*!— With clean glass, sloping the windows away from vertical 
increases both the maximum and minimum illumination, but with 
increasing periods between cleanings this advantage disappears 
because of faster accumulation of dirt on sloping windows, as illus- 
trated in Fig. 19. For practically all of the United States, the 
windows should be placed vertical, if sunlight is to be excluded during 
the average working day. For southern localities, additional means 
may be provided to exclude sunlight, as perhaps a glare-reducing 
coating on the glass. Increase in the height of windows will in 


21 “Sawtooth Design—Its Effect on Natural Illumination,” W. 
C. Randall. Trans. I.E.S., March, 1926, pp. 241-272. 
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general increase the maximum illumination on the horizontal working 
plane, approximately in proportion to the increase of height. There 
is a somewhat more than proportional increase in minimum illumi- 
nation. Painting the underside of the roof so as to reflect more light 
influences the illumination relatively little in comparison with wash- 
ing the windows. Much more can be accomplished by improving 
the light-reflecting value of the outer surface of the roof as far as 
practicable. As the height of the sill of the window is increased 
the maximum illumination on the horizontal working plane is de- 
creased and, within reasonable limits, the minimum is increased and 
the uniformity improved. Glare-reducing coatings, shades, etc., 
can be used not only to cut down glare, reduce heat, and improve 
uniformity of illumination, but also make it possible to face windows 
otherwise than northward. By their use light without glare can be 
obtained in summer months. In the winter months, the glare re- 
ducer can be removed, and additional illumination can be had when 
the direct sunlight is not so objectionable.?! 


Provided that either interior or exterior roof surfaces are dark 
colored, the opposed sawtooth is more efficient than the ordinary 
sawtooth roof in respect to direct sky illumination, but is subject 
to excessive direct sunlight. On the other hand, the ordinary 
sawtooth, provided the interior and exterior roof surfaces are light 
colored, is 30 per cent more efficient than the opposed sawtooth 
design and is subject to no direct sunlight on the average day of the 
year. These examples illustrate certain relative advantages and 
disadvantages for the particular designs and orientation of building 
assumed. They have to do largely with the amount of illumination 


attention both in the United States**:** and in England,**.* and 
the authors have access to considerable amount of unpublished 
data already accumulated.** The following extracts have been 
selected from the American papers: 


Correctness in the design of daylighting equipment is of more 
importance than in the design of artificial lighting equipment because 
of its permanence.??. Daylighting equipment consists of location 
of buildings, width of buildings, story heights, size and location of 
windows, types of windows, glass, shades, interior painting, and 
maintenance of cleanliness of glass and paint... . . Changing the type 
of windows is quite expensive; increasing the area of windows is 
very expensive; and change in story height, width of building, or 
location of building is impossible without rebuilding the structure... . . 
Coincident with the increasing use of reinforced concrete came the 
introduction of steel windows, thus commencing the type of building 
known as the ‘Daylight Factory.” As reinforced concrete changed 
from the beam and girder to the flat-slab type, the importance of 
height of windows and particularly the need of locating glass at the 
highest point possible against the flat ceiling became evident.** 


In U-shaped industrial buildings, for a given width of court and 
window height, the minimum illumination on the first, third, and 
fifth floors may be only 52, 59, and 74 per cent, respectively, of the 
minimum on the seventh or top floor which has practically un- 
obstructed sky view. The corresponding figures for maximum 
illumination, considered to be at a point 10 ft. in from the court side 
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admitted through the lighting area rather than with its distribution. 
Evenness of distribution, however, within the working space is 
plainly a vital consideration. With roof fenestration this is com- 
paratively easy to obtain by properly apportioning the lighting areas.‘ 
An essential difference between roof and wall lighting is the directional 
feature. The former, like the sky, ordinarily furnishes illumination 
from various directions, the average having a very appreciable vertical 
component. It is, consequently suitable for lighting horizontal as 
well as vertical surfaces. Side-wall illumination, however, is often 
seriously deficient in components needed to properly illuminate 
horizontal surfaces. Unfortunately only one story of a building can 
ordinarily be lighted through the roof. For a given building the 
use of a small number of large-sized lighting areas as against a greater 
number of smaller units results in increased daylight due to fewer 
number of valleys and curbs, and, consequently, less proportionate 
obstruction.‘ 


Errect or Licur Courts tv Moutti-Strory Burupines or “E”’ 
AND “H”’ SHAPE 


A type of building has been developed with open or unroofed 
spaces either partially or entirely surrounded by the wings of 
the building. The sacrifice of so much useful and valuable 
floor space for this purpose has been seriously questioned. Ob- 
viously the correct analysis of such a problem, as also the problem 
of relative value of various portions of the floor area receiving 
different amounts of natural illumination, demands a consider- 
able amount of technical knowledge of daylighting such as this 
paper aims to make available. The light court is receiving 


Low Roor Bay 


of the building, may be 35, 61, and 86 per cent, respectively, of the 
top or seventh floor maximum. If another wing be added beside 
the U forming an E-shaped building, the figures become: _ first 
floor : third floor : fifth floor : seventh floor = 24:33:51:100 for 
minimum, and 32:60:85:100 for maximum illumination. Increasing 
the court width over a range from 60 to 220 ft. in a seven-story build- 
ing 135 ft. high, we find that the minimum illumination is multiplied 
by 7/4 on the first and third floors, by 5/3 on the fifth, and by 5/4 on 
the seventh floor. Closing a U-shaped building so as to form a 
completely enclosed court, it was found that the ratio of illuminations 
on the first, third, fifth, and seventh or top floors became: for 
minimum values, 42:56:71:100, and for maximum values 34:59:- 
80:100. The per cent reductions in illumination on each floor due 
to changing the shape of the building from U to O were as follows: 
first floor : third floor : fifth floor : seventh floor = 32:21:19:15 


22‘Daylighting in Multistory Industrial Buildings,” Vogel, 
Randall, Martin, and Benford. Trans. I.E.S., Feb., 1928, pp. 129- 
173. 
23 “The Utilization of Exterior Reflecting Surfaces in Daylighting,” 
Randall and Martin. Paper before convention of I.E.S., Sept. 17, 
1928. 
24 Report of Secretariat, Daylight Illumination Committee of the 
International Commission on Illumination, National Physical Labo- 
ratory, Teddington, England. : 

*% “Daylight Illumination in Respect to a Typical Building Site 
in a Large Town,” J. G. West. Paper before International Illumi- 
nation Congress, Sept. 25, 1928. 

2% Extensive experimental investigations by Detroit Steel Products 
Company at the University of Michigan, Department of Engineering 
Research. 
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for minimum, and 8:10:13:6 for maximum illumination; thus the 
minimum illumination suffers most, and particularly on the lowest 
floor. Equal minimum daylight illumination on all floors of E- 
and U-shaped buildings can be attained by increasing the window 
heights and glass areas on the lower floors; for example, in the center 
bay of a particular E-shaped building, increasing the height of the 
first floor windows about 65 per cent will increase the minimum 
illumination until it equals that of the seventh or unobstructed 
floor.?? 


The brightness of the wall of an adjacent building will increase 
as the cornice level of its opposite building is approached. Also 
the entire wall will become brighter as the court widens, and for this 
reason floors that receive only reflected light benefit by the widening 
of the court. In certain cases a more direct benefit is received from 
the light reflected from the glass in the windows of the opposite 
building. . .. . The character of the glass surface in the adjoining building 
(plane, rippled, ribbed, hammered, etc.) has an effect on the dis- 
tribution of this reflected light.....Nearby windows are much more 
effective than distant ones on account of the absence of interference 
from columns, mullions, muntins, and frames, and the action of the 
nearest window dominates the action of the whole line of windows 
in a given wall... .. The presence of large columns in a room materially 
alters the distribution of illumination.....The interior surfaces of 
multistory buildings should be light-colored, particularly in the lower 
stories, when daylighting is obstructed by adjoining buildings. 
Wherever possible buildings should be arranged as separate buildings 
and not connected, as the connection reduces the amount of daylight 
available for a considerable distance either side of the connection. 
The artificial lighting should parallel the daylighting; that is, the 
lamp circuits should be arranged parallel with the windows so that 
the lamps on the line of minimum illumination can be turned on 
first and the others in order as the daylight wanes.?? 


Errect or Winpow ON DAYLIGHTING OF INTERIORS 


All data in this section of the paper refer to clean glass. The 
effects on the distribution as well as the transmission, due to dirt 
such as would ordinarily be found on windows of buildings, are 
treated in another section. 

The amount of light transmitted into the interior of a building, 
expressed as a percentage of that which is available at the outside 
of the window, varies considerably with the direction of rays 
incident upon the glass. When light from a point source such 
as the sun strikes a smooth plane surface, such as clear plate 
glass, a considerable part of it is reflected back out-of-doors, 
varying from 8 per cent for normal incidence, to about 12 per 
cent for incidence at 50 degrees, to 90 per cent at 87 degrees from 
normal.??7_ In such case the amount of light actually absorbed in 
the glass is quite small, the transmission for normal incidence being 
about 90 percent. The transmission for directed light impinging 
normally upon sheet window glass of other varieties than clear 
plate has been found to range from 83 per cent for “rough rolled”’ 
to 63 per cent for prismatic glass.** When the incident light is 
perfectly diffuse, coming from all directions as from a uniformly 
bright hemisphere of sky with its base the sheet of glass, the 
same clear plate glass is found to transmit 84 per cent, while 
for other varieties of window glass the transmission ranges from 
76 per cent to 53 per cent.** Other tests** under perfectly 
diffuse light on twenty-five samples of window glass other than 
clear plate indicate that the transmission may range from 90 per 
cent to 55 per cent, depending on quality of the glass, its thick- 
ness, and perhaps its edge color and the nature of its surface. 
When the light comes from a lune of uniformly bright sky be- 
tween the window plane and a plane 45 deg. from the window, 
the transmission is 77 per cent for clear plate glass 1/, in. thick, 
and ranges from 73 per cent to 34 per cent for other varieties of 
window glass made and tested in England;** corresponding tests 
in the United States on glasses made here show 79 per cent for 


27 “Light and Work,’’ M. Luckiesh, chap. 3, p. 68, 1924 edition, 
D. Van Nostrand Co. 

“The Transmission Factor of Commercial Window Glasses.” 
Technical Paper No. 2, Dept. of Scientific and Industrial Research, 
16 Old Queen St., Westminster, S. W. 1, England. 
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clear plate '/, in. thick, and from 70 per cent to 46 per cent for a 
few varieties of roughed, ribbed, sandblasted, and stippled 
glasses.” 

When sheet glasses have one side smooth and the other rough, 
it often makes a considerable difference which side is out or 
toward the light source; thus, the ratio of percentage trans- 
mission with rough side in to percentage transmission with 
rough side out ranges in the English test,** from 83/81 for nor- 
mally directed light, 76.5/76 for perfectly diffuse light, and 
67.5/67.5 for restricted diffuse light on “rough rolled” glass, to 
63/82 for normally directed light, 68/69 for perfectly diffuse light, 
and 60.5/46 for restricted diffuse light on ‘‘60 deg. prismatic” glass 
1/,in. thick. The results from the corresponding American tests 
on sheets '/, in. thick range from 75/79 for perfectly diffuse light 
and 70/48 for restricted diffuse light on glass with 16 ribs per 
inch arranged horizontally, to 89/83 for perfectly diffuse light 
and 72/75 for restricted diffuse light on one variety of “rough” 


Fie. 18 Suceestep Design or For Day- 
LIGHTING, WirH EquaL AREAS OF VERTICAL WINDOWS ON 
THE Four ELEVATIONS, AND RELATIVELY Fiat Roor 
SURFACES 


It is indicated by the English tests** that when restricted 
diffuse light strikes the windows, as in most buildings, the trans- 
mission is in general less when ribs, flutes, or prisms on the glass 
run vertically than when they run horizontally, if the rough 
face of the glass is inside, and that this situation is likely to be 
reversed if the rough face is out toward the sky. When the 
flutes, ribs, or prisms are not symmetrical, the transmission may 
be changed as much as in the ratio 46/65 by reversing the 
“cutting edge’ of their sawtooth cross-section, while still keeping 
them horizontal. 

The effect of window glass upon distribution of illumination 
in the interior of a building has been indicated to some extent by 
two recent publications.***” The work of Hobbie and Little™ 
appears to show that the distribution of illumination on a hori- 
zontal plane in the interior may be markedly different for various 
types of window glass when the direct rays of the sun strike the 
glass, particularly when the sun’s altitude is low, but that there 
is no great variation due to difference in the glass when light 
comes to the windows from the sky only, particularly when the 
sky extends unobstructed to the horizon. Thus, in testing seven 
different varieties of glass they found the range of minimum illumi- 
nation on horizontal plane, other things being equal, to be as 
follows: 


With sun’s altitude 69 deg., sky from zenith to horizon: from 0.26 
to 0.36 

With sun’s altitude 25 deg., sky from zenith to horizon: from 
0.97 to 1.79 


2” “Transmission of Light Through Window Glass,” Hobbie and 
Little. Trans. I.E.S., March, 1927, pp. 258-272. 

» “Treating the Window to Conserve Daylight,’’ H. H. Higbie. 
Paper before convention of Illuminating Engineering Society, Sept. 
17, 1928. 
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from 


With sun's altitude 69 deg., sky from zenith to 45 deg.: 
0.21 to 0.30 

With no sun, sky from zenith to 45 deg. from 0.069 to 0.086 

With no sun, sky from zenith to horizon: from 0.149 to 0.182. 


These authors make a few general statements: 


The glasses which distribute the light only horizontally (vertical 
ribs or prisms) will therefore function more nearly like plain window 
glass than those which either distribute vertically (horizontal rib 
or prisms) or diffuse the light. The glasses which distribute ver- 
tically and not horizontally allow the least light to fall near the win- 
dow and throw the greatest amount to the back of the room. With 
a dark floor the horizontal ribbed glasses throw the greatest amount 
of light into the back of the room.....Some types of glass may be 
better in winter and others in summer; some better for sun at low 
altitude, others for sun at high altitude; some better with ceiling, 
walls and floor of high reflection factor, others better with ceiling, 
walls and floor of low reflection factor.” 
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Fie. 19 CHARACTERISTIC DISTRIBUTIONS OF DAYLIGHT IN Saw- 
Toots Winpows VERTICAL AND 30 Dea. From 
VERTICAL, SHOWING EFFEecT oF Dirt ACCUMULATIONS ON 
GLass 


A later investigation,” also involving the use of scaled models 
of buildings with artificial sky under controlled conditions, gave 
rise to the following conclusions: 


The five varieties of glass tested differ among themselves very 
materially with respect to their effects on the illumination in a room 
at least under the restricted diffuse light, or particular obstructed 
sky conditions, used in these tests, which however are believed to be 
typical of ordinary situations of buildings; thus, considering mini- 
mum illumination, the range is represented by the ratio 0.673/0.310, 
and with respect to uniformity (ratio of minimum to maximum 
illumination on horizontal working plane) by the ratio 0.324/0.117..... 
Filling the window opening with clear plate glass results in lowering 
the minimum illumination at the rear of a particular room by 42 
per cent. In the tests on roughened (ribbed, stippled, or sand- 
blasted) glasses the illumination is generally materially better with 
respect to both quantity (minimum foot-candles, on horizontal 
plane, at rear of room) and uniformity (ratio of minimum to maxi- 
mum), to the extent of from 10 to more than 100 per cent better, 
when the smooth side of the glass is toward the light source (sky) 
than when the smooth side is inside toward the room.....All of the 
glasses tested appear to cause a serious loss in the critical or minimum 
illumination, ranging from 30 to 70 per cent of that which could be 
had from the clear unglazed window opening. With respect to 
uniformity of illumination, it appears that some glasses give a better 
and some a worse result than a clear unglazed opening. Those 
which improve the uniformity are usually the roughened glasses 
with rough surfaces inside, and this, fortunately, is the same arrange- 
ment which makes for better minimum illumination. 


The brightness of the windows, and their effect in producing 
glare and depression of visual function, becomes a serious con- 
sideration whenever we contemplate putting any other than 
clear glass in the windows. An authority has recently issued 
the following pertinent statements:*! 


31 “Contributions to the Lighting Art From Researches on Light 
and Vision,”’ M. Luckiesh. Paper before International Illumination 
- Congress, Saranac Inn, N. Y., Sept. 26, 1928. 


It has been established that the reduction of visibility by glare 
is practically entirely a function of the intensity of illumination of 
the eye due to the glare source, other conditions remaining constant. 
For glare sources at a certain location, the reduction of visibility is 
a function of the candlepower of the glare source in the direction of 
the eye. It is not due to brightness of the glare source but to bright- 
ness times extent of the source. This seems to hold within wide 
limits of size of source. In so far as our measurements of discomfort 
indicate, this is not only a function of intensity of illumination due 
to a glare source, but also of the brightness of the source... ..The 
effect of angular displacement of the glare source from the line of 
vision has been satisfactorily determined. The reduction of visi- 
bility by glare falls off rapidly as the glare source is removed from 
the line of vision, becoming only a few per cent at an angle of 30 
deg., of the value at an angle of 5 deg. from the line of vision.™ 

The peculiar importance of these statements with respect to 
daylighting is due to the facts that the outlook through windows 
upon sky or sunlighted building fronts is often of a brightness 
exceeding the recommended or prescribed** upper limit for light 
sources as close to the floor as windows are; that the windows are 
of relatively large area as well as close to the line of sight, and 
are in the field of view for long periods of time; and that the 
illumination upon the eye produced by the windows (which are 
usually vertical or approximately so, and parallel to the eye 
opening), is considerably greater than should be produced by 
light sources of the same total candlepower distributed over the 
ceiling as in artificial lighting. Abundant data are available on 
the brightness of sky and other things usually seen through 
windows.®!4 The extent to which the brightness of windows 
as viewed in various directions may be altered by use of different 
kinds of glass is demonstrated by measurements to be con- 
siderable, and common experience proves it to be capable of 
producing glare and discomfort in many cases when sunshine 
falls directly upon the glass. Ideally, if other than clear glass 
is used, it should be such as to throw sun rays upward toward 
the ceiling at the rear of the room, thence to be diffusely reflected 
toward the working plane farthest from the windows where the 
illumination is minimum. 

Avoidance of glare during daylight hours requires that the 
work be oriented with respect to the windows so that the daylight 
comes from the left only or from the back, or from rear and left. 
People should never be required to face windows unless these be 
equipped with Venetian blinds or other controls, properly ad- 
justed. 

The glass in windows usually alters the spectral character of the 
daylight passing through them into the interior of a building, 
in a manner which might be but is not necessarily detrimental 
to the health of the occupants of the building. In addition to 
this incidental effect of ordinary glasses which have not been 
especially intended or designed to produce it, engineers and 
architects have to consider also the qualities of a rapidly growing 
class of glasses in which such qualities are claimed to have been 
deliberately produced Recently this subject has been treated 
quite frankly in publications from which the following pertinent 
statements are extracted 

In view of the fact, that, as a rule, only the hands and faces are 
exposed to light, it does not seem urgent to replace our house and 

32 Revised ‘‘Code of Lighting: Factories, Mills, and all other Work 
Places,” presented at the twenty-second annual convention _of 
Illuminating Engineering Society by its Committee on Lighting 
Legislation, Sept. 19, 1928. ; 

38 Bibliographies on “Glass and Glass Substitutes,” on “Light 
and Health,” and on “Daylighting,”’ issued by the U. 5. Public 
Health Service, Office of Industrial Health and Hygiene, Wash- 
ington, D. C. 

34 “Spectral Characteristics of Light Sources and Window Ma- 
terials Used in Therapy,”” W. W. Coblentz. Trans. I.E.S., March, 
1928, pp. 247-301. 

% ‘The Effect of Solarization Upon the Ultraviolet Transmission 
of Window Materials,"”” W. W. Coblentz and R. Stair. Paper at 
I.E.S. Convention, Sept. 18, 1928. 
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office windows -by the expensive new glasses that have a high trans- 
mission of the short wave-length ultra-violet rays.*4 It probably 
would be cheaper, easier, and more effective to take a light bath by 
exposing the body to the radiation from a mercury or carbon are 
lamp for five or ten minutes before dressing in the morning. How- 
ever, the usefulness of such glasses for windows of solariums, sun 
parlors, in hospitals, etc., where the nude or partially nude body can 
be exposed is admittedly an important step forward in light ther- 
apy.....From the fact that we have lived, fully clothed and in health 
all these years, it would appear that it requires but a small amount 
of these ultra-violet ‘vitalizing’ rays (290 to 320 millimicrons wave 
length) to keep us in health; and that, until we know more about 
the biological effects of excessive amounts of ultra-violet rays, it 
would be wise to be cautious in exposing our food, as well as our 
bodies, to them.*4 

Judging from the published biological results and from the trans- 
missive properties of organic and inorganic substitutes for window 
glass, it appears that, until biological experiments demonstrate 
that a lower transmission will answer the purpose, a fair and reason- 
able requirement is that the substitute for ordinary window glass 
shall have a transmission of not less than 15 per cent of the incident 
radiation at the wave length 290 millimicrons, and not less than 30 
per cent at the wave length 310 millimicrons.....Another important 
item is the demonstration that all these glasses decrease in trans- 
mission at 260 to 360 millimicrons when exposed to ultra-violet radia- 
tion. This decrease in transmission is of the same nature whether 
the glass is exposed to the sun, or to the mercury or carbon are lamp. 
The drop in transmission is quite complete after a few hours’ exposure 
to the are lamp, or (in the case of some of the glasses), after a few 
weeks’ exposure to the sun.*%% 

It appears that these glasses fall into three distinct groups: (1) 
Quartzlite and window glass, which transmit little or no ultra-violet 
in the region of 297 to 310 millimicrons; (2) Vitaglass, Helioglass 
and Holviglass, which transmit considerable radiation at 302 milli- 
microns; and (3) Corex, fused quartz, and Locke glass, which trans- 
mit over 85 per cent at 302 millimicrons.....Unfortunately, in most 
of these glasses—a slight variation in thickness produces a great 
change in transmission of these rays. For example, for glasses 
having a transmission of 40 to 50 per cent (at, say, 302 millimicrons) 
a variation in thickness of 0.1 mm. produces a change in transmission 
of 1.2 per cent. Since these glasses are hand-blown, a variation of 
0.5 mm. (or 6 per cent in transmission) is frequently found in a 
single sheet of window glass. The use of thick ('/«in., wired) glass 
for safety is objectionable since it transmits only 3 to 5 per cent at 
302 millimicrons for glasses of Class (2). Safety may be obtained 
by using single-thickness glass backed by a l-cm. wire mesh which 
shuts out about 10 per cent of the light... . .It requires but little dust 
and dirt to reduce the transmission by 40 to 50 per cent. For ex- 
ample, two samples of glass which had been used as windows in an 
animal house for three months, and which transmitted 17 and 24 
per cent, respectively, at 302 millimicrons before washing, increased 
in transmission to 28 and 40 per cent, respectively, after washing, 
showing the importance of keeping the windows clean.. . . . It is evident 
that the windows must be kept clean in order to obtain beneficial 
results, especially in northern latitudes and in smoke-laden cities 
where the ultra-violet solar rays are almost entirely absorbed, and 
especially in the winter time when most needed.*® 


Another type of glass, generally of an amber color and known 
as “actinic glass,’ is claimed by its manufacturers to reduce or 
eliminate the transmission of infra-red or heat radiation as well 
as of ultra-violet radiation, and to be therefore particularly useful 
for windows of interiors containing materials that are likely 
to be deteriorated chemically and physically (faded, and weak- 
ened or ‘“‘rotted’’), by heat and chemical action induced by the 
radiant energy received. It is also claimed that they reduce or 
eliminate glare from the windows. Published data concerning 
such glasses are very meager; considering that the functions 
claimed to be performed by them are also performed in fair 
measure by ordinary window glass, and that their transmission 
of visible light is usually much less than that of ordinary glass, it 
may be seriously questioned whether the use of them is advisable 
in Many cases. 


Errect or Dirt on Winpow 


The light transmission of window glass decreases as time of 
exposure to dirty atmosphere increases, as illustrated in Fig. 
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20, under typical factory conditions.** The decrease is most 
rapid during the early part of the period. The light trans- 
mission of window glass decreases with increase of slope of glass 
from vertical, other things being equal, due to more rapid accu- 
mulation of dirt. Thus, with a six months’ accumulation under 
typical factory conditions, we may find that the transmission 
varies from 45 to 50 per cent with glass vertical, to perhaps 25 
to 30 per cent with glass set 30 deg. from vertical, whereas imme- 
diately after cleaning it might be approximately 80 per cent for 
either slope. Equal increments of the angle to vertical do not 
correspond with equal decrements in the transmission factor, 
however, the effect of changing the slope being greater when the 
glass is nearer vertical. Some tests indicate that the light ab- 
sorption may vary approximately in proportion to the projected 
area of the glass on a horizontal plane, or as the sine of the angle 
the glass makes with the vertical.*7 

There is little difference among various types of window glass 
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Fic. 20 Amount or Ligut TRANSMITTED BY WINDOWS, AS PER CENT 
or Wuicu Is AvAILABLE, Is MARKEDLY REDUCED BY 
ACCUMULATIONS OF Dirt, PARTICULARLY IN THE First 
Few Weeks Arrer WASHING THEM, AS SHOWN By BoTH 
Fietp Tests anp Lasoratory EXPERIMENTS 


in the decrease of light transmission due to dirt accumulations in 
the same period of time (other things being equal, such as atmos- 
pheric conditions, and slope of glass), but it is to be noted that 
some types of glass are more difficult to clean than others. On 
the average about three-quarters of the light absorption is due 
to dirt on the side toward the room. It follows logically that 
if windows are to be washed but once a year, as is often the prac- 
tice, this should be done in the autumn so that they shall be 
serving most efficiently when the daylight is least abundant, as 
in winter. Washing only the side toward the room may be done 
conveniently oftener than it is customary to clean the entire 
window, resulting in a marked increase in the average daylight 
illumination of the interior.** Dry dust and smoke can be 
removed sufficiently with a damp cloth, provided the window be 
washed at every second or third cleaning; oily dirt and grease 
may be removed by a thorough washing with soap and water, 
though often they yield more easily to some cleaning agent such 
as Bon Ami, Old Dutch Cleanser, Skybryte, or Oakite; paints, 
tars, and pitches may require an organic solvent such as acetone, 
fusel oil, or benzol. Tests have shown that a type of glass claimed 
to be “self-washing”’ (such as a corrugated sheet sloped so that 
% “Making Your Windows Deliver Daylight,” 
Martin. Trans. I.E.S., March, 1927, pp. 239-257. 
37 “Depreciation of Lighting Equipment Due to Dust and Dirt,” 
Anderson and Ketch. Trans. I.E.S., January, 1924, p. 64. 
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rain runs off along the corrugations) requires cleaning fully as 
much as other glasses.** 

It is probable that the effects of dirty glass on the distribution 
of illumination and on the minimum illumination in a room are 
often different from the effects of the dirt on the total quantity 
of light transmitted by the window, on account of variation in 
the sky angle and in the refracting and reflecting properties of the 
glass when coated with different kinds of dust and dirt either 
adherent or non-adherent. Unpublished investigations** tend to 
show that the uniformity (ratio of minimum to maximum illumi- 
nation in a room) is generally better when the glass is dirty than 
when it is clean, the change ranging for the conditions of these 
tests, from 0.338/0.326 to 0.243/0.196, while the ratio in which 
the minimum illumination is reduced by the dirt ranges, corre- 
spondingly for the same samples of glass and environment, only 
between 0.74/0.96 and 1.00/1.31. 


Errect oF Licut REFLECTION From CeEILines, WALLS, Roors, 
FLoors, AND STREETS 


The indirect component of illumination contributed by reflec- 
tions from the bounding surfaces of the enclosure (ceiling and 
‘ walls) may be either ignored as furnishing a factor of safety to 
compensate for depreciation due to deterioration of the lighting 
equipment and of the reflecting surfaces, or it may be allowed 
for by use of a factor based upon comparison of tests with 
predicted values for similar installations, or it may be computed 
by means of formulas somewhat similar to those developed for 
our work with windows.** In the simpler and more rapid flux- 
of-light or efficiency method,* the total illumination, including 
both direct and indirect components, is estimated in a single 
‘operation; the method elaborated by Friihling" is of this type, 
and Friihling’s paper contains specific data on the effects of wall 
painting: 
_ The less direct skylight a point in the room receives, the greater 
is the share of the light flux reflected from the ceiling and walls. 
At points that do not receive any direct skylight at all illumination 
is effected by the reflected light coming from the adjacent house 
fronts and the walls of the room. The amount of reflected light 
flux is naturally the greater the better the reflecting power of ceiling 
and walls. The lighter, therefore, the painting of the wall, the greater 
the illumination at points near the rear wall, while the maximum 
illumination in the neighborhood of the window is thereby not affected 
at all. Uniformity of illumination accordingly increases with in- 
creasing reflectibility. Measurements of the distribution of illumi- 
nation in two rooms of approximately the same dimensions, window 
area and mean illumination on the horizontal plane, showed for 
black walls and ceiling a uniformity of 1:336, while the second room 
with light gray walls, white ceiling and white frieze possessed a 
uniformity of 1:71, which is a more than four times more favorable 
value. 


It is significant that the “room efficiency” increased, as should 
be expected, at the same time from 0.385 to 0.46, this term 
signifying the ratio of total useful light upon the horizontal 
working plane or floor to the total light flux entering the room 
through the windows. The uniformity is defined as the ratio 
of minimum to maximum illumination on the working plane." 
In some unpublished investigations, the minimum illumination 
on the horizontal working plane at the rear of a particular room 
was increased from 1.4 to 3.4 foot-candles simply by repainting 
the rear wall only (parallel to the window wall) a cream color 
reflecting 78 per cent of the light incident upon it, instead of a 
dead black reflecting about 5 per cent; the ceiling meanwhile 
was a white reflecting 90 per cent, while the upper two-thirds 
of the sidewalls was cream color, reflecting 78 per cent and the 
lowest one-third was dead black, reflecting 5 per cent. At the 
same time, the average illumination in the room was increased 


Mathematical Theory of Finite Surface Light Sources,” 
Bassett Jones. Trans. I.E.S., April, 1909, and May, 1910. 


only from 9.8 to 10.1, indicating that the improvement of illumi- 
nation due to refinishing the rear wall does not extend far into 
the room. 

Other data on this particular effect result from the fact that a 
series of tests® on a scaled model of a typical school room with a 
particular sky angle, was repeated** under conditions that were 
as nearly the same as they could be except that the rear wall 
of the model was repainted all over with a cream color of 78 per 
cent reflection coefficient. The result of this was to increase the 
minimum illumination at the rear of the room by from 36 to 87 
per cent, depending upon the kind of glass in the windows, 
while the illumination at a particular station near the window 
wall approximately where it was maximum, was increased in no 
case more than 18 per cent. The uniformity ranged from 0.117 
to 0.324 before repainting the rear wall, and from 0.196 to 0.462 
after. 

Data given so far on the lighting effect of repainting the interior 
have pertained only to rooms receiving all their light through 
side-wall windows. In a number of tests on scaled models of 
sawtooth buildings,** covering twelve combinations of two 
slopes and two heights of window with three different building 
heights, the increase of illumination due to changing all the 
interior surfaces from a dull black (3 per cent reflection of light) 
to a white of 75 per cent reflection was found to range up to 
33 per cent and average 12 per cent for minimum values, and to 
range up to 35 per cent and average 15 per cent for average illumi- 
nation, when the span or distance between sawteeth represented 
40 ft. The corresponding figures for twelve combinations all 
having 20-ft. span were: increases range up to 33 per cent and 
average 21 per cent for minimum illumination; range up to 42 
per cent and average 28 per cent for average illumination, all 
reduced to basis of unchanging window brightness. 

In these tests of scaled models** it was found that refinishing 
the outside surface of a sawtooth roof ina lighter tone had a much 
greater effect in improving the interior illumination than re- 
finishing the inside surface. A roof of high reflecting value might 
appear from inside to be almost as bright as the sky which it 
hides, and much brighter than that sky when sunshine falls directly 
upon the roof. It ought to be practicable to make use of this 
fact, as by covering roofs with white pebbles attached by means 
of tar orcement. In four tests of sawtooth construction covering 
combinations of two heights of window (6 ft. 8 in., and 13 ft. 4 in.) 
with two slopes (0 and 30 deg. from vertical), all with 40-ft. 
span, it was found that changing the roof from 3 per cent to 
75 per cent reflection coefficient caused increase of illumination 
ranging from 38 to 48 per cent, averaging 45 per cent, in minimum 
foot-candles; and 16 to 30 per cent, averaging 24 per cent, in 
mean foot-candles. The corresponding data for 20-ft. span 
were 21 to 56, averaging 42 per cent, for minimum, and 14 to 
52, averaging 32 per cent, for mean foot-candles.*¢ 

The advantage of having exterior surfaces of a building finished 
so as to reflect natural light efficiently appears even more in 
multi-story than in single-story buildings.** Recently pre- 
sented data on this subject indicate that at a station near one 
corner of the lowest floor in the long side of a totally enclosed 
court, where the effect of changing the reflecting value of court 
walls is greatest, the illumination may be 19 times as much when 
the court walls are white (82 per cent reflection coefficient), as 
when they are black (5 per cent reflection), or 9 times as much 
when the walls are white as when they are gray (55 per cent re- 
flection). When the court is open at both ends, like two parallel 
buildings on a street, the illumination at a station near the middle 
of the lowest floor in the building may be 5 times as much when 
both walls are white as when they are black, and 1.5 times as 
much when they are white as when they are gray. The im- 
provement of illumination is due almost entirely to the increased 


> 
\ 


reflection from the wall opposite the windows, very little to 
the wall wherein the windows are located. Data are given 
also on the reflecting properties of various materials used in 
facing buildings, showing that (for orange-yellow light, wave 
length 0.60 millimicron) they range from 87 per cent reflection 
for clean glazed white brick, or 81 per cent for clean semi-gloss 
white terra cotta, to 52 per cent for semi-gloss ivory tan terra- 
cotta or matte buff brick, to 12 per cent for matte brown terra 
cotta. The growing tendency to shade the color of the walls 
of buildings from dark at the bottom to a lighter color at the 
top is inadvisable from the point of view of daylighting.** 


EFrrect oF SHADES AND BLINDS 


Even in dull weather the density of unobstructed daylight 
on a horizontal surface out of doors, as on a roof, is more 
than 500 foot-candles, or lumens per square foot, throughout 
most of the normal working hours; in fact, it ranges up to 3000 
foot-candles for skylight only, and 10,000 foot-candles addi- 
tional for direct sunshine, under the most favorable condi- 
tions.'4.'5.'7,18.30 Measurements indicate that even with the 
imperfectly developed means for control and utilization of day- 
light that we have at present, from 30 to 70 per cent of the light 
striking side-wall windows reaches the horizontal working plane 
inside the building;'? unpublished data show that it may be 
somewhat less for roof fenestration. Taking an average figure 
of 50 per cent as reasonable, we find that for each square foot 
of ground-plan area at least 250 lumens of light flux are available 
for distribution upon horizontal planes within the building; if 
means were available to distribute this evenly over only one 
floor of the building we should have 250 foot-candles. But aside 
from and in addition to this we have available the light which 
falls upon the vertical windows of each story of a building. 
Measurements in a particular building indicated that the density 
of skylight only on vertical windows ranged from 60 to 600 foot- 
candles, depending upon the orientation of the windows, their 
height above ground, nature of outlook, and time of day, averaging 
perhaps 300 lumens per square foot of window.'? Allowing one 
square foot of glass to each five square feet of floor area (a usual 
but not a generous provision), we find that the average foot- 
candles on the horizontal working plane due to side-wall windows 
only should be about 300 X 0.2 X 0.5 = 30 foot-candles. If 
we could distribute this available flux uniformly we should have 
minimum and maximum as well as average illumination of 
30 foot-candles, and five to ten times this amount, or more, when 
the sun is shining directly on the windows. But usually the 
available light is distributed very unevenly over the working 
plane because the windows are all in one side of the room, the 
skyward outlook through them is tremendously brighter than 
the groundward outlook, and the depth of the room at right 
angles to the windows is large relative to their height; so un- 
evenly, in fact, that the maximum illumination is from four to 
one hundred or more times the minimum. 

In these circumstances it becomes highly important to study 
how best to control and distribute the natural light available 
at the windows, which usually is sufficient to furnish illuminations 
far in excess of the artificial lighting. It appears we must pro- 
vide means to intercept the light traversing the window opening, 
which has a predominantly downward sky-to-window direction 
that would cause a pronounced maximum illumination near the 
window wall at sacrifice of the minimum illumination near the 
rear wall of the room, and redistribute it so as to send a large 
part either directly toward the working plane at the rear of the 
room, or, better, toward the ceiling from which it should be 
reflected efficiently and diffusely to the working plane at the 
rear. 

This subject of daylight control looms as the most important 
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necessary future development in the science of daylight. Prac- 
tically all of the activity and literature so far have appeared 
in the United States.'?®.39 The only data we know about that 
have been published elsewhere appeared incidentally in Frih- 
ling’s paper, and indicated that with a particular room and en- 
vironment the uniformity was improved from */25 to 4/:2. by use 
of curtains or shades, while at the same time the room efficiency, 
or ratio of light flux on working plane to flux entering windows, 
decreased from 44 per cent to 7 per cent. Friihling states: ‘The 
fact that the efficiency and the mean illumination are decreased is 
of no importance, because usually the curtains are drawn only 
with sunlight when the entering light flux is more than suffi- 
cient,” indicating thereby that he shares the common opinion 
that shades, curtains, and blinds are merely or mainly a means 
for throwing back out of doors or absorbing and wasting a 
large part of the available natural light. Such devices should 
in future be looked upon as means for controlling daylight so 
that it may be utilized to the fullest extent possible and they 
should have much developmental work done upon them with 
that end in view. 

The American work on this subject so far may be summarized 
very briefly as follows: Control of daylight by roller shades 
which cover the upper part of the window is the least desirable 
method. It is better to use shades which cover the lower por- 
tion of the window. It is best to use Venetian blinds, which may 
be operated so as to redistribute the daylight more effectively 
than is yet possible with roller shades or curtains, and to improve 
the visibility in the room by elimination of glare, and improve- 
ment of shadows and uniformity, without corresponding ex- 
cessive reduction of illumination. In some cases the Venetian 
blinds may be adjusted so as to make the illumination at critical 
points actually greater, by at least 5 to 20 per cent, than it 
would be with bare windows. The slats should be finished so 
as to have high light-reflecting power and a matte or dull surface. 
The best adjustment for slope of the slats, for accomplishment 
of this purpose, usually lies between rather narrow limits; con- 
sidering skylight only, this angle has been found to be between 
horizontal and 30 deg. above horizontal as one looks out of 
the room. 

In tests of full-size rooms with natural light,’ pulling the 
roller shades (which transmit from 1 to 23 per cent of the light 
that strikes them) over the upper three-fifths of each window re- 
duced the minimum illumination in the room to 40 per cent of 
what was had with bare windows or no light control; the result 
is half again as good (minimum illumination with shades aver- 
aging 60 per cent of minimum without shades) when shades 
cover the lower two-fifths instead of the upper three-fifths of 
each window; and when the whole of each window is covered by a 
Venetian blind with slope of slats adjusted so as to exclude 
direct sunlight and produce the greatest possible illumination at 
the rear of the room, this minimum may be 70 to 90 per cent as 
much as with bare windows. With respect to the criterion of 
uniformity in the illumination, it appears that shades covering 
the upper three-fifths of each window, shades covering the 
lower two-fifths of the windows, and Venetian blinds covering 
all of each window, are good in proportion to the numbers 1:3:30, 
respectively, while the average illuminations are represented by 
the numbers (room efficiencies) 62:39:26, respectively. 

In laboratory tests,® using ten different shade materials of 
color and density ranging from 3 to 50 per cent transmission, it 
was found that the ratio of minimum illumination with shades 
to the minimum without ranged from 0.16 to 0.42 and the ratio 
of minimum to maximum ranged from 0.04 to 0.11, when the 
upper three-fifths of each window was covered by shades and 


® “Control of Illumination from Windows,” H. H. Higbie. 
I.E.S., March, 1927, pp. 302-330. 
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the lower two-fifths were clear; but when the lower two-fifths 
were shaded and the upper three-fifths clear, the corresponding 
ranges were from 0.66 to 1.13 for the ratio of minimum illumi- 
nation with shades to the minimum without, and from 0.30 to 
0.41 for the ratio of minimum to maximum illumination. 


Appendix 


RECOMMENDED PROCEDURE FOR CALCULATION OF 
DAYLIGHTING 


N FIG. 21, mf is a rectangular window, opening out upon a 
uniformly bright sky or outlook, or it is a uniformly bright 
rectangular portion of a luminous plane surface, making an 
angle @ with the ‘“‘working plane.’”’ The illumination (in foot- 
candles) received upon this working plane at a point P, located in 


Work NG Plane 


Fic. 21 Tue IntuminaTion at Pornt P Uron a Work1InG PLANE, 
Dve To a UNIFORMLY Brigut RECTANGLE mf oF LuMINOUS 
PLANE (oR WINDOW OPENING) WuicH MAKES AN ANGLE 
Wits THE WorkKING PLANE, Is GiveN BY ForMULA [1] 
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Fic. 22 Tue Intumrnation at Potnt P Upon A WorKING PLANE, 
to A Untrormty Bricut RecTaANGLE mf or LuMINoUS 
PLANE (oR WiINDow Wuicu Is PARALLEL TO THE 


WorkinG Prange, Is Given By Formvta [3] 


a line perpendicular to the intersection of the working plane and 
the window plane at one corner of the window, and at a distance 
a from that intersection, is given by formula [1]: 


b fcos¢—a 
E, == tan“? + — 
a? + f? — 2af cos 
m Mm cos 
tan=! + 
Va? + f? — 2af cos ¢ V a’ sin? @ + m? 


{Var sin? @ + =| 


a? + m? — af cos@ 


in which 6 is the brightness of the rectangle in candlepower 
per square foot, and tan~! m/a is expressed in radians. The 
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window is assumed to extend continuously from the working 
plane to a slant height f above it, and to have a dimension m 
parallel to the working plane. 

When the window plane is at right angles to the working plane, 
or when ¢ = 7/2 = 90 deg., [1] may be transformed into the sim- 
pler formula [2], which is suited to prediction of the direct illu- 
mination upon a horizontal plane due to a vertical window, or the 
direct illumination upon a vertical window due to the rectangular 
patch of sky at the top of a totally enclosed court in a building: 


b m (2) 
= | tan“! — — ——— tan“! ——— . (2 
If the window or luminous plane is parallel to the working 


plane the illumination upon the latter at a point directly under 
one corner of the former is given by formula [3]: 


b m 
“1. Vc + c? 


== tan“? [3 


+ 
This third formula is applicable, for example, to the prediction 
of illumination upon a vertical surface due directly to the parallel 
windows in the side wall of a room, or upon a horizontal surface 
within a totally enclosed light court due directly to the rectangu- 
lar patch of sky seen through the roof opening at the top of the 
court, without regard to light reflected from the walls of the court. 

In making a large number of checks of these formulas against 
photometric measurements, not only in the laboratory upon 
scaled models of windows looking upon an artificial sky whose 
brightness could be held conveniently constant throughout 
the period of a test, but also in full-size buildings under a natural 
sky, discrepancies of from 0 to 30 per cent of the theoretical 
value were found, averaging perhaps 10 per cent. Probably the 
chief cause of these discrepancies was the difficulty in deciding 
what single value of sky brightness, or rather of window-outlook 
brightness, should be used as substitute for symbol 6 in the 
formulas. This question will be discussed presently. 

If a perpendicular from the point P to the line of intersection 
between working plane and window plane does not strike one 
corner of the window as in Fig. 21, or if P is not exactly in line 
with one corner of the luminous rectangle as in Fig. 22, the same 
formulas are used because they are simpler and more expressive 
than any others that have yet been devised for that purpose, 
but a special procedure is needed similar to that illustrated in 
Fig. 23. 

By means of the formulas as given, we first calculate the illumi- 
nation on the working plane at P due to each of four luminous 
rectangles, all of them extending to the foot of a perpendicular 
OP, Fig. 23. Let these four values of EF be indicated by the 
pairs of symbols denoting the length and height of the rectangles; 
thus, represents due to rectangle ete. Then, the 
illumination at P due to direct light from the rectangle extending 
from to f; and from to m, is 


— fe) —m) = (Emini — Em2p1) (Emis2 E m2j2) 

Ems + — Em-s2 — TT [4] 
If the window extends to a length m, on one side of the per- 
pendicular OP and to a length m, on the other side, the process 
is similar but the expression would become: 
E(fi —f2)(m + m2) = (Emin — + (Emer — 

Em Em2s2 + Emmi. [5] 


It will readily be seen without further explanation how this 
method should be applied to the case of Fig. 22. 
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Thus, it is seen that even the simplest problem likely to be 
encountered will usually require four distinct applications of the 
formula, with proper additions and subtractions of the partial 
results to find the net result for that window. The amount of 
work may be reduced greatly by the use of curves calculated from 
the formulas, by means of which each term of Equations [4] and 
[5] involves merely the location of a point on the curve sheet, 
this being in fact a method of rapid graphical interpolation be- 
tween the results of computations for specific selected values of 
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Formvutas [4] anp [5], In APPLYING ForMvLas [1] AND [2] TO A 
Distant 


the magnitudes represented by b, m, f, a, ¢, and ¢ in formulas 
[1], [2], and [3]. 

In preparing such curves for practical use, it is desirable first 
to reduce the number of variables involved. Thus, we may de- 
cide to make all curves pertain to a standard sky-brightness or 
window-outlook brightness b, say, 100 candlepower per square 
foot; or better, 160 candles per square foot, corresponding to an 
illumination of 500 foot-candles received upon a_ horizontal 
roof from a complete unobstructed hemisphere of such sky.™. 
We may eliminate another variable by using ratios; thus, if we 
let B represent the ratio m/f, and A represent the ratio a/f, as- 
sume a value of 100 for 6, and 60 deg. for ¢, formula [1] reduces 
to the following: 


B 0.5 B V 0.75 A? + B? 
4/0.75 A? + B? A?+ B?—0.5A 


Assuming now a fixed value for B, say, 10, we can calculate from 
formula [6] the value of E corresponding to each of several 
selected values of A, and from these plot a curve with EF and A 
as coordinates. In this way we can derive a family of curves, 
as in Fig. 24, each curve corresponding to a particular value of B, 
but all of the family pertaining to the same values of b and ¢ 
(100 candles per square foot, and 60 deg., respectively, for Fig. 24). 
We should have a separate family or sheet of curves for each 
value of ¢ likely to be found in practice. The time required to 
predict illumination at seventeen stations along a line for which 
the distribution curve was desired, was found to be about one- 
half hour by means of the curves, whereas the same result 
required six hours of computation directly from the formula. 
Undoubtedly the method can be further simplified so as to 
make the predictions still easier. 


© This value of sky brightness has been adopted as standard by 
international agreement. In the U.S. at latitude 42 deg. north, with 
a completely overcast sky of average density, the brightness may be 
expected to have at least this value between 9 a.m. and 3 p.m. in 
December, between 5 a.m. and 5 p.m. from the end of March to 
the 10th of September, and between 6 a.m, and 6 p.m. in June. 
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ILLUSTRATIONS OF THE METHOD 


The use of such curves will be illustrated by predicting the 
illumination produced directly, by the roof fenestration only, 
in a sawtooth building 200 ft. square, having five sawteeth with 
spans of 40 ft. between, the openings being 10 ft. wide, 200 ft. 
long, and sloping 30 deg. from vertical, with their lower edges 
at a vertical distance of 20 ft. above the working plane. Mea- 
surements of illumination have been made at stations along a 
center line at right angles to the sawteeth in a scaled model of 
such a building. The predictions are easiest for such a center 
line, because it is necessary merely to calculate one value of E, 
at each station, corresponding to m = 100, and double it, whereas 
if a station were not in the center line of the room it would be 
necessary to calculate two values of EZ, for each value of a, and 
add them. 

In Fig. 25 the small diagram at the top represents a cross-sec- 
tion of a single sawtooth. We first find the curve representing 
distribution of the direct illumination due to this sawtooth, and 
then add five such curves in their proper relation to the corre- 
sponding individual sawteeth to find the total direct illumination 
at all points on the horizontal working plane along the center 
line. During the tests which are used here as check upon our 
formula and method for prediction, the brightness of the arti- 
ficial sky corresponded to an emission of 91.4 lumens per square 
foot from the luminous surface. If it be assumed that this 
emission follows the ideal cosine law, the brightness should be 
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Fic. 24 SHowrnc How Work Time May Be Economizep IN 
THE SOLUTION OF Many Propiems, By GRAPHICAL INTERPO- 
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TATIONS BY ForMu tas [1], [2], or [3] 


uniform at all points and in all directions, b = 91.4/r = 29 
candles per square foot. We have also, from the particular 
dimensions used, the following numerical values, for use with 
the formulas or the families of curves prepared from formulas: 


9 
Se = sin 60° = 23.1 ft. 
fi = 23.1 + 10 = 33.1 
B, = m/f, = 100/33.1 = 3.02 
= = 100/23.1 = 4.33 


A, = a/fi = a/33.1 
Ay a ‘fe = a/23.1 


Selecting a numerical value of a corresponding to a particular 
station or point, the corresponding values of A; and A, are deter- 
mined. The value of Z corresponding to Az and B; on our family 
of curves for b = 100 and ¢ = 60 deg. (Fig. 24), is subtracted 
from the value of E corresponding to A; and B,; the difference, 
multiplied by two, is the illumination in foot-candles due to 
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direct light from a single sawtooth, at this station. These pairs 
of values of E and a are plotted as the full-line curve in Fig. 25. 
On the same sheet and to the same scale there is also plotted, for 
comparison, a curve of measurements taken in the scaled model. 
The similarity between predicted and measured curves is much 
too striking to be due to anything but a correct and reliable com- 
putation; we shall see that this similarity becomes even more 
striking when we consider the combined effects of all five sawtooth 
windows in the building, as in Fig. 26, the discrepancies of near 
and far windows apparently tending to be in opposite sense 
and thereby counteracting each other.* 

Having now obtained the theoretical curve for a single window 
or tooth of the sawtooth roof, by means of the formula or more 
conveniently by interpolation on curves drawn through points 
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(The fact that the curve of measured illumination does not come to zero 
at the left as does the curve computed from the formula indicates, and might 
be used to measure, the component due to reflection from light-colored 
interior surfaces of the building.) 


calculated from the formula, we proceed to lay out five of these 
tooth curves each spaced in proper relation to the window which 
produces it; then the arithmetical sum of the ordinates of all 
five of these component curves corresponding to the same ab- 
scissa is determined, and this is the total direct illumination for 
that particular station. When curves similar to the full line 
in Fig. 25 have been so assembled and added, the full-line curve 
of Fig. 26 is obtained as the predicted total direct illumination due 
to all sawteeth in this building when the window brightness is 
uniformly 29 candles per square foot. The dotted or dashed 
line in Fig. 26 shows results of measurements in the scaled model 
of this building when light is entering all five sawteeth, but side- 
wall windows are all covered with black fiber board. On the 
whole, one may be permitted to derive from Fig. 26 great con- 
fidence in these formulas and methods, and this confidence may 
be augmented by assurance that in many cases a close corre- 
spondence has been found between field surveys of natural illumi- 
nation in a building and laboratory tests on a model of the 
building as well as predictions by these methods, as illustrated in 
Fig. 27. 

It is interesting but, in the nature of things, not particularly 


‘1 Some probable reasons for the discrepancy between the predicted 
and measured curves in Fig. 25 are: Departure of the artificial 
sky from ideal brightness distribution assumed in the mathematical 
derivation; cut-off of light from one sawtooth by opaque structure 
between it and the next sawtooth, for which no correction was made 
in this computation; error in measurement of illumination due to 
use of translucent test plate not compensated for specular reflection. 
Were it not for these influences, the dotted line representing measure- 
ments should lie altogether above the full line representing calcula- 
tions, on account of additional indirect component of illumination 
received by reflection from interior surfaces of model building. 


valuable to make checks of this kind against the methods of 
prediction. It is obviously necessary to compare the survey and 
the computation on a basis of equal brightness of windows, but 
in the survey under natural conditions we have to contend with 
the facts that the brightness of different windows and even 
of different parts of the same window are different at a particular 
instant, and also that the brightness of any spot varies from 
instant to instant. These unavoidable concomitants of natural 
light have forced us to make our measurements largely under 
controllable conditions, with models and artificial skies, in the 
laboratory. However, some comparisons with field surveys 
have been made, usually with quite satisfactory results, and one 
such case is presented here for example. 

Fig. 28 refers to a classroom on the first floor of the University 
High School, Ann Arbor, Mich., which receives north skylight 
only from three windows each 4 ft. 3 in. wide extending from 
6 in. to 11 ft. above the horizontal working plane, which was 2 ft. 
6 in. above the floor. There is an opaque mullion 9 in. wide 
between the first and second windows, and an opaque column 
3 ft. 6 in. wide between the second and third windows. The 
illumination measured at stations along a line at right angles 
to the plane of the windows, beginning at the midpoint of the 
column, varies from point to point as shown by the solid line 
curve in Fig. 28. When predictions are made based upon Formula 
[2] for vertical windows, the distribution represented by either 
of the other two curves in Fig. 28 is obtained. In making the 
prediction it is necessary to decide what value of brightness to 
use with the formula; when the average of values obtained by 
sighting the photometer through the upper sash only is used, 
145 candles per square foot, the dashed curve is obtained which 
lies in general higher than the test curve but coincides with it 
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quite closely at the rear of the room. When the average of 
values obtained by sighting the photometer along a number of 
lines through both the lower and upper sashes is used, 89 candles 
per square foot, the dotted curve which lies altogether lower 
than the test curve is obtained. Considering that light re- 
flected from the ceiling and walls must have contributed some- 
thing to the test value of illumination, it appears that a more 
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Fie. 28) Tue Curve oF MEAsuRED DISTRIBUTION OF DAYLIGHTING 
In A Futt-Size Typicat Scuoot Room Line) Is Con- 
SISTENT WITH THE PREDICTED DISTRIBUTION 


(A prediction based on brightness averaged over the whole window 
(dotted curve) is safer than a a based on brightness of upper sash 


only (dashed line), although this prediction is closer for points at rear of 
room.) 


trustworthy prediction was obtained by using the average bright- 
ness of the whole window, particularly as such a computation 
gives a pessimistic and therefore a safe value of illumination, 
lower than that which should actually be found to exit. The 
irregularities of the test curve in Fig. 28 are illustrative of the 
difficulties encountered in making a field test and of the danger 
in drawing conclusions from a field test only. 


Discussion 


FRANK Benrorp.** Too much emphasis cannot be put on 
the importance of having the windows as high as possible, even 
up to the ceiling. With a window 12 ft. high, if the minimum 
illumination is measured on the level of the bottom of the window 
in the center of the room it will be found that 1 in. across the 
top of the window contributes as much light as 1 ft. on the bottom. 
In other words, in that particular case there is a 12 to 1 ad- 
vantage in having the windows high instead of low. 

Another important thing is the effect of dust and dirt on the 
glass. This effect is much worse than is apparent by looking 
at a piece of glass that is dusty. If you look directly through, 
it will dim down only 10 per cent. If you look aslant along the 
building, the distant windows will show 30 to 40 per cent. 

After these computations are made, there are still other prob- 
lems that may be answered only by experience. Stating the 
minimum illumination does not tell whether it is going to be 
satisfactory. Thus in one case it is said that 20 foot-candles 
will be ample illumination in the workshop. If, on the other 
hand, there is a region within a few feet where there are 2 foot- 
candles, one might get into trouble in stepping in this dark 
space, although 2 foot-candles might be ample for certain work 
in the absence of contact with higher illumination. On the other 
hand, if there is a space of 100 ft. between the points having 
the 10 to 1 ratio, we may walk from one to the other and not 
be conscious of the change in illumination. 


42 ‘A Nomogram to Facilitate Daylight Calculations,”’ H. 8. Bull. 
Trans. I.E.S., May, 1928, pp. 547-550. 
43 General Electric Company, Schenectady, N. Y. 
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There was mentioned the case of the U-shaped building that 
is going to be built in the form of an E-shaped building. The 
problem was whether to put the elevator towers inside or outside 
of the U. The advantage of putting them inside and moving 
the entire building out was so great that they decided to change 
their plans and put the elevator towers inside. 


James E. Ives.** It seems that the first reaction to a dis- 
cussion of the daylighting of buildings is the question as to why 
such a discussion is necessary. We ask ourselves, ‘‘Is not day- 
light unlimited—cannot we have as much of it as we desire by 
making the windows large enough?” The reasons, on the 
other hand, for discussing artificial lighting are evident. It 
is evident that we must know how much light the lighting units 
will produce, what their proper shape must be, how many of 
them we must have, and how they must be arranged. 

For daylight a few simple empirical rules have been used, such 
as the rule that the window area shall be at least one-fifth or 
one-fourth of the floor area and that for a room lighted by 
windows only on one side the height of the top of the window 
above the floor must not be less than one-half of the width of 
the room. 

However, all probably will agree that many shops, office 
buildings, and schoolrooms have insufficient or improper natural 
lighting. This is particularly true of the older buildings, but 
it is also true that some of the newest might be improved upon. 
Some of the older office buildings are constructed like feudal 
castles or Greek temples with walls two or three feet thick, small 
windows, and at times with massive pillars that obstruct the 
light. In such buildings daylight is insufficient and must be 
supplemented by artificial light. Unfortunately in some of 
these buildings the wires are not heavy enough to carry the 
current necessary to give the amount of light required by the 
modern worker. 

In some of the newest school buildings fundamental principles 
of good lighting are violated, such as carrying the window to 
the left of the pupils in a classroom right up to the front of the 
room, producing glare in the eyes of the pupils. It is generally 
conceded that there should be a distance of from four to eight 
feet from the front of the room to the first window on the left- 
hand side. In other cases blackboards are placed between 
windows, again producing bad glare. 

Improper or insufficient lighting in schoolrooms may injure 
the eyes of the children. The tendency of imperfect illumination 
is to cause congestion and eye strain, which, when prolonged, 
may result in serious injury. This is true both for children 
and adults. 

It seems that we are entering upon a new age, which we may 
call the humanitarian age—an age in which our primary con- 
sideration is for the welfare of the worker. Buildings in the 
future will be constructed in a manner which will be for the 
best interest, physically and mentally, of the worker, mian, 
woman, or child. Mechanical construction and architectural 
beauty will be considered, but the health and happiness of those 
who work in them will come first. 

To this end it will be necessary to have cooperation between 
the architect, the mechanical engineer, and the illuminating 
engineer. Yes, and between the illuminating engineer, and the 
psychologist, and the physician. These latter must tell us how 
much light and what kind of light the child and the worker 
must have so that their eyes shall be protected. No large 
building, shop, or school should be erected until its daylighting 
has been approved by a competent illuminating engineer. We 
should know beforehand how much light each child or each 


44 Physicist, U. S. Public Health Service, Treasury Department, 
Washington, D. C. 
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worker will have at his work place during his working hours, 
under all possible conditions of daylight, if the building is built 
as designed. A building should be so constructed that the 
worker shall have sufficient light. If necessary, details of me- 
chanical construction or architectural style should be changed 
to give the desired results. 

To do this, however, we must first be able to predict the 
amount of light that windows of certain sizes and shapes will 
produce at given points within a building. Bassett, Jones, 
Higbie, Waldram, and Brown have developed formulas for 
this purpose. These formulas take account of mullions, piers, 
obstructions to entering light, window glass, window shades, 
reflection from walls and ceilings, and other important matters. 
They must be checked by observations under actual conditions, 
and if necessary modified until they are of sufficient accuracy. 
Other methods of predicting daylighting have been suggested, 
such as the sill-ratio method of Waldram and the utilization 
method of Friihling. Experience must teach us which is the 
most practical method. 

My own particular interest in this matter arises from the 
fact that the United States Public Health Service has erected 
in Arlington, Va., an experimental daylight building in which 
the size, shape, and location of the windows can be varied at 
will, also the height of the ceiling, color of the walls, ete. Auto- 
matically recorded measurements are now being made with a 
photoelectric cell of the illumination at all points within the 
building under varying conditions, and simultaneously similar 
measurements are being made of the brightness of the portion 
of the sky illuminating the particular window from which the 
light comes. From our measurements we expect to be able to 
determine the amount of horizontal and vertical illumination 
for a window of given size and location, with given ceiling height 
and color of walls, for a given brightness of the sky illuminating 
the window. 


H. H. Krmpautu.* The authors have done the public in general 
and the designers of buildings in particular a real service in 
summarizing the data available for predicting in advance what 
will be the character of the natural lighting in a proposed structure 
and in presenting it in the form of diagrams that are convenient 
for use. 

In modern life natural lighting in offices and homes may be 
so expensive as to be considered a luxury, but it is a luxury 
that most of us crave. In ages not very remote our ancestors 
lived and worked in sunlight. They developed bodily character- 
istics that demand daylight to maintain efficiently their com- 
plicated functions. Modern life requires many of us to spend 
nearly all our time indoors. Adequate natural lighting con- 
tributes to our health and comfort and to the efficiency with 
which we perform our tasks. 

One cannot travel far in this land without being impressed 
with the improvement that is taking place in provisions for better 


‘ natural lighting, particularly in schools and industrial buildings. 


Efficiency demands that the workmen be provided with ade- 
quate light, and boards of health see to it that the growing child 
while in the schoolroom shall not, through eye strain, receive 
injury that will handicap him for his life work. I think all 
will agree that the industrial and school buildings are not less 
attractive from an architectural standpoint than were those of 
a few decades back. 

In one important branch of architecture, or perhaps it is in 
interior decoration, we seem not to have advanced. Under 
the heading, Effect of Shades and Blinds, the authors state: 
“This subject of daylight control looms as the most important 


** U.S. Weather Bureau, Department of Agriculture, Washington, 


necessary future development in the science of daylight... . 
Shades, curtains, and blinds are merely or mainly a means of 
throwing back out of doors or absorbing and wasting a large 
part of the available natural light. Such devices should in 
future be looked upon as means for controlling daylight so that 
it may be utilized to the fullest extent possible.” 

Most men will heartily concur in this, but their wives will not. 
It is not that they ‘love darkness rather than light,”’ but that 
a window unadorned is not a thing of beauty. Therefore, they 
drape it with curtains for the artistic effect, and incidentally 
keep out the sunlight to save the carpets and the upholstery. 

But carpets and overstuffed furniture are going out of style. 
Therefore the time seems to have arrived when well-known 
devices such as venetian blinds, curtains that may be lowered 
from the top of the window, and perhaps glass other than clear, 
may be designed in patterns that will be artistic as well as sensible 
and will produce lighting effects that will be pleasing to milady, 
that will sweeten the disposition of the “head of the household,” 
and that will contribute to the health of the juniors. 


C. B. Hamitron.* The authors mentioned the lack of results 
from painting the interior of a building white. That does not 
check with what is common knowledge. Why? 

Another question from the mechanical engineer's side is, 
What is considered the maximum advantageous amount of 
illumination for ordinary heavy machine-shop work? We hear 
much about high illuminating intensity for automobile-body 
work and textile work and the fine inspection of typewriter 
parts and such detail work as that, but not so much about the 
everyday really good illuminating for the ordinary heavy manu- 
facturing plant. What should it be? e 


AvuTHorsS’ CLOSURE 


H. H. Hiasre. The correctness of Mr. Benford’s striking 
illustration of the advantage of height in windows may easily 
be checked by means of the formulas we have given. Many 
more measurements are needed on absorption of light by dirty 
glass and on the effects of window glass upon the daylighting 
of interiors under a great variety of practical conditions; it is 
hoped that those at least who have most to gain by this knowl- 
edge may soon be moved to procure it. It is true also, as Mr. 
Benford aptly intimates, that we need information on what 
constitutes an adequate or a satisfactory illumination for par- 
ticular purposes by daylight, and on the greatest permissible 
gradient of illumination where it is impracticable to design 
fenestration for a practically uniform illumination. Data on 
this aspect of artificial lighting have been accumulating for 
many years, the applicability of which to natural lighting is 
often assumed without proof or reason. 

The many surveys of daylighted interiors that will be neces- 
sary to discover such facts as the minimum daylight illumination 
that will avoid injury to eyes engaged in various tasks, or the 
relation of production to daylight illumination under various 
conditions, will be costly and will require a cooperation of those 
who use the daylight with those who supply the wherewith to 
procure it. The problem of where to locate the elevator tower 
in the E-shaped building, mentioned by Mr. Benford, is an 
excellent example of such a cooperation between the concern 
with which he is connected and the concern with which Mr. 
Randall and I are connected. In this connection also I would 
mention the stimulus we have had from Mr. Vogel, plant engi- 
neer of the General Electric Company, in developing this field 
of work. If plant engineers could be more generally interested 
in the proper daylighting of their plants, we should make better 
progress than seems to be possible with architects. 


€ Toronto, Ont., Canada. Mem. A.S.M.E. 
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Dr. Ives indicates well the crude methods used by the vast 
majority of architects in designing fenestration for buildings, 
and the correspondingly crude results attained from the point 
of view of daylight illumination. Even those who have come 
to see that the artificial lighting should be carefully designed by 
a competent specialist still consider the appearance of the 
building and a few unreasonable conventions and outworn rules 
of thumb as adequate guides to the design of the windows and 
their settings. When owners come to understand that it is 
impossible or exceedingly costly to make good the poor day- 
lighting arrangements designed or permitted by the architect, 
and when they come also probably to find that the poor day- 
lighting cannot be supplemented by good artificial lighting 
because the same lack of architectural foresight caused or per- 
mitted the electric wiring to be inadequate for steadily mounting 
standards of illumination, then we may expect to see an active 
even if forced interest manifested in this field. 

Mechanical engineers, who have influence in determining the 
design features of buildings for specific purposes and who by 
training and experience are prepared to understand the im- 
portance of these matters, may be of great assistance, not only 
in procuring attention to and application of the body of knowledge 
about daylighting already accumulated, but also in stimulating 
by their interest and cooperation those who should be extending 
that knowledge; for instance, manifestation of an active interest 
in the work on daylighting undertaken by the U. 8S. Public 
Health Service some years ago and still in progress might be 
expected to lead to a considerable extension and intensification 
of the investigations in daylighting at Arlington and elsewhere 
to which Dr. Ives alludes, and result also in prompt and wide 
publication of the results. 

Dr. Kimball touches the psychological aspect of man’s in- 
sistence upon access of natural light to the interiors of building 
in which his modern modes of life confine him. People will 
continue to demand daylighting, or as good an imitation of it 
as possible, even if and when it has been shown to be as costly 
as artificial light or more costly, and even if it be proved that 
the available natural light is practically devoid of health-giving 
properties. One of the lamp-manufacturing companies demon- 
strates, as means to interest people in buying more electric 
lamps, artificial sunshine streaming through a make-believe 
window installed against a solid wall; it also chooses to light 
a subway or tunnel from one of its buildings to another by means 
of light from incandescent lamps shining through artificial 
windows in the sidewalls, instead of through diffusing globes 
or reflectors overhead as in conventional artificial lighting. 
We shall not soon see an abandonment of daylighting from 
real windows, but should see as soon as practicable great im- 
provement in the usual means and methods for utilizing our 
resources of natural light. 

Dr. Kimball refers also to the limitations heretofore set upon 
development of daylighting art by failure to consider the esthetics 
of the situation. Those businesses engaged in artificial-lighting 
development have been most successful which engaged artists 
to dress up in beauty the scientifically correct and efficient 
contraptions designed by their illumination engineers and 
lighting experts. The French designers, particularly, are leading 
the world today in demonstration that good artificial lighting 
may also be beautiful, and the sooner daylighting business takes 
a lesson from this the sooner we shall have daylighting equip- 
ment available which is good from both engineering and esthetic 
points of view, and this may be in no small measure responsible 
for awakening a more general interest in the subject of day- 
lighting. 

W. C. Ranpati. Answering Mr. Hamilton, the reference 
which we made to the painting of the interiors as not affecting 
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daylight materially was referring particularly to a single-story 
building in which there was chiefly direct light through the 
windows in the roof and little opportunity for reflection. The 
paper on multiple-story buildings also referred to it, but there 
were different stories in which there was obstruction to the 
daylighting due to adjacent buildings and a lot of light was 
reflected through from the adjoining buildings, and for this 
condition painting of the ceiling and the columns of the building 
did materially improve the daylighting. 

We also found, incidentally, that on single-story buildings, 
if the roof was of a light color, which caused the light to reflect 
through the monitor windows and in turn was reflected from 
the under side of the roof, then a great improvement in the 
daylighting could be accomplished. 

I want to thank Mr. Benford for the points brought out in 
his discussion of the paper. Incidentally, Mr. Benford is asso- 
ciated with the General Electric Company, which, as you all 
know, is highly interested in artificial daylighting. Owing 
particularly to the efforts of Mr. A. Vogel, plant engineer, they 
are also very much interested in daylighting, due to the high 
illumination values which normally prevail in daylighting, and 
the possibility that the high intensities of illumination of the 
daylighting affects materially the productivity. As a result, 
this progressive company is very much interested in the in- 
corporation of good daylighting in the design of their buildings. 
Mr. Benford has been doing some very good work along the 
line particularly of the development of instruments for recording 
daylighting, and we can expect a great deal from Mr. Benford 
and the General Electric Company. 

Referring to Dr. Ives, I might just add to his thoughts that 
many public buildings follow Greek temple design, and the 
designers of such buildings have not taken advantage of daylight- 
ing as have the designers of industrial buildings. 

Incidentally, in answer to Dr. Ives, I know that in so far as 
General Electric is concerned, as brought out in the correlation 
of our research work in daylighting with them, they do call in 
the doctor and the psychologist and have their point of view as 
a contributing factor to the welfare of their workmen. That 
is the reason why they study the fenestration and particularly 
the control of daylighting. 

Dr. Kimball’s contribution to the discussion is appreciated 
since we consider Dr. Kimball a forerunner in investigation in 
daylighting. As referred to in the paper by the authors, his 
contributions are far-reaching and of a nature that is very fine 
for the art. 

The control of daylighting, as Dr. Kimball said, after all is 
possibly the big thing that stands before us today. It in no 
way parallels the development of control of artificial lighting. 
I think with control in the way of venetian blinds, the character 
of the glass, possibly the decorating or the painting of the in- 
teriors, extremely important contributions can be made in day- 
lighting. 

I would like to go on record at this time that the authors 
have, I am very sorry, thoughtlessly neglected Dr. Feree and 
Dr. Rand in this symposium on daylighting, and this we regret 
very much. Dr. Feree and Dr. Rand have contributed a great 
deal of information as to the relation of the higher intensities 
of light to speed of vision, acuity (ability to distinguish detail), 
and ocular fatigue. Their reports indicate that there is less 
ocular fatigue, greater speed of vision, and greater acuity as 
the illumination values increase up to 500 foot-candles. This 
is so, and their research shows that this is no doubt true for 
still higher values. At the present time artificial lighting 
systems are not working with the high values normally found 
in daylighting, but they are approaching that general condition, 
and therefore we want to give credit at this time to Dr. Feree 
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and Dr. Rand for their valuable contributions to the science of 
lighting, with particular reference to the higher intensities of 
illumination. 


Artificial-Lighting Provisions in 
Building Design and Process 
Layout 
By WARD HARRISON,! CLEVELAND, OHIO 


(00D daylight in a multi-story industrial building extends 

back not more than 20 ft. from the windows, about to the 
first row of columns, as is evident from the accompanying chart, 
Fig. 1, taken at midday. This means that unless the central 
portion of a typical 80-ft. building is used merely for storage of 
material, artificial light must be supplied all day to about one- 
half of the workers, i.e., those in the central bays, in order that 
they may not be at a disadvantage in comparison with those near 
the windows. Until the last decade it was the lack of adequate 
artificial light sources which relegated the central portion of many 
buildings to secondary uses. 

Today it is neither expensive nor difficult to provide a general 
system of overhead lighting in a factory, substantially equal in 
illuminating value to the daylight which is obtained in the outside 
bays during the middle hours of the day. For industries in 
which such natural lighting is found to be entirely satisfactory 
for the outside bays, the installation of a uniform system of over- 
head lighting will meet all the requirements of the central bays 
and also the requirements of the outside bays at times when 
daylight is inadequate. (Fig.2.) Such a lighting system may be 
installed at the time the building is constructed, and should in 
fact be considered a part of the building itself, just as the plumb- 
ing and heating equipment are so considered. 


RESERVE Capacity, DESIRABLE IN WIRING INSTALLATION 


In designing the lighting system a considerable ultimate 
economy will usually be effected if a certain factor of safety is 
provided in the wiring. That is, the copper is made heavy 
enough to carry a lighting load of approximately 4 watts per 
sq. ft., even though the immediate requirements for light may 
not be for more than one-half of this amount. Obviously, also, 
the outlets should be spaced close enough together to provide 
reasonably uniform illumination over the working surface. This 
cannot be done by spacing outlets on 20-ft. centers with any 
ordinary ceiling height. With a 20-ft. spacing and lighting 
units 10 ft. above the floor (about 7!/2 ft. above the work) the 
variation in illumination between points directly under a lamp 
and those half way between lamps is of the order of 4to1. (See 
Figs. 3 and 4.) 

Table 1 shows the proper spacing of outlets for various ceiling 
heights and Table 2 shows the wattage allowance per outlet to 
be used in figuring the wiring for these various spacings. Table 
3 gives the necessary wire sizes in order that the energy may be 
delivered to the outlets without causing a potential drop of more 
than two volts between the panel board and the socket. 

Fig. 5 shows the difference in cost between wiring a building 
for 100 watts per outlet, 200 watts per outlet, etc., from data 
obtained in eleven cities. On the average the original installation 
expense is increased only 28 per cent when the wiring capacity is 
doubled, whereas to make this change after the building is com- 
pleted and wired will usually much more than double the cost. 
Installing wiring and lighting equipment with reserve capacity 
is just the same kind of foresight as that which prompts one to 
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build a double garage when erecting a new house. The cost of 
operating the second car does not begin until the increased garage 
space is actually needed, and the same is true of the operating 
expense for increased illumination. 

At the present time 300-watt lamps on 10-ft. centers are con- 
sidered to provide an excellent standard of general illumination. 
The cost of operating these lamps for an average of 5 hours per 
day amounts to but 12 cents per sq. ft. per year. 


Units Most ComMMONLY EMPLOYED 


The two types of lighting units most commonly employed in 
industrial buildings today are the RLM dome and the Glassteel 
diffuser, Fig. 6. Of these the latter gives the softer, more diffused 
light, with greater freedom from shadows. For the majority 
of installations it is economical to install equipments of a size 
which employ the mogul socket and which will therefore accom- 
modate 300- and 500-watt lamps. The correct position for 200- 
watt lamps may be secured by using a mogul to medium base 
socket adapter. 

In practical factory operation it is not infrequent that the 
installation af a new machine, lineshaft, or air duct interferes 
seriously with the location of one or more units, and that changing 
the conduit location is both troublesome and expensive. A 
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VARIATION OF DayLiGHtT ILLUMINATION IN A BUILDING 
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Fic. 1 


Fic. 2 A GENERAL LIGHTING INSTALLATION IN A MACHINE-TOOL 
DEPARTMENT Usina 300-Watr Lamps Wrrep For 500 WatTrTs 


number of manufacturers have obviated this difficulty by sup- 
porting the reflector and lamp by means of a chain fastened to 
a screw eye in the ceiling and using a flexible cord and plug for 
attachment to an ordinary convenience outlet (Fig. 7). Simply 
by relocating the screw eye the unit can be moved anywhere 
within a radius of two or three feet from the outlet. 

One of the most important advantages of the uniform overhead 
lighting system is that frequent change in process and in depart- 
ment locations so characteristic of American industry can be 
made without necessitating any change in the lighting system 
whatsoever except perhaps an increase or decrease in the wattage 
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Fic. 3 Units Spacep Too Far Apart For Tuerr Heicut FurnisH Very UNEVEN 


(In this case there is a 4 to 1 variation, and work positions midway between units will be 


12.5 fi-cdls 


ILLUMINATION 


inadequately lighted; harsh shadows will also result. 


Fic. 4 Ir THe PermissisLe Ratio BETWEEN Spactne AND MountinG Heicut Is 


12.5 ft-cdis. 


MANAGEMENT 


The remedy is to mount the units 
higher, or if that is impossible, to space them closer as shown in Fig. 4.) 


Not Excerepep, Unirorm [LLUMINATION WiLL Be Propvucep 


(Note overlapping of light, which serves to eliminate shadows as the units are brought 
closer together.) 


_ The illustration above shows the layout of lighting outlets for a large industrial building, 
indicating the application of data in the table. 
13 ft. For a symmetrical layout in the bays a 10-ft. spacing is adopted. 


Ceiling 
height 
or height in 
the clear) 


t. 
(C) 


TABLE 1 


Spacing between outlets 


Usual, 
t 


>. 


Maximum 

(for units at 

ceiling), ft. 
(D) 


Not more than 


7/2 
8 


SPACING OF OUTLETS 


Spacing between outside 


-——-outlets and wall—— 
Aisles or Desks, work 
storage next benches, etc. 
to wall against wall 
(A) 
Not more than 
3 
Usually 3 
31/2 
one- 3'/2 
31/2-4 
half 3'/2-41/2 
4-5 
actual 4-5 
4-6 
spacing 4-6 
‘ 
between 5-7 
6-8 
units 8-9 


The 13-ft. clearance allows a spacing of 


Approximate 
area per 
outlet 
(at usual 
spacings), 
sq. ft. 
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of the incandescent lamps used, to meet the visual 
requirements of the new work. There are, how- 
ever, certain manufacturing processes, as, for ex- 
ample, the weaving of textiles, in which the ma- 
chinery is very expensive and is kept in place for 
many years. In fact, many of the mills have ac- 
tually been built around the loom locations. For 
such processes as these it is very much worth 
while to plan the location of lighting units with 
regard to the exact placement of machinery beneath 
them in order to obtain the very ultimate as re- 
gards intensity and direction of light on the work, 
freedom from shadows, etc. Fortunately mills of 
this character have many machines on a floor of 
exactly the same size and shape, so that a lighting 
system worked out to give best results for each 
machine or loom is usually found to be symmetrical 
with the building itself, although not necessarily 
with the layout of the bays. (See Figs. 8 and 9.) 


LicgHTInG PrRosBLeMs 


Another group of industrial processes includes 
a variety of operations in which all of the workers 
sit facing in one direction. Light-assembly and 
inspection departments are frequently so arranged. 
Although general lighting is ordinarily considered 
satisfactory for such processes, they present an 
exceptional opportunity to eliminate direct glare 
from the light sources completely by choosing 
equipment which gives an asymmetrical distribu- 
tion and directs the light forward. In the in- 
stallation shown in Fig. 10 the worker is scarcely 
conscious of the presence of any light sources 
whatsoever. 

Lighting problems which might be classed as 
very special are those encountered in lighting the 
assembly lines in an automobile-body manufactur- 
ing plant. The requirements, especially in the 
finishing departments, are for a very high level of 
illumination on the vertical sides of the body, and 
these requirements cannot be met by ordinary 
overhead lighting. The accepted solution is shown 
in Fig. 11. It will be observed that the workers 
depend almost entirely upon artificial light even on 
bright days, for only one side of the outside row 
is ever adequately supplied with natural light. 
The special projectors shown in the drawing are 
spaced approximately five feet apart, and are so 
designed as to give practically uniform illumination 
over the body from top to bottom. They are 
usually equipped with 300-watt lamps, and the 
illumination averages 60 foot-candles. 

There are certain operations, the visual require- 
ments for which are such that they cannot be per- 
formed satisfactorily under indoor daylight condi- 
tions, even though the operator may be located 
reasonably near an unobstructed window exposure. 
In general these are operations involving very fine 
discrimination of detail or are performed on surfaces 
of a very dark color so that 50 foot-candles or more 
are required. The economical and effective light- 
ing of such operations usually requires that indi- 
vidual lamps be supplied to each worker. The old 
way was to install a small lamp and half-shade on 

an adjustable arm within each operator’s reach, 
and leave it to him to control the direction and 
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intensity of the light. This was the cause of much poor lighting, 
since general illumination was often entirely absent and con- 
trasts between lighted and dark areas were severe. When each 
worker had adjusted his light to suit himself it was very likely 
to be left shining directly into the eyes of his neighbor. If a 
system of local lighting must be installed to meet the special 
requirements of a certain operation, it is essential that it be sup- 
plemented by at least 10 foot-candles of general illumination. 
The maintenance and repair costs on most of the systems of local 
lighting are extremely high. 
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Fie. 5 Wrtrine INSTALLATION Cost PER OUTLET 
(Courtesy of Lighting Service Committee, N.E.L.A.) 


Fig. 12 illustrates a newer and a more desirable method of 
supplying 75 foot-candles on inspection tables from overhead 
light sources, one for each worker. The aluminum or chromium- 
plated parabolic reflectors are designed to give a very concen- 
TABLE 2 WATTAGE ALLOWANCE PER OUTLET FOR VARIOUS 

SPACINGS 
(See Table 3 for wire sizes) 
Wattage Ogee. per Outlet 


Actual floor Class A Class Class C 
area per installations installations installations 
outlet, (offices, drafting (less important (storage 
sq. ft. rooms, factories, etc.) areas) areas) 
65- 75 300 200 150 
75- 85 300 250 150 
85- 95 350 250 200 
95-110 400 300 200 
110-125 450 350 250 
125-140 500 400 250 
140-160 600 450 300 
160-190 700 »00 350 
190-220 800 600 400 
220-260 950 700 450 
260-300 1100 800 550 
300-340 1250 950 
340-390 1450 1100 750 
390-440 1650 1250 850 
440-500 aa 1400 950 
500-560 1600 1050 
560-630 1800 1200 
630-710 1350 
710-800 1500 


800-900 1700 


TABLE 3 WIRE SIZE REQUIRED 


(The length of wire for a circuit is double the length of run. 


Length of run — Watts per Circuit- 

(panel box 800 1000 1200 1500 1800 2200 260 

to outlet), to to to to to to to 

ft. 1000 1200 1500 1800 2200 2600 3000 

30 or less 14 14 14 12 12 10 10 
30 to 45 14 12 12 10 10 10 8 
45 to 60 12 12 12 10 8 8 
60 to 80 12 10 10 8 
80 to 100 10 10 8 Ss | 6 

100 to 120 10 8 8 | 6 

120 to 150 Ss 6 

150 to 200 6 


Nore: This table shows the wire size required for 115-volt circuits of 
various lengths of run, based on a drop of two volts between the panel board 
and the outlets 

It is difficult in branch circuits, at least with present wiring methods, to 
use larger than No. 8 wire because of the difficulty of handling in conduit 
Where the proper wire size for a proposed installation, according to this 
table, is larger than No. 8, it is usually best either to provide more circuits 
with less load, or to relocate distribution centers to decrease lengths of run 
The dotted line shows the usual practical limits for circuit load and length 
of run. 

These recommendations on wiring are based on the allowances of The 
National Code i.e., circuits equipped with medium screw sockets limited 
to 15 amperes and not more than 12 outlets per circuit; mogul sockets 
limited to 40 amperes and 8 outlets per circuit. Present wiring practice 
is usually well within the limit allowed by the code. In some cases it is 
necessary to meet other requirements of local codes. 


Fic. 6 Tue RLM Dome ReEriecror (ABOVE) AND 
GLAssTEEL Dirruser (BELOw) FoR GENERAL 
LIGHTING SERVICE 


Fig. 7 Meruop or Instatuinc a Unit To Give 
FLexisinity Its Location WirHout NECESSITATING 
CHANGING OF PERMANENT WIRING 


trated beam of light, and their location can be permanently fixed 
so as to direct the light downward at exactly the right angle for 
the best seeing of the process in hand. The lighting also supplies 
sufficient general illumination throughout the room to dispel any 
objectionable brightness contrast in the field of view. This same 
method of illumination may be applied to many other operations 
such as the lighting of Jacquard looms, the lighting of composing 
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IN OrnpveER To GIVE THE Very Best Resuvts 


hic. 9 View or Textite MILL, SHow1ne Licutine Units PLacep 

Tro Turow Licgnt oN THE PART OF THE MACHINES WHERE 
THE VisuaL ReQuUIREMENTS ARE THE Most EXactTInG 

(Lighted with 300-watt diffuser units spaced 10 ft. 8 in. apart down weave 


aisles which are 12 ft. 6 in. apart. Mounting height, 14 ft. Lighting 
intensi ty, 18-20 foot-candles.) 


Fic. 10 Skercu SHowinc How Rerrecrors May Be EquipPrep 
With Aprons To Eviminate ALL Direct GLARE IN ONE DirReEcTION 
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Fic. 11 ARRANGEMENT OF CONVEYORS AND Specitat LIGHTING 
Prosyectors FrInisHinG DEPARTMENT OF AUTOMOBILE-BoDy 
MANUFACTURING PLANT 
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Fic. 8 Layout or Ligutinc Units Weave Room, SHOWING 
How,1He Position Is DETERMINED BY THE LOCATION OF MACHINERY, 


MAN-5I-8 Sl 


stones in printing establishments, etc., where conditions are 
such that a high intensity of light is required over a reasonably 
limited area. 

As industry becomes more established the trend will probably 
be toward specialized lighting of this character for many indus- 
trial processes. With the present frequency of industrial changes, 
however, it will often be found less expensive to provide for a 


Sigh 


Fig. 12) View or Inspection DEPARTMENT WITH CONCENTRATING 
Rerctectors Mowuntep on 5-Fr. Centers To Provipe 75 To 100 
Foot-CanpDLes From OVERHEAD LIGHT SouRCcES 


very high level of general illumination over the entire area, and 
thus avoid the necessity of varying the type and location of light- 
ing equipment for each change of process or department location 
in a given plant. 

{The discussion on this paper was conducted jointly with that on 
the next paper and follows it.| 


Light as a Factor in Production 
By C. C. MUNROE! anv H. A. COOK,? DETROIT, MICH. 


HEN thinking of production we unconsciously visu- 

alize large industrial areas, numerous factories, wheels 

turning, machinery operating, and men and women en- 
gaged in manifold operations, each playing an important part in 
an organization designed to manufacture or produce some definite 
object or thing of value. 

The various machines used will operate efficiently if they have 
been properly designed, and if, after their installation, care is 
taken by the management to see that their needs in the way of 
adjustment, lubrication and other maintenance factors are sup- 
plied. If, however, after their installation they are allowed to 
operate without this attention, sooner or later their efficiency is 
lost and eventually they are nothing more than scrap iron, their 
productive days being over. 

In short, they demand attention from human hands. There- 
fore, regardless of the degree to which a process of manufacture 
may be automatic, the human element must necessarily be con- 
sidered in the production of an article or goods of value. 

Some processes do not lend themselves as readily to automatic 
control as others. In the case of the former, the human element 
is still more pronounced than in the latter. 

Returning for a moment to the first paragraph of this paper it 
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will be noted that the last part of our picture is that of men and 
women engaged in these operations. This has unfortunately 
been the last consideration in industry in times prior to the pres- 
ent, and the result has been a distinct economic loss to industry at 
large and a source of grief to workers in particular. It is the 
object of this paper to deal with the question of light as a factor in 
production, and inasmuch as machinery is not generally de- 
pendent upon light for the production of materials, the discus- 
sion will center about the human element, i.e., the effect of light 
upon production as it influences the operations carried on by men 
and women in industry. 

In the operation of any industrial plant, light is an absolute 
necessity, without it, either artificial or daylight, the operation of 
a plant is an impossibility. Its importance is greatly increased 
in processes which are highly automatic in nature and involve 
great expense for the purchase of automatic machinery. If these 
machines are only operated for an eight-hour period, the initial 
investment is such that a very low production cost is highly 
improbable. If, however, they are operated for two or three 
eight-hour shifts, a very satisfactory return upon the investment is 
insured and a low production cost is possible. 

Ward Harrison, in a recent paper, pointed out the fact that the 
two brightest industrial centers—the Carolina textile center and 
the automotive industry in Detroit—are making use of this prin- 
ciple to great advantage, which may in a measure account for 
their prosperity. Another interesting feature in this connec- 
tion is that the intensities used are approximately five times those 
of the old conservative eastern standards. 

The question then arises as to what bearing light has upon the 
successful operation of any industry, what benefits are to be ex- 
pected from the use of adequate lighting, and how do they affect 
plant operation. 


Facrors IN PRODUCTION 


If we analyze some of the factors upon which lighting has a 
distinct bearing, they can be classified into two general divisions 
as related to production. These are the direct effects and the 
indirect effects. 

The direct effects are produced by the operators’ greater ability 
to see when the lighting is adequate, and the indirect effects are 
those which influence such items as accidents, spoilage, labor 
turnover, and health. We shall first concern ourselves with the 
direct effects. 


I—DIRECT EFFECTS 
INADEQUATE LIGHTING 


Let us assume temporarily that the lighting in a plant is inade- 
quate. By inadequate, we mean that the intensity of illumina- 
tion is too low to permit the quick discernment of necessary de- 
tails, that glare is present due to bright light sources or reflections 
in the field of vision, and that the distribution of light in the 
working area is such that sharp contrasts of intensity are present. 

An individual working under such conditions is seriously handi- 
capped in the performance of his duties. Due to the fact that 
the intensity is low, he must necessarily make a greater effort to 
see to do the work required of him. This tends to slow up his 
operations and also produces unnecessary fatigue. 

If glaring light sources are present, his ability to see is reduced 
greatly, and in some cases this may be serious enough to produce 
permanent injury to his vision. 

If the distribution of light is not uniform, the constant adjust- 
ment of the eye necessary to accommodate itself to the various 
intensities will result in eye fatigue and thereby reduce the effi- 
ciency of the operator. In short, the workman is laboring under 
conditions which tend to hinder him and reduce his working 
efficiency. 
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ADEQUATE LIGHTING 


Let us for a moment consider the adequately lighted plant. 
The intensity is sufficient to enable the operator to perform his 
duties with speed and accuracy. He can proceed with his ac- 
tivities with the confidence that his motions are correct. 

No glaring light sources are present to blind him temporarily 
or to produce undue eye fatigue. His vision is clear and un- 
hampered, making efficiency possible. 

Spotted illumination has been eliminated, so the adjustments 
of the eye necessary are not as great as formerly, thus making it 
possible for him to work throughout the day without the strain 
present under adverse conditions. 

These factors, while seeming elementary, have a distinct and 
pronounced bearing upon the quantity of materials produced by 
workmen. 

An analysis of the reactions that take place under the condi- 
tions specified for adequate lighting will establish facts of im- 
portance to the efficient production of materials. 

(a) Intensity. We shall first consider the effect of intensity 


Fig. 1 InNapeQuATE LIGHTING IN THE STAMPING Room oF A PLANT 
(Note uneven distribution, also dismal appearance of area.) 
upon vision. If an ordinary eye-testing chart is viewed from a 


distance under a low intensity of illumination the limit to which 
accurate reading is possible can easily be determined. When the 
same process is tried with a higher intensity of illumination upon 
the chart, it is invariably true that letters of a smaller size can 
be correctly read at the same distance. This would indicate 
that we can see better and more accurately when a high intensity 
of illumination is used. 

Another experiment can be performed by observing a rotating 
cylinder with printed matter on it and noting the effect produced 
when the intensity is varied from low to high. Although the 
cylinder is rotating at a constant speed, it apparently slows down 
when the higher intensity is used and speeds up when it is de- 
creased. Such a result is obtained because the eye reacts more 
quickly under the higher intensity, which in turn produces the 
sensation of a decrease in the speed of rotation of the cylinder. 
A logical conclusion can then be drawn to the effect that moving 
or stationary objects are more clearly seen under a high intensity 
of illumination than under a low one. This is of the utmost im- 
portance in industrial operations where moving parts are so 
prevalent. 

The higher intensities of illumination then make it possible for 
individuals to work with greater speed and accuracy because of 
their ability to see better and more quickly. 

(b) Glare. The second requirement to be met in order to 


? 
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produce adequate illumination is the elimination of glare. Glare 
can be produced by bright light sources or reflections in the field 
of vision, or by excessive contrasts in intensity. It may be from 
the light source itself, if an artificial one is used, or it may be due 
to particular conditions in the general industrial area that pro- 
duce the marked contrasts which are uncomfortable to the eye. 

One marked result produced by bright light sources in the 
field of vision is that they will make clear vision and observation 
of detail difficult if not impossible. This can easily be demon- 
strated by lighting a modern incandescent lamp in an area of 
comparatively low intensity. If a person looks at the light source 
for a short period of time, and immediately after attempts to 
distinguish objects or details he finds that it is impossible to do so 
clearly. After the eye has adjusted itself to the lower brightness, 
however, clearer vision is again possible. 

The temporary blindness thus created naturally decreases a 
person's ability to perform his duties quickly and accurately, to 
say nothing of the possible injury to the eye itself. In order to 
continue to work at a normal speed, therefore, glare must be 
eliminated whether it be direct from the light source or reflected 
from some other surface to the eye. 

(c) Distribution. Our third requirement, uniform distribu- 
tion of light, is important because of its bearing upon the elimina- 
tion of sharp intensity contrasts and consequent elimination of 
glare, to say nothing of its importance in accident prevention, 
sanitation, etc., all of which will be discussed later. 

From the simple experiments mentioned and the general con- 
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Stampinc Room or Fie. 1 WHen Property 


(Note uniform distribution of illumination, more cheerful appearance 
of area, and comparative ease with which details can be seen.) 


clusions drawn, it would seem reasonable to expect an increase in 
the working efficiency of a man, provided the lighting conditions 
outlined under what is termed “‘adequate”’ lighting prevail. This 
in turn should result in an increase in production, if an entire 
plant were properly lighted. If the operations were automatic 
to a great extent, however, the production increase would not be 
of the same magnitude as if they were almost entirely manual. 
But in either case an increase should be produced. 


Propuction TEstTs 


Based upon the foregoing conclusions, tests have been con- 
ducted in various plants in an effort to determine what actually 
happens when theory is applied to practice. These tests have 
been conducted in such a manner that they may be taken as 
criteria of what occurs. They include the keeping of records 
regarding the production obtained when using the old lighting, 
and similar ones after the new lighting system has been installed. 


MANAGEMENT 
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The comparative figures obtained represent, as far as is practical, 
the difference between the conditions obtaining under each sys- 
tem. A summary of several tests conducted in such a manner 
is given in Table 1. 

From these tests it is evident that an increase in production is 
obtained by employing the new system, the average increase 
reported being approximately 15 per cent, it should be borne 
in mind that no additional machinery, floor space, supervision, 


Fic. 3. ILLUMINATION OF A Die Press tn PLANT SHOWN IN Fia. 2 


(Shadows are eliminated at the critical point of the operation, namely, 
he die.) 


etc., has been used. The only additional expense has been the 
cost of the new lighting system. 

From records compiled during these tests and from the cost of 
the systems installed, the cost of the new lighting, in terms of the 
payroll cost, has been determined, and this in turn compared with 
the increase in production. 

Analysis of these figures shows that the desirability of provid- 
ing adequate illumination in a factory cannot be reasonably 
contested, inasmuch as the general average arrived at reveals 
an increase in production of 15 per cent with an increase in lighting 
cost amounting to approximately 2 per cent of the payroll cost. 
A distinct advantage is to be obtained without further increase 
in plant equipment, also a marked advantage when the highly 
competitive markets are considered and the importance of pro- 
ducing materials at the lowest possible cost consistent with good 
quality is paramount. 

So much for the direct benefits to be derived by the manu- 
facturer. 


II—INDIRECT EFFECTS 


Progressive executives are at the present time giving serious 
consideration to the safety of their employees, to the question of 
labor turnover, to the general health of those under their super- 
vision, and to that bugbear of manufacture, spoilage. 

Let us then determine whether or not the question of adequate 
lighting may be a factor in these problems. 


| 
eng 
i 
=< 
4 


84 TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


SAFETY 


The question most seriously considered today is that of safety. 
The slogan “‘Safety First’’ is one ever before the workman, yet in 
spite of this fact the expenditures necessary because of industrial 
accidents and the economic losses entailed annually are enormous. 
Lighting plays an important role in this serious question. 

Upon investigation, it is found that the greatest number of 
accidents occur during the winter months—in fact, there is an 
increase of approximately 100 per cent as compared with the 


AUTOMOBILE-Bopy PLANT 


(A uniform distribution of light is obtained by 300-watt lamps, spaced 
9 ft. & 10 ft., approximately 10 ft. from the floor.) 
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summer months. Fig. 5 presents an analysis made, month for 
month, for the period of a year. 

Inasmuch as the greatest number of fatalities takes place 
when the daylight period is shortest, at least a portion of this 
increase can be attributed to the lack of proper illumination. 
Estimates furnished from insurance reports attribute 15 per 
cent of all industrial accidents to defects in lighting. It might 
not be quite clear in what manner the inadequate lighting is 
responsible for the injuries sustained. Several examples, how- 
ever, will remove any doubt regarding this question. These 
examples follow. 

a An unshielded drop lamp is hanging low over a machine. 
The workman glances at the bright filament and is temporarily 
blinded. He reaches for a belt shifter and instead takes hold of 
the belt. The result is a lacerated hand, the sole cause being poor 
lighting. 

b Quoting from a paper presented by R. E. Simpson a repre- 
sentative of the Travelers’ Insurance Company, before the il- 
luminating Engineering Society: ‘A workman was hurrying 
down a dim passage through a store room. Some bar steel was 
piled at one side; one of the pieces projected beyond the others; 
he did not see it, and with full force ran it in his eyeball, perma- 
nently losing the sight of the injured member.”’ Again an acci- 
dent directly caused as a result of improper lighting. 

Accidents caused by stumbling over materials concealed in 
shadows, shadows on moving parts of machinery, and other 
examples can readily be traced to a violation of the principles out- 
lined for obtaining proper illumination. How does this phase 
of the question influence production? 

Each time an accident occurs there is a loss of time due to the 
temporary discontinuance of production; there is an added ex- 
pense for doctors’ services, compensation, etc., placed upon the 
management which must eventually be charged in the costs 
of manufacture; there is the disturbance of the morale of the 


TABLE 1 COMPARATIVE PRODUCTION WITH OLD AND NEW 
SYSTEMS OF FACTORY LIGHTING 
Increase 
in 
Average Average pro- Additional 
foot- foot- duction lighting 
candles candles with cost, 
with with new per cent 
old new system, of 
Shop system system percent payroll 
Pulley finishing (Pyott Foundry Co.) 0.2 4.8 35.0 5.0 
Soft-metal bearing (Foote Bros.)..... 4.6 12.7 15.0 2 
Heavy steel machine (Lee Loader & 
11.5 10.0 1.2 
Carburetor assembly (Stromberg 
12.3 12.0 0.9 
Plant manufacturing electric, gas, 
and sad irons (Dover Mfg. Co.).... 4.0 13.5 12.2 2.5 
at tool 
point 
Semi-eutomatic, buffing brass shell 
sockets (General Electric Co.)..... 3.8 11.4 8.5 1.8 
Manufacturing piston rings (Detroit 
Piston Ring Co.) 18.0 25.8 2.0 
Letter separating (U. S. Post Office 
Inspection roller-bearing plant 
(Timken Roller Bearing Co.)..... 2.0 20.0 12.5 2.5 
Average. 2.36 12.5 5.0 1.97 


other workers, this being especially true when working conditions 
are none too favorable throughout the plant; and above all, there 
is the bodily injury and suffering which the unfortunate work- 
man himself must undergo. 

The importance of this phase of the question can better be ap- 
preciated when the inadequate lighting is charged with an 
annual cost of $2,000,000,000 for the payment of compensation 
claims and the indirect losses suffered by the manufacturers of 
the United States.* Forgetting the humanitarian side of the 
question of safety, the economic side demands every executive's 
attention since this expenditure is a direct levy upon capital and 
an important factor in the determination of production costs. 

Upon the payment of a given premium by an employer to an 
insurance company, the latter will pay all compensation claims 
within the meaning of the law. An examination of thousands of 
industrial-accident claims has shown that for every dollar paid 
by the insurance carrier to satisfy compensation claims and 
medical charges, the employer must pay on an average of at least 
four dollars to cover the resulting costs of those accidents. 

An example of the importance of lighting in this question is 
cited by R. E. Simpson of the Travelers’ Insurance Company in 
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Vig. 5 SEASONAL VARIATION OF ACCIDENTS 
(When days are short, accidents increase; with better artificial lighting 
this winter peak would be leveled and the whole average considerably re- 
duced.) 


a paper presented before the Illuminating Engineering Society. 
Quoting Mr. Simpson, we learn that 


.& manufacturing concern employing an average of 1000 
workers had an annual payroll of $1,750,000, and paid a yearly com- 
pensation premium of approximately $22,000. For some time the 
annual number of accidents (many of them minor, none of them fatal) 
was approximately 425. The compensation payments and medical 
fees averaged nearly $15,000 per year, or about $35 per accident. 


3 Trans. Illum. Eng. Soc., vol. 23, no. 6, July, 1928. 
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The entire lighting system of the plant was revamped by sub- 
stituting large lamps with approved reflectors in place of the original 
lighting equipment, and locating the units in a proper manner with 
respect to the work. The electric-current consumption was increased 
from an average of 40 watts per employee to 100 watts per employee. 
The contract for the electrical work was $5000; and the annual 
lighting bill increased from $1900 to $4700. The accidents, however, 
dropped from an average of 425 to 170, and the compensation pay- 
ments were reduced to approximately $6000. 

If we apply the previously outlined 4-to-1 principle referred to 
earlier in this discussion, we find that with the original lighting system, 
the company paid $1900 a year for electric current and $59,500 to 
meet the hidden or uninsurable costs resulting from 425 accidents. 


Printing SHop InapequatTe ILLUMINATION 


(Poor distribution and glare present.) 
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ELIMINATED, AND THE INTENSITY INCREASED 


With the new system, the company paid $4700 for lighting and only 
$23,800 for the hidden costs of 170 accidents. The direct and im- 
mediate saving amounted to $35,700 and in addition to this, the 
favorable accident experience would have a weighty influence when the 
proper time came to adjust the compensation premium. 

From this it is seen that lighting has a distinct bearing upon 
the safety question, which in turn is an important factor to be 
considered in any industrial problem. 


Laspor TURNOVER 


The efficiency of any manufacturing organization is to a greater 
or lesser extent dependent upon the character, experience, and 
ability of its members. It is reasonable to assume that an in- 
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dividual who is familiar with his duties will better fulfil the re- 
quirements of his superior than one who is comparatively inex- 
perienced, all other things being equal. 

Based upon this assumption, we can expect a well-organized 
concern, composed of experienced workers, to produce more than 
one inferior both in organization and experience. 

Let us return then, for a moment, to our original conditions 
imposed upon workmen in inadequately lighted plants. 

In this case we have a greater accident hazard; if lighting 
conditions are inefficient, it is probable that other phases of the 
establishment are also somewhat obsolete; the management has 
not the best interests of the employee at heart, otherwise condi- 
tions would be considerably improved; and last of all, there is 
the possibility that the organization, inasmuch as it is not very 
progressive, cannot compare with others in a similar business 
as far as salaries and opportunities are concerned. 

Contrast this with our well-lighted plant and its progressive 
organization. Here the management is taking every means to 
protect the workmen; it is obviously progressive in one instance, 
so there is every possibility that progressiveness is practiced in 
other parts of the organization; it has shown its interest in the 


Fic. 8 Macutne Suop Licurep A MANNER TO INCREASE PRo- 
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workmen by providing pleasant working conditions; and in the 
final analysis the workman with a full realization of these condi- 
tions believes in his future with such an organization. 

Approximately half of a workman’s sleepless hours are spent in 
the performance of the duties necessary to bring him a livelihood. 
Would he rather spend these hours in poor or pleasant surround- 
ings? The answer is obvious. 

An exact measure of the labor turnover due to improper light- 
ing has not been made to date, but every executive is confronted 
with this problem, and one means of at least lessening the troubles 
connected with this phase of manufacture is to provide adequate 
illumination. 


HEALTH 


It is customary in most organizations at the present time to 
submit a prospective employee to a physical examination before 
he is employed. In other words, men and women of normal 
health are desired and always preferred. The reason is simply 
one involving the question of efficiency. An employee who is 
not healthy is necessarily inefficient because of this physical 
handicap. What factor is proper illumination in the maintenance 
of this health and the resulting efficiency? 

Again quoting Mr. Simpson, we learn that 
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....under normal conditions, twenty-five per cent of our physical 
energy is expended in seeing things—making use of our sense of sight; 
seventy per cent of our muscular actions are in response to impres- 
sions gained through our sense of sight; two-thirds of our workers 
have defective vision to an extent that requires them to expend more 
than twenty-five per cent of their energy to approximate normal vision 
under good lighting conditions. 

If then these statements quoted are fundamentally true, we can 
readily appreciate the manner in which our nervous system, and 
in time general health, can be impaired with improper lighting as 
one of the major contributory causes. 

Such being the case, it would seem quite advisable on the part 
of the manufacturer to guard against such conditions, especially 
when one considers the fact that so many other benefits are to be 
obtained. 


SpPorLaGE 


Complete information of a conclusive nature regarding this 
factor in production costs is not available. There is, however, 
some evidence that adequate lighting plays its part in the elimina- 
tion of this waste. 


Fie. 9 AN ExampLe or INnpustTriAL LIGHTING APPLIED WITH 
EFFICIENCY OF OPERATION AS THE FUNDAMENTAL REASON 


(500-watt lamps are used, spaced 10 ft. apart and equipped with suitable 
reflecting 


A survey of a large body-making plant which installed lighting 
equipment sufficient to provide illumination of a very high order 
shows that the saving in spoilage on one operation amounted to 
$30,000 for one year. This saving is credited directly to the 
lighting because the only change instituted that could produce 
such a saving was the improvement of the illumination. 


SuMMARY AND CONCLUSION 


In brief, then, several definite statements can be made relative 
to the question, “Light as a factor in production.” These are: 
1 Adequate lighting will produce an increase in production. 

2 Lighting has a distinct bearing upon the question of safety, 
and adequate lighting is an asset to be used in accident preven- 
tion. 

3 Adequate lighting decreases labor turnover. 

4 Adequate lighting is a factor in the continued health of 
employees. 

5 Adequate lighting tends to reduce spoilage. 

Inasmuch as these factors all enter into the question of the 
production of materials, but one conclusion can be drawn, i.e., 
adequate lighting is an asset to any industrial organization, this 
asset being of such a nature that when lighting is properly applied, 
materials can be produced in a cheaper, more efficient, and safer 
manner, all of which simply means a lower unit cost. 

In any industry where manufacturers are confronted with a 


highly competitive market, the production of materials at the 
lowest possible unit cost is imperative. Based upon the facts 
summarized in this paper, proper illumination has its distinct 
place in the successful operation of any plant. This is especially 
true when the multiple shift is considered as a vital part of the 
process of manufacture. 

A recent survey of twenty Detroit industries indicated that ap- 
proximately 35 per cent of the electrical energy consumed is 
used for lighting and 65 per cent for power. No doubt great 
care is taken in the selection of the motors and equipment used 
for the manufacturing processes, efficiency being the determining 
factor. It is questionable at times whether or not the same care is 
taken in the design of the lighting system. If this item is not 
given careful consideration, it simply means that 35 per cent of 
the energy expense is not being applied efficiently and the plant 
accordingly is not being operated on the most efficient basis. 

If, however, the lighting is considered as an asset to be used 
to best advantage, ample returns will be paid upon the invest- 
ments made in the proper application of this asset. 


Discussion 


Norman Macsets.‘ Mr. Harrison makes a statement in 
his paper that “As industry becomes more established the trend 
will probably be toward specialized lighting of this character 
for many industrial processes.” As I visualize the lighting 
situation today, in many industries, as referred to in Mr. Har- 
rison’s paper, it is comparable to the old-time power application 
with the steam engine or water wheel. There was a main driving 
belt to a main shaft which extended the length of the building. 
All machines were off this main line. Then we progressed to 
electric motors on a group drive plan, and later to the individual 
motors adapted to the demand. Imagine a shop under the 
group-drive system with 10-hp. motors at regular intervals and 
one department buys a high-speed machine to increase pro- 
duction. That machine requires a 50-hp. motor. Extra wiring 
will be required, and the electrician advises that the speed be 
reduced so that a 10-hp. motor will do the work. I do not 
think that he would be saved the trouble of installing the 50-hp. 
motor. Extra lighting is too often treated in just that manner. 
Slow machine speed is recognized as an undesirable interference 
with production. Slow vision through inadequate lighting 
is, however, somewhat general, but not so readily appreciated 
as a production factor. The electrical engineer is strong on 
the conservation of electrical energy, let it cost what it may in 
production. 

There is no reason why a specialized lighting installation should 
not be made wherever required and a proper amount of light 
of the necessary quality furnished a particular job. 

In the paper on “Light as a Factor in Production” the authors 
state that the object of the paper is to deal with the question 
of light as a factor in production, and further on in the paper, 
referring to power, say, ‘‘No doubt great care is taken in the 
selection of motors and equipment used for manufacturing proc- 
esses, efficiency being the determining factor.” 

I saw a representative a short time ago from a national cor- 
poration that required every new piece of labor-saving equip- 
ment to qualify on three points: (1) it must require less effort 
from the operator; (2) it must assure a higher pay to the operator; 
(3) it must make more profit for the company. 

I noted in a recent survey that where better lighting increased 
production the piece rate was out, and I think you will find 
that in many instances where improved lighting installations 
have been made and production has not been increased it is 
generally known that increased production will not show in 


4 President, Macbeth Daylighting Co., Inc., New York, N. Y. 
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the pay envelopes, consequently the desired increased production 
is not forthcoming. 

There was an article recently in one of our business publica- 
tions about a foreign banker who had noted in a tour of American 
banks the number of typewriters, adding machines, billing 
machines, and other devices which were in general use. He 
looked up the manufacturers and placed orders for the necessary 
equipment. On his return home the American methods were 
put to work. He fired twenty men out of every twenty-five 
as the five remaining could do the work. Later in telling of his 
experience to an American acquaintance he was asked, ‘‘What 
about the five men now on the job—did they get more money?” 
To which he replied, “Certainly not. Why should they? It 
was my machines which permitted the labor savings,’ and the 
acquaintance replied, “Then you haven't fully adopted the 
American method.” 

I recently noted a certified performance survey of an auto- 
mobile-body building plant where they had increased the illumi- 
nation intensities from 6 foot-candles to 16, from 6 to 14, 4 to 
18, and 16 to 60 in different parts of the plant. One result was 
that the labor turnover was reduced. In a metal-working plant 
the piece rates were reduced 8 per cent, which returned 64 
ptr cent above the investment. The putty-glaze line was speeded 
up with 12 men dropped, saving over $30,000 a year. The 
striping work was done more perfectly, saving $1600 a year. 
The finish-polishing work improved, cutting out 19 men on 
repair work, also saving at the rate of over $30,000 a year. 
The lighting equipment to do this work in many places paid 
for itself in a very short time, in one instance in 9'/, days. 

The name and location of this plant are withheld, for there is 
still considerably individual jealousy throughout the manu- 
facturing field. I had a case a short time ago in the plant of a 
large publisher of national magazines. We supplied certain 
necessary equipment at a cost of about $5000, which doubled 
the production capacity of a half-million dollar plant. This 
fact was admitted. Could we get photographs and a statement 
to that effect? No, it was not possible; that had been ruled 
against years ago. “Why?” “Well, we use motors to drive 
the presses; if the manufacturers of the motors we use should 
advertise that fact, the manufacturers of a competitive motor 
who advertises in our publications would resent it and probably 
make trouble for our advertising department.’’ And so it is 
through many industries. It is difficult, therefore, to place 
located facts before the management of many plants that need 
proper illumination. 

Many of our problems are without previous satisfactory 
solution. A telephone cable man asks, ‘‘How much light should 
we use and of what quality to enable us to identify 1200 wires 
in a cable.’ They were all of different color and somewhat 
stained with paraffin. I replied that I did not know, and asked 
him to bring over some sample wires. He brought over a 
hundred wires, and on one end of each was a tag noting the 
color. We started with low intensities of artificial daylight, and 
finally found an intensity where the colors could be fairly guessed 
at. A photometric measurement showed that an intensity of 
1000 foot-candles was required. And then the radiant heat 
question came up. Even an asbestos shirt would not help an 
operator working under such an intensity of artificial light. 

We had the case of an abrasive-wheel manufacturer who was 
losing $50,000 a year because of improper inspection under 
artificial light. An investment of $500 in proper lighting equip- 
ment stopped that loss. 

A few hundred dollars in special lighting equipment put a 
coffee-roasting plant on 24-hour a day production and stopped 
the building of a plant extension. 

We were asked to design a lighting arrangment under which 
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certain textiles could be examined. The cost was not to exceed 
$50. It could not be done at the price. Later on, another 
manufacturer stated that he would not take a chance on examin- 
ing under artificial light. ‘“I might make one mistake which 
could easily cost me $500.” While this equipment could not 
be produced for $50, it could be and was readily made for just 
half the cost of one mistake. 

The dye-house problem has not been an easy one to solve. 
New equipment affording intensities around 500 foot-candles 
is now promising to relieve that situation. 

There is just another point I desire to emphasize in connection 
with these papers. If you have been impressed with the im- 
portance of adequate lighting for production, do not wait for 
some one to come to sell it to you. You must go out and ask 
for it. Our lamp and equipment manufacturers are apparently 
assuming that the high cost of lighting equipment has retarded 
sales, and as a consequence the margin of profit is now about 
like that on sugar in a grocery store. The grocer expects, when 
your wife comes in to buy sugar, that she will purchase some- 
thing else on which he can make a profit. She can be reasonably 
safe in making her selections, as practically all of the grocer’s 
stock is subject to the pure food law. 

We, however, have no “‘pure food law” in lighting. An ad- 
vertising agent protested recently in Printers’ Ink that he 
“should not be asked to put a halo around a turnip and sell it 
for a rose,” which accounts for the exaggerated statements in 
much of the present advertising of technical products. To 
the publisher any advertising of lighting equipment is technical, 
and the principle followed seems to be, as one publisher has 
stated, “‘We endeavor to prevent misstatements of fact, but 
is it not true that if an advertiser makes such misstatements the 
consumer will quickly discover the fallacy and the advertiser's 
business will suffer.” Which indicates an open door to anything 
you can get away with in the advertising of lighting equipment. 


A. L. Powe...’ I feel that you men in your broad me- 
chanical engineering problems have a real need for the knowl- 
edge of lighting, because from your very home life to your 
detailed work at the plant, you are called on to furnish suitable 
illumination. 

There was one point in Mr. Harrison’s paper that has impressed 
us practicing illuminating engineers very strongly within the 
last three to five years, and that is this question of inadequate 
wiring. We have a number of engineers traveling throughout 
the country from one job to another, giving consulting service 
and acting in the capacity of designers of lighting systems. 
All too often these men find that the plant owner realizes all 
the features which Messrs. Munroe and Cook have set forth 
and is very desirous of supplying better lighting for his work- 
men. The engineer recommends lighting up to the present- 
day standards. The customer is ready to proceed, and then 
finds that there is decidedly inadequate wiring available even 
though the plant is of fairly recent construction. 

Many times the expense of rewiring is so great that the owner 
finds it impossible to justify a modern system in spite of its 
advantages. Even today buildings are being erected with 
risers and feeders of so small a size that good lighting cannot 
be obtained. We are finding the situation much worse right 
now than it was ten years ago, because in the days of the carbon 
lamp with its relatively low efficiency it was necessary to put 
in quite heavy wiring to carry the load. When the Mazda 
lamps were substituted for carbon lamps, the surplus wiring 
made it possible for us to obtain several times the illumination 
level that was previously employed. 


5 Edison Lamp Works, Harrison, N. J. 
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F. M. Gipson. There is one fact I would like to bring out 
in the matter of safety, and that is the liability—not only liability, 
but the actual occurrence—of broken glass in food products, 
and also the difficulty of the average plant engineer to find 
equipment that will safeguard exposed food products from 
broken lamps; not only the exposed food products, but in cases 
where the repair men go in the room with the processing equip- 
ment or where bins containing food ingredients are kept. The 
glass does get into the food sometimes, and it is quite an im- 
portant item. It is an item that we do not discuss very much 
in public, but we do hear from it quite frequently. I would 
like to bring that up as a problem so that we may be able to get 
a little better equipment on the market for that type of pro- 
tection. 


AvuTHOR’s CLOSURE 


Mr. Harrison. It is a little difficult to know just what 
questions I should attempt to answer and the ones that should 
be referred to Mr. Cook. 

I presume, however, the question relating to food products 
and glass would come under the heading of designing a system, 
and there I would be inclined to go as far as I could in seeing 
to it that, where possible, the lighting units were not placed 
directly over the food. One way of accomplishing this is to use 
the projectors, which have been referred to once or twice, di- 
rected diagonally downward on the work. In this system if 
any glass falls from the light it will not be in the food. Another 
way of handling the matter has been by means of wire-glass 
cover plates over the open mouth of the reflector. This gener- 
ally is sufficient protection. 

I was interested and concurred entirely in the remarks that 
Mr. Macbeth made about specialized lighting for specialized 
The trouble with the modern lighting systems is 


purposes. 


® Plant Engineer, American Refining Co., Brooklyn, N. Y. 
A.S.M.E. 
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that they have been developed slowly over a period of some forty 
years instead of being introduced new and complete as a finished 
invention to the public, and as you well know familiarity seldom 
breeds respect. If you buy a machine and pay five or ten 
thousand dollars for it, you are jealous of it, if you have never 
had one that did that particular operation before. But we are 
accustomed to lighting, and unfortunately we are accustomed 
to poor lighting. 

That is one reason why I stressed the question of wiring, for 
if you wire a building adequately and flexibly, there is not so 
much to overcome in meeting the demands upon the artificial 
lighting system. 

Relative to the question of windows and repainting, I presume 
the reason it does not particularly help the building from the 
standpoint of the lighting is because the light does not strike 
the walls. It comes through openings in the walls. However, 
in the case of artificial lighting with the light sources inside, a 
portion of the light is directed toward the walls, and therefore 
you can add to the efficiency of the system by having these 
surfaces finished in a light color. This, moreover, is true in 
both cases, that regardless of how much light is added you can 
make a room appear brighter and more cheerful if the walls do 
not seem dark and gloomy. . 

Mr. Cook. Mr. Hamilton raised a question regarding the 
lighting of machine shops. There is a photograph in the paper 
on “Light as a Factor in Production,” of a shop in which 200- 
watt lamps are being used with an intensity of approximately 
10 foot-candles. The reflectors will have an average spacing 
of 10 by 10 ft. centers. 

While some of the problems brought up have applied to 
large textile plants and in a good many cases to the automotive 
industry, still, in Detroit, we find the larger percentage of our 
service recommendations are made to the smaller plants rather 
than the larger, so that they benefit, too, in a measure, from 
that which takes place in the larger plants. 
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The Synchronization of Sales and Production 


Since the early days of the United States, the fundamental eco- 
nomic factors governing American business, and business methods, 
have undergone a marked change. The era of exploitation of 
natural resources in a new country is past and the emphasis has 
been shifted from production to marketing and the means for effecting 
the coordination of the activities in these two important departments. 

Our prosperity, both agricultural and industrial, depends to a 
large extent upon the ability to export surplus production. Severe 
competition has developed from both domestic and foreign products 
and the rehabilitation of European industry will only serve to make 
the situation more acute. The persistence of a hand-to-mouth 
buying policy, and the development of the style factor, are other 
examples of the new economic era. 

The American executive has realized that the methods of yesterday 
are unsuited to the problems of today, with the result that a new 
technique is being developed which visualizes business as a co- 
ordinated and well-balanced whole. In the majority of cases, 
this coordination revolves about some kind of a budget. Operating 
schedules are based upon forecasts prepared by the sales department, 
which in turn presumably has made its plans upon careful market 
studies. It is thus possible to prepare a financial budget well in 
advance of operations and to estimate the effectiveness of the pro- 
posed program. 

The author gives some specific illustrations of the new method 
as applied in an organization producing a variety of products in 
scattered plants. 


URING the early summer of 1927, Harvard University 
I) dedicated a magnificent group of buildings to the develop- 

ment of business as a science and asa profession. In de- 
scribing this event to the world at large, writers in many fields 
of thought heralded the event as being significant of a new era 
in the conduct of industry and commerce. The methods of 
yesterday had been found unsuited to the problems of today, 
with the result that a new technique was being developed, a 
technique which visualized business as a coordinated and well- 
balaneed whole. 

The American executive has read the writing on the wall and 
has already made much progress toward meeting the require- 
ments of the new situation, which is exemplified by the many 
ingenious and effective schemes for synchronizing the activities 
of the sales and production divisions. 

In discussing the problems of modern business in connection 
with the functioning of these two important departments, it will 
of course be impossible to conjure up any general formula which 
will be applicable to each and every situation. Much of the 
latter-day criticism of Taylor has been due to the efforts of certain 
misguided individuals who had mistaken a particular system for 
a fundamental philosophy. It is extremely improbable that 
any two companies have exactly the same problem, and hence 
the executive concerned must work out his own solution after a 
careful evaluation of all of the facts involved. Much, however, 
can sometimes be derived from an exchange of ideas and ex- 
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periences, and it is therefore the object of this paper merely to 
set up the problem preliminary to an open discussion from the 
floor. 

For the sake of convenience and clarity, the author will con- 
sider: 


1 The general economic developments which have made 
the close cooperation of sales and production divisions 
of prime importance 

2 A recapitulation of the fundamental methods which have 
been employed as a result of these economic changes, and 

3 Some specific applications of these methods in a going 
business concern. 


Tue Economic BackGRouND 


Although economic evolution is usually a matter of gradual 
change, the commercial history of this country may be roughly 
classified under two periods, namely, the 19th and 20th centuries. 
In the former period the resources of a new land were being ex- 
ploited to a great degree, and the problem was largely one of pro- 
duction rather than one of marketing. Railroads were reaching out 
into new territory and the population was following them with 
great rapidity. It was an era of the small business, and these sprang 
up at many points throughout the land. We were, to a large ex- 
tent, dependent on Europe, and until about 1830 imports exceeded 
exports. The 20th century, however, saw a very different situa- 
tion—one which has constantly grown more acute and more pro- 
nounced, and the problems of which we are facing today. 
The era of initial exploitation is practically over and the funda- 
mental problem is one of developing markets to absorb the output 
due to our tremendous productive capacity. We are no longer 
an importing nation and have not been for many years, the latest 
available figures for 1928 indicating an export surplus of approxi- 
mately one billion of dollars. Industry, as well as agriculture, 
is adopting intensive programs of merchandising and distribution 
caleulated to penetrate the markets of the world. These pro- 
grams are considered necessary in order to care for the surplus 
capacity of our productive machinery. 

The dislocation of business in general, caused by the World 
War, aided us in securing footholds in many fields which had been 
largely closed to us before. Likewise, the post-war period con- 
tained many factors favorable to the continuance of operations 
in these new fields because of the time required for Europe to 
place her industrial mechanism on a peace-time basis and be- 
cause of the handicaps of an unstabilized currency. It is true 
that in some instances a depreciation of the foreign exchanges 
tended to stimulate exports from foreign countries to the detri- 
ment of domestic manufacturers, but, on the other hand, countries 
dependent on outside sources for crude materials found it 
difficult, indeed, to purchase economically with a currency which 
was constantly declining or in a state of violent fluctuation. 
Today, however, Europe has largely succeeded in returning to 
the gold basis, or at least to the gold standard of exchange, and 
has also succeeded in reorganizing her industry in accordance 
with peace-time requirements. Reparations, which are just 
now occupying the attention of the world, have appeared in a 
large measure to redound to the benefit of our former enemies and 
present business rivals. We have loaned them millions of dollars 
which have been used to rehabilitate their countries in order that 
they might be in a position to produce the goods with which to 
make payments in kind, and with which to develop their com- 
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merce and thereby accumulate the necessary credits which could 
be used in the payment of war and commercial obligations. As 
a result of all of this, American business is meeting strengthened 
competition, both at home and abroad, and the immediate 
future gives every promise that this activity will go on with 
greater intensity. 

Many who are engaged in foreign fields are finding that much 
closer attention must be given to the psychological and national 
characteristics of each market if such markets are to be held for 
American business. This means that the sales and production 
departments of such concerns must work in the closest harmony 
in order that any additional costs involved may be evaluated 
against the merchandising benefits to be gained thereby. 

Another important factor which has had, and is having, a great 
bearing on the topic under discussion, may be found in the policy 
of hand-to-mouth buying which has characterized the period 
since 1920 and 1921. Orders are now being placed with manu- 
facturers covering much shorter intervals than heretofore, and 
the problem of scheduling production is consequently more com- 
plex and uncertain. In the opinion of some writers this situation 
is here to stay, but, personally, the author is wondering what the 
policy will be when we are once more in an era of rising prices, 
during which time the temptation to speculate is very great. 

Closely allied with the problem of hand-to-mouth buying is the 
factor of gtyle, which has assumed pronounced importance during 
the last few years. The textile business has been especially 
affected by this situation and has been forced, as a whole, to re- 
organize traditional policies. Formerly mills decided what would 
be produced and expected the public to buy it. Today the public 
is in the dominating position, and the mills have their ear con- 
stantly to the ground in order that they may be prepared to follow 
the vagaries of popular demand. The Pacific Mills, for example, 
have established what may be called a “style research depart- 
ment”’ for this particular purpose. Ingenious schemes have been 
worked out by management engineers, both inside and outside of 
the industry, for the purpose of controlling production. Sales 
managers may know from day to day the exact state of mill in- 
ventories, both finished and in process, of any particular design 
and upon word from the field that a certain style is waning in 
popularity, orders may be issued to dealers regarding the necessity 
for unloading, and the mills can immediately switch goods in 
process to another and more popular article. This practice 
has served to prevent the accumulation of large inventories of 
obsolete goods, and at the same time has allowed a greater flexi- 
bility in meeting the demands of fashion. 

These general economic conditions have served, however, to 
reduce the margins of profit in many lines, and current financial 
reports continually stress the fact that although we are in an era 
of apparent prosperity, profit margins are continually narrowing. 
As a result, great sums of money are being spent in both technical 
and commercial research. Every effort is being made to reduce 
the cost of goods sold, both from the point of view of production 
and that of distribution. Substitutes have been developed for 
a number of commodities, excellent examples of which may be 
found in fields where wood was formerly in universal demand. 
We have, for example, many varieties of artificial shingles and 
synthetic wall board, to say nothing of the efforts now being 
made to substitute cornstalks for wood pulp in the paper industry 
The lumber business of this country has undertaken a most com- 
prehensive program which embraces a thorough study of market- 
ing methods and policies, as well as the development of by- 
products from former waste material of their mills. 

There are a number of other basic industries in the United 
States which are at the present moment endeavoring to find the 
way out of an economic morass which has been due, in a large 
measure, to maladjustments between production and distribution. 


The so-called agricultural problem is one of these, and a special 
session of Congress has been called in an effort to devise means 
whereby the producer can increase his margin of profit. Many 
suggestions have been made for subsidizing agricultural produc- 
tion and for the disposition of farm surpluses abroad. Funda- 
mentally, the difficulty seems to be a combination of excess capa- 
city and heavy overhead expense due to the acquisition of farm 
lands at high values during the boom period of the war. Industry 
was afflicted with the same problem and has been forced to re- 
trench at heavy expense to the stockholders. The agricultural 
interests, on the other hand, have endeavored to avoid facing the 
real issue involved and have hoped to devise a means whereby 
the public can foot the bill. 

The marketing methods of agricultural commodities undoubt- 
edly may be improved, but it is questionable whether such im- 
provement would be sufficient to offset the fundamental malad- 
justment between production and consumption and the burden of 
depreciating land values. 

The representatives of the petroleum industry have recently 
met in New York in an effort to restrict production, because the 
inventories of oils are piling up to such an extent that the earnings 
of the industry are at a very low point. Here again we see the 
problem of synchronization between sales and production il- 
lustrated on an international scale. 

As the author sees it, the fundamental problem was very well 
stated at a meeting of the British Association for the Advance- 
ment of Science, held recently in Glasgow, Scotland, where the 
late Prof. Allen A. Young made this comment: 


The great change, I imagine, is in the new importance which the 
potential market has in the planning and management of large in- 
dustries. The search for markets is not a matter of disposing of a 
surplus product, but of finding an outlet for a potential product. 
Nor is it wholly a matter of multiplying profits by multiplying sales; 
it is partly a matter of augmenting profits by reducing costs. 


Again, the reaction of the modern executive to these economic 
conditions may be seen in the comment of Mr. Donaldson Brown, 
vice-president of General Motors Corporation, in his foreword 
to Mr. Shibley’s new book, ‘‘The New Way to Net Profits:” 


Forecasting and planning are the essence of modern-day business 
management and are vital to industrial prosperity. The focal 
point of the system is the sales outlet. The flow at this point must 
be gaged, and every other activity must be coordinated with it. 
The constructive aspect of gaging and checking ultimate consumer 
demand is no less important than statistical observation, and various 
factors of influence are designed favorably to affect the consumer de- 
mand for our product. Due to this control, American business and 
industry will some day approach the ideal of stabilization sufficiently 
to free us from the bogy of the business cycle. 


Tue New TECHNIQUE FOR CONTROL 


Out of the pressure of these modern business conditions has 
come a new technique of business management, which, in the 
majority of successful concerns, revolves about some kind of a 
budget. The detail with which the budgetary idea is carried 
out, and the degree to which research is used in ascertaining the 
fundamental data, varies considerably with the size of the busi- 
ness unit, as well as with the type of activity in which it is en- 
gaged. In general, the principal looks to the effective coordina- 
tion of the various departments of business through the setting up 
of preplanned operating schedules based, in the first instance, 
on the estimate of sales as furnished by the distribution de- 
partments. 

The method used in the preparation of sales estimates varies 
widely between different organizations, but companies which 
have carried this phase of their work to a high state of develop- 
ment usually employ the data furnished by their field organiza- 
tion and by the commercial research department of the central 


office. In many instances this budget covers a period of a year 
and takes into account the capacity of the markets by geograph- 
ical territories, the share of that capacity which should belong to 
the business, and the amount of that share which should be 
obtained during the period under consideration. Where this 
preliminary investigation is carried on with care and thorough- 
ness, sales executives have been able to predict the results of their 
activities with surprising accuracy, as may be illustrated by the 
success of the Walworth Manufacturing Company. 

The basic surveys may often be used to advantage in determin- 
ing the advisability of developing the market for other products, 
either old or new, with a view toward the greater stabilization 
of profits and the more effective utilization of both production 
and distribution equipment. When considering new products, it 
is important that the division of commercial research should work 
in close cooperation with the technical staff, in order to make 
certain that such products will be both technically and commer- 
cially correct. Experience has shown that in planning market 
surveys and analyses it is important to reach back as far as pos- 
sible toward the ultimate consumer. Those industries whose 
markets depend upon a derived demand are usually in a more 
difficult: position, from the point of view of sales planning, than 
those who can analyze the points of ultimate consumption. 

The outstanding corporations of this country, such as United 
States Steel, General Electric, American Chicle, and Mont- 
gomery Ward & Company, are carrying this phase of market 
analysis to a high degree of perfection. 

On the basis of the sales forecasts the production divisions pre- 
plan their operating schedules in order to assure the lowest level 
of manufacturing costs possible under the conditions. This 
tentative schedule permits the stabilization of personnel and the 
arrangement of purchasing schedules. Inventories are set at 
the minimum required to cover the needs of purchasing, manu- 
facturing, and distribution. With their program complete, pro- 
duction executives are in a position to prepare the financial bud- 
get for their department which, together with the other depart- 
mental budgets, will serve as the basis for the preparation of a 
tentative financial schedule and the estimated financial state- 
ments. If the fiscal budget is not satisfactory, revisions will un- 
doubtedly be made in the operating plans until a satisfactory 
result is achieved. 

It is essential that budgets be looked upon as guides—-as tools 
of management, but not in any ‘sense as a rigid standard which 
must be followed. The budget should be flexible and revised 
periodically, but every effort should be made to obtain correct 
original forecasts. Accuracy is of particular importance in those 
instances where materials have to be arranged for well in advance 
of consumption and where the production process is long and 
comparatively inflexible. A carelessly prepared budget is worse 
than useless in view of its reaction upon the morale of the organi- 
zation concerned and upon those economies which might have 
been achieved. The production organization is very apt to feel 
that the distribution division is not sufficiently familiar with the 
requirements of its job, and, likewise, the salesmen in the field 
may grow to regard the budget as so much useless, ineffective red 
tape. 

From the standpoint of costs, defective budgets are serious in 
that production schedules must be continually rearranged, and 
inventories of both raw materials and finished stock get decidedly 
out of line. Indeed, instances have been known to occur where 
certain operations were entirely shut down, and where at other 
times the demand was such as to necessitate overtime schedules 
in order to meet the requirements of the market. Failure to 


make deliveries on time may have a serious effect on the good- 

will of the company, a type of damage which is difficult to measure 

in dollars and cents. 


Purchasing schedules, likewise, are thrown 
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into confusion, and rush orders with their accompanying high 
costs have to be placed with suppliers. Most of us have been, 
at one time or another, in the position of having to pay exorbitant 
rates to the suppliers who knew full well that time did not allow 
the securing of bids from competitive manufacturers. 

In those industries where labor is an important factor, fluctua- 
tions in production schedules are very undesirable, because of 
the unfavorable reputation which may be developed in the local 
labor market. In these times workers, as a rule, desire regular 
employment, and the company which has the name of arbitrarily 
and continually laying off personnel with the ebb and flow of 
production frequently finds it difficult to obtain the proper class 
of labor when it is needed in a hurry. Furthermore, the effi- 
ciency of production is always lowered until the new employee 
can be broken in to the job. 

Unstabilized operations in both the sales and production de- 
partments will result almost certainly in the higher cost of goods 
sold and in the consequent reduction of net profits. The execu- 
tive management responsible will feel under pressure to remedy 
this situation by reducing costs and by increasing sales. Unless 
great care in judgment is exercised, this drive to meet the budget 
will merely add to the confusion. Sales may be stimulated by 
various artificial means which in many instances result in loading 
the dealer, who will in consequence stay out of the market for 
some time to come. Furthermore, if financial incentives are 
used, the cost of moving these goods is excessive. In short, such 
a policy merely robs the normal sales in a future period in order 
to bolster up a poor estimate in a past period. In the case of 
perishable and semi-perishable commodities, this policy is almost 
sure to result in a large increase of returned goods, which cannot 
help but affect, in some degree, the good-will of the public toward 
the products in question. The author does not believe that in 
the long run the dealers themselves like the idea of carrying 
large stocks of goods which serve to reduce their turnover, and 
hence the net profit on the investment concerned. ‘This con- 
sideration will become of increasing importance as operating 
statistics and standards are more widely disseminated by trade 
associations and other similar organizations. For example, the 
Bureau of Business Research at Harvard University has compiled 
a large amount of material relative to retail-store operations in 
various lines of business. From the production point of view, 

efforts at cost reduction frequently take the form of wage adjust- 
ment, and the result is sure to be depressing. In the author's 
opinion, reduction of wages should be resorted to only as a final 
means of retrenchment—certainly not the first, as in business 
crises the organization, as at no other time, needs the full coopera- 
tion of its personnel. 

There is also a tendency in companies where the management 
is weak to sacrifice quality. Small changes are frequently 
made on the excuse that the result is just as good and the public 
will never know the difference. The public, however, usually wil! 
know the difference sooner or later, and will render its verdict 
accordingly. The personnel of the organization will know the 
difference at once, and its respect will suffer accordingly. There 
is nothing so stimulating as having the entire organization im- 
pregnated with the idea that only the best shall receive the 
company’s trademark. The reaction of leadership upon the 
rank and file is just as apparent in business as it is in a military or- 
ganization. 

In general, the problem of coordinating industry with its 
markets requires, first, a careful consideration of all the facts in 
the case, and upon these facts the preparation of operating sched- 
ules which will allow the most effective operation of the concern 
as a whole. Flexibility must be provided for in order that the 
subsequent development of unknown factors may not disrupt 
the entire schedule. This adaptability of the program is par- 
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ticularly important during the development of foreign markets 
where the psychological and legal problems cannot be forecast 
with any degree of certainty. The recent Mexican revolution 
has brought this point home to many domestic companies. 


SpeciFic APPLICATIONS OF INTERDEPARTMENTAL COORDINATION 


In the following paragraphs an attempt will be made to point 
out some of the problems which have been met in a number of 
concerns doing an international business, one of which produces 
a variety of products in plants located in widely separated local- 
ities. The concerns to be described are now engaged in the proc- 
ess of developing various types of controls and mechanisms for 
interdepartmental cooperation, and these are either already in- 
stalled or in the process of development. 
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In general, the entire structure hangs upon the company bud- 
get, which is prepared by the sales department on the basis of 
reports from the field and data supplied by statistical analyses 
at the central office. These forecasts serve as the basis for the 
preparation of production schedules. Every six months the 
production division receives a twelve-months forecast, by 
months, from the distribution divisions, so that at no time does 
the budget cover less than a six-months period in advance. On 
or about the 20th of each month, revised estimates are furnished 
operating executives upon which the production schedules are 
built for the following thirty days. The inventories are estab- 
lished to meet the needs of the purchasing, manufacturing, and 
sales divisions, and are so devised as to absorb fluctuations which 
could not be foreseen at the beginning of the period. In this 


manner it is planned to secure a full month of continued and 


uniform production. In one of the organizations, a number of 
different plants contribute to the assembling of the finished prod- 
uct, and the schedules of these units are geared in to that of the 
main organization. Production costs are thus kept at a mini- 
mum, labor turnover reduced, economical purchasing schedules 
arranged, and the distribution department supplied with the 
goods desired when it requires them. 

It is believed that such a plant develops a business-like at- 
mosphere throughout, and forces the departments concerned to 
thoroughly study the factors affecting their various problems. 

Arrangements are made so that the executives in charge of 
sales, production, and finance discuss jointly problems affecting 
their respective departments. When the foreign department, for 
example, contemplates a new method of packing, a new label, 
or a new size of container, the proposals are analyzed with the 
production division in order that data may be at hand to deter- 
mine whether or not the increased cost will be warranted in 
view of the merchandising advantages to be gained. After all, 
the ultimate gage of effective operation will be the profit and loss 
statement at the end of the period. 

It is not believed that a minute description of the forms em- 
ployed or of the detailed problems involved will prove of great 
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interest, inasmuch as they are probably peculiar to the individual! 
companies concerned. The accompanying charts, however, will 
indicate some of the high spots encountered during the develop- 
ment of this work. 

The first chart, Fig. 1, showing monthly sales corrected for 
seasonal variation, indicates that the sales of the commodity 
concerned are fundamentally uniform. This analysis was made 
because the sales curve itself, as indicated by the heavy line in 
Fig. 2, showed violent seasonal movements much to the distress 
of the production divisions. After it had been determined that 
there was no fundamental economic movement in addition to sea- 
sonal variations, a study was made which showed that these vari:- 
tions were due almost entirely to what are known as pool-car 
periods. It frequently happened that shipments on the thirty- 
and sixty-day schedules coincided with those made on the ninety- 
day basis. As previously pointed out, the heavy line in Fig. 2 
represents actual sales over a considerable period. Analysis 
showed that had the car shipments been “‘staggered”’ by districts. 
and by territories within the various districts, the shipping schedule 
would have been as indicated by the dotted line. Hence, by ® 
purely administrative function, the production schedule and al! 
the various factors relating to it were stabilized to a great degree. 
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It so happened that certain of these products were of a semi- 
perishable nature and large inventories could not, with safety, 
be built up to meet the peaks. Hence the labor turnover had 
been high and the payroll cost accordingly inflated. On the new 
basis, turnover was decreased, payroll costs reduced, and the in- 
vestment in inventories kept at a very much lower level. 

Fig. 3 indicates the relation between the volume of production 
and the unit cost. In the case shown, part of the increase in unit 
costs was due to materials, part to labor, and part to overhead 
charges. In other words, all three of the major elements of pro- 
duction were affected. 

In order to be better able to plan production schedules at an 
economical level, and to determine when it was better to accumu- 
late inventories rather than to decrease production, studies were 
made, the results of which were tabulated as shown in Fig. 4. 

It will be noted that the critical point is reached at about the 
thirty-machine level of operation, and that above this point 
operating economies are not achieved by merely increasing the 
volume of production. On the other hand, below the twenty- 
machine level, the costs rise rapidly. In this particular instance 
the explanation is to be found in the fact that the fixed overhead 
charges do not affectrthe unit cost to any appreciable extent, i.e., 
they form but a small! proportion of the total cost. On the other 
hand, as production decreases, these fixed charges become of 
greater significance and tend to distort the unit costs. On several 
occasions it was decided to maintain production in spite of a 
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decrease in sales, because the expense of disposing of the surplus 
by means of special marketing devices proved to be less than the 
cost of operating at lower levels. 

Fig. 5 illustrates the means by which the production division 
controls inventories of a large number of different items. The de- 
mand for these items varies from month to month, and the 
ordering periods necessary for safety frequently run as high as 
three to six months. The two intersecting straight lines on the 
chart represent (1) the estimated consumption according to the 
sales budget and (2) the resultant decline in the inventories, 
assuming a uniform monthly consumption. 

It formerly had been the practice to use the average monthly 
consumption of past years as a means of gaging the length of time 
current inventories would last. This of course did not give the 
necessary consideration to trend and to unusual conditions. 
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Where many items must be considered, it is difficult to set up 
controls that will guarantee a reasonable amount of safety in 
this regard. In this instance it was decided to plot the inventory 
and consumption curves on different scales, the relationship be- 
tween these scales depending on the length of time that would be 
needed to reorder the materials. In the example shown, six 
months was the ordering period, and hence the consumption scale 
was made six times as large as the inventory scale. Whenever 


the current inventory line (heavy black) crosses the current con- 
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sumption line (dotted) a warning is sounded that the danger point 
has been reached. It has been found that this method presents 
a clear picture as to the trend of events—how well actual condi- 
tions are checking up with the estimates furnished by the sales 
department—and provides a visual means of determining at a 
glance whether or not a given supply of materials should be re- 
ordered. There are a great many variations to this type of con- 
trol chart and they have been found exceedingly valuable and 
effective. 

The question frequently arises as to whether committees are 
valuable, or ideal, in effecting cooperation between the various 
departments. The answer, the author thinks, depends a great 
deal upon the particular situation involved and upon the personnel 
of the committee, especially its chairman. On the whole, how- 
ever, he is inclined to agree with Napoleon, who is credited with 
saying that no battles were ever won by a committee. 

Experience seems to show that a committee tends to slow 
down the wheels of progress, especially where that committee is 
supposed to deal with factors which may require prompt atten- 
tion. As far as possible, the author prefers to see the responsi- 
bility and authority for making decisions placed in the hands of 
one executive who has the privilege of calling to his aid the 
advice and experiences of others in the organization. This 
greater flexibility is conducive to dispatch, and the quality of 
the results does not seem to suffer, since where there is responsi- 
bility there is usually the necessary amount of caution and thor- 
oughness. 

SUMMARY 


In general, therefore, it would seem that the economic move- 
ments of recent years have given rise to a condition of severe com- 
petition from both domestic and foreign markets. Profit mar- 
gins have been reduced, with the result that every effort is being 
made to hold the cost of goods sold to a minimum—a goal which 
can only be effectively reached by the preplanning of activities. 
Likewise, the distribution department must be prepared to render 
prompt and effective service to customers, and must be ready to 
meet all reasonable demands as to style, methods of packing, etc 
Here again a preplanned program is essential, and the ability to 
do this hinges to a large extent upon the thoroughness with which 
a study is made of the markets preliminary to forecasting. In 
short, we must determine (1) where we are going, (2) how we are 
going to get there, and then (3) establish some sort of an effec- 
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tive inspection system to see that we are on schedule and in har- 
monious accord with our neighboring departments. 

Probably most of us will agree with Donaldson Brown that 
“A theoretically perfect coordination of business comprehends an 
exact knowledge, in advance, of what the public wants (within 


the limits, of course, of human ability to supply); an exact knowl- 
edge of how much the public wants (within the limits of human 
ability to purchase and consume); and a regulation of production 
in accordance to fit these ultimate consumer demands for both 
kind and quantity of goods.” 
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Industry Specifies Its School Training Needs 


This paper describes a cooperative educational experiment being 
carried on by the industries of Rochester, N. Y., and the Rochester 
Mechanics Institute. It covers conditions leading to a survey by 
industry of its educational training needs, the appointment of a 
committee for this purpose, and the resulting detailed recommenda- 
tions. 

It was found that while educational requirements for major 
executives and for the great base of industrial common labor are 
now fairly well covered by educational institutions, there is an im- 
portant intermediate field in which are the junior line and staff 
executives, which as yet has not been adequately covered. 

Specifications expressed in terms of the qualities desired in the 
Institute's graduates were formulated, together with detailed recom- 
mendations covering training method and course content which in 
the judgment of Rochester industries would best meet these specifica- 
tions. 

Industry's obligation in training the cooperative student within 
the factory is acknowledged, and recommendations are outlined 
to make the Institute most effective in its service to Rochester indus- 
tries and to lead to the closest possible cooperation. 


ment Council of the Chamber of Commerce and the 

Rochester Mechanics Institute, are engaged in a coopera- 
tive experiment in the training of young men and women for 
industry which has some unusual if not new features in it. It is 
hoped to secure more than usual results in the form of graduates 
better trained for the specific needs of industry. 

The purpose of this paper is to outline some of the conditions 
which led to the study and experiment, and to give such detail of 
the study and resulting specifications and recommendations as 
it is hoped may be of general value. 

The outstanding feature of the experiment is that the industries 
of Rochester were asked how best the Institute could meet their 
educational needs. In finding the answer, the industries first 
appraised the past educational service rendered their present 
employees. Then they determined their educational needs and 
outlined these requirements in terms of specifications covering 
the finished product. In the light of past experience and these 
specifications, recommendations were made covering course 
content and teaching methods. 

It was logical for industry to use specifications for expressing 
its educational needs because of its long practice with them in 
the purchase of its production and construction materials and 
equipment. The use of job specifications is fairly common, and 
educators are finding them more and more valuable in clearly 
defining the purposes of their work and the proper course to be 
followed in order to arrive at their objectives. 

The survey extended over more than a year and covered repre- 
sentative industries of Rochester, construction contractors, archi- 
tects, and the Builders’ Exchange. 

Pertinent and helpful information was obtained from plant 
managers, superintendents, employment managers, foremen, past 
graduates of the Mechanics Institute, and others whose contacts, 


‘_- industries of Rochester, through the Industrial Manage- 
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experiences, or responsibilities were such as to enable them to 
supply authoritative first-hand information, ideas, and sugges- 
tions. 

This survey emphasized the changing problems of present-day 
conditions. Home life and habits and industrial organization 
and methods are rapidly changing. Standardization, subdivision 
of skill, specialization, utilization of automatic machinery, and 
mass production have produced marked changes. 

In commenting on the vast effects of this industrial evolution, 
some one has said that in these times you must run as hard as you 
can to keep from standing still. But educators are thought by 
many not yet to have fully revised their method in keeping with 
these rapidly changing present-day demands. 

The viewpoint depends, obviously, upon the purpose or ob- 
jectives of education. If it is for general breadth and culture, 
like art for art’s sake, regardless of its bread and butter value, 
changing habits and customs are of little moment, but if educa- 
tion's purpose is immediate economic betterment, these changes 
are all-important. 

Industrial education and training which might have been 
satisfactory for early industry is out of step with modern needs 
and requirements. The all-round apprenticed tradesman has 
disappeared, at least from production operations, and his place 
has been taken by workers who can be quickly trained to perform 
highly specialized, repetitive operations. 

It is no longer necessary to offer intensive trade-school training 
for rank and file workers. However, as processes have become 
more complicated and have involved more technical control, 
the requirements of construction, maintenance, and especially 
supervision have called for men with more and more technical 
knowledge. Such knowledge does not have to result from train- 
ing in abstract theory, such as an engineer requires. Instead, 
a practical handbook type of applied technical information is 
sufficient. 

The old-fashioned ‘‘rule of thumb”’ supervisor no longer meets 
the requirements of modern conditions, with complicated tech- 
nical control and changing industrial processes. The educational 
requirements of the junior line and staff personnel present a 
situation not yet satisfactorily met. 

From an industrial viewpoint, as I see it, educational require- 
ments may be grouped into three divisions: 

(1) The basic division made up of the great mass of workers, 
who do the everyday work of industry, work being made con- 
stantly more and more simple and of a routine nature through 
subdivision of effort, specialization, and the application of 
power and automatic machinery. For this group a common- 
school training is ample. A grammar or high-school training 
suffices for social and civic needs, and industrial training is se- 
cured on the job or in shop school. 

(2) The top division includes major line and staff executives — 
the “line’’ executives who manage and supervise our huge in- 
dustries and the staff executives who control the technical proc- 
esses and research, be it sales, advertising, statistical, production 
control, or what not. More and more these men are the product 
of our technical colleges and schools of business administration. 

Educators have recognized both of these divisions since in- 
dustry began, and training and educational requirements for 
both groups are at least fairly well met. 

(3) There is an intermediate division of rapidly increasing 
importance, to which more and more attention is being directed. 
This includes those in junior line and staff positions; those to 
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whom orders are given and who transmit and follow through the 
carrying out of these orders. It also includes the technicians 
who do the technical routine work or those who assist in the con- 
trol of chemical and other manufacturing processes. 

College-trained men are usually unhappy and disappointed if 
kept permanently in this division, and training in the usual high 
or vocational industrial school is inadequate. 

Locally, Mechanics Institute is peculiarly well adapted to 
cooperate with the industries of Rochester in developing the types 
of education and training required for this intermediate group. 
The Institute was founded in 1885 under the leadership of Cap- 
tain Henry Lomb, “to promote such practical education as may 
enable those persons receiving instruction to become better fitted 
for their occupations in life.” The Institute is immediately 
responsible to Rochester industries which support it and is able to 
make quick shifts to meet the changing requirements of industry. 

It has grown, from small beginnings, to an organization with 
60 full-time instructors, about 75 evening-school instructors, and 
a student body of about 2250. It occupies an entire city block, 
has a plant valued at over $1,500,000 and a permanent endow- 
ment and scholarship and other funds of approximately $700,000. 

The School of Industrial Arts now offers three-vear cooperative 
courses for mechanical, electrical, and chemical students. It 
offers no full-time day courses. 

The School of Applied Art offers full-time three-vear day 
courses in illustration and advertising art, interior decoration, 
design, architecture, and teacher training in art or craft work. 

The School of Home Economics offers one and two-year full- 
time day courses in costuming and homemaking, and this year 
has instituted a cooperative course in food administration. In 
retail distribution a four-year cooperative day course is offered. 

In addition to its day courses, each of these four divisions offers 
an extensive program of evening work which varies from year to 
year with demand and needs. 

During the years, because of the vision of its founders and the 
flexible nature of its administration and control, the Institute has 
done much pioneer and experimental work in the field of educa- 
tion. One by one it has seen the importance of its activities 
recognized and demand for them multiplied until they have been 
taken over by other institutions better fitted by equipment and 
resources to carry them on. 

An accumulation of such changes made it advisable to have a 
general check made of the Institute, its place, purpose, and ac- 
tivities. 

A commission consisting of Dean Dexter S. Kimball, College 
of Engineering, Cornell University; Dr. Frederick P. Keppel, 
president, the Carnegie Corporation of New York; and Channing 
R. Dooley, personnel and education director, Standard Oil 
Company of New York, made this check and submitted its report 
in June, 1926. 

This report said the Institute should be strictly a non-degree 
giving institution, with short, intensive, highly efficient courses 
and that its field should lie outside of the university and the 
public-school system, independent of either but cooperating, 
where necessary, with both. 

The report further said the courses of the Institute “should all 
be restudied with a view of making them more efficient and more 
directly applicable to the industries of the city;” also that all 
evening courses should be intensified so far as possible, consistent 
with thorough training. 

To carry out these recommendations, President John A. Randall 
of the Institute requested the Industrial Management Council, 
a group within the Chamber of Commerce of approximately 
fifty of Rochester’s largest industries, to undertake the task. 
A special committee was appointed consisting of Frederick W. 
Fisher, director Public Relations, Rochester Gas & Electric 


Corporation; Edwin 8. Mix, superintendent, Hickok Manu- 
facturing Company; John W. Morrison, chief engineer, Roch- 
ester Telephone Corporation; Wilbur H. Snow, secretary, 
Gleason Works; A. Edwin Crockett, manager Industrial Manage- 
ment Council, Rochester Chamber of Commerce; Virgil M. 
Palmer, superintendent of Industrial Economy, Eastman Kodak 
Company. Through this committee, Rochester manufacturing 
and construction industries undertook to survey and determine 
the jobs or openings for which it required Institute graduates. 
Obviously, exact figures were unobtainable, but a definite “feel” 
of openings available was obtained. This was, for example, just 
like a potential sales survey. 

At the outset the committee recognized the importance of 
mental attitude. In industry, as in the army, commissioned 
officers are few and ‘“‘non-coms’ many. Nothing is worse than 
commissioned-officer attitude in non-commission jobs, a fact 
important to student, graduate, the Institute, and industry. 
The future of the majority of Mechanics Institute graduates will 
lie in the ‘‘non-com”’ field, an essential and increasingly important 
field. Disappointment and discontent will be avoided if this 
fact is kept constantly in mind. 

Knowledge of applied theory and practice is important, but 
more important is morale, which results from straight thinking 
and the ability convincingly to convey these thoughts to sub- 
ordinates in plain, understandable language. It was therefore 
recommended that the study of economic history and economics, 
psychology, and shop management be continued and that the 
value of corrective English, both oral and written, be emphasized. 

The Institute’s use of the case method for the study of the so- 
called liberal subjects was commended, not only for the value of 
the subject matter itself, but particularly as being unusually 
effective in developing habits of right thinking and proper mental 
balance so invaluable to those in executive positions. 

Industry’s requirements were then reduced to specifications 
expressed in terms of the qualifications desired in the graduates. 
Separate specifications were prepared for each type of job, class, 
or field in which there were sufficient openings to justify the In- 
stitute’s conducting a course. Specifications were prepared cover- 
ing graduates in cooperative mechanical, electrical, and chemical 
courses, a new cooperative course in building construction, and a 
full-time course in mechanical drawing. 

A sample specification, that for graduates of the mechanical 
course, is submitted as a supplement. 

The next step was to prepare for each such specification de- 
tailed recommendations in the form of a course outline showing 
the subject matter which the committee felt would best fit men 
for service in each field. A sample detailed recommendation, 
that for the mechanical course, is given as a supplement. 

Another major feature of the report was the recommendation 
as to instructional method which the committee considered as 
important as subject matter in training students. 

At the university or college a student is given a broad basic 
training in abstract theory, together with some shop practice, 
and he is graduated with the expectation that after he is out he 
will learn to apply the theory to his work as occasion affords. 

Contrasted with this, common experience dictated that training 
at the Institute should be intensive and practical with a back- 
ground of applied elementary science and mathematics, but 
without the development of the sciences involving higher mathe- 
matics and abstract theory. 

For this reason it was recommended that the practical problem 
or job be used as the basis and unit of instruction and that ele- 
mentary theory, related science, and mathematics be brought in 
when and as needed for the solution and understanding of the 
problems. By getting such theory from recognized handbooks 
the student, not only understands, but actually acquires experi- 
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ence in applying the tables, formulas, and other principles to 
real, practical problems and cases. 

From its study of the operation of the present cooperative plan, 
it was found that the effectiveness of the Institute’s work could 
be materially increased through a closer contact and coordination 
between the Institute and industry, not only as applied to the 
follow-up of the cooperative students, but also as applied to their 
handling while in industry itself. Cooperative courses are based 
upon the assumption that the student gets theory in school and 
practice in industry. It is important that while in the plant he 

be given organized training instead of being just exposed to in- 
dustrial conditions. Systematic rotation from job to job is 
sufficient only when supplemented by instruction in right practice 
by competent shop men. 

The committee recommended that each industry designate a 
company Official to cooperate with the Institute guidance officer 
and to help plan a definite program of plant instruction, and to 
see that this program is adhered to and to make periodical 
student progress check-ups and suitable reports to the Institute 
covering this. 

It further recommended that the Institute centralize its guid- 
ance function in one officer who would be responsible for the 
follow-up of students in training and their proper handling in 
industry. 

It was recommended that for entrance to regular day courses 
completion of the tenth grade be required, including preparation 
in subjects as indicated under entrance requirements in the de- 
tailed recommendations. 

Day courses should be continued on the cooperative basis, but 
should be changed from three years of 9'/, months to two years 
of 12 months, with two weeks’ summer vacation; thus increasing 
the time use of the Institute plant and getting the student into 
industry one year earlier. 

For evening classes it was recommended that subjects now 
taught in the evening high, trade, or other schools be avoided 
unless there were need of applied instruction in them, when such 
instruction should be devoted specifically to their shop applica- 
tion. 

For foremen such evening courses were recommended as shop 
science for foremen (physics and chemistry), handbook courses 
for foremen, shop management for foremen, practical economics 
for foremen, practical psychology for foremen, English for fore- 
men (oral and written). 

Several other new evening courses were suggested, among them 
being automatic mechanisms, time and motion study, shop 
sketching, and surveying. 

In summing up, the work of the committee consisted of: 


2 Preparation of specifications for those needs 
3 Proposing an educational program designed to turn out 
a product to meet these specifications. 


1 Making an analysis of the specific needs of industry 


In general, through this study and survey, the industries of 
Rochester were impressed anew with the great service already 
rendered by the Institute and with the potentially vaster services 
to be rendered through graduates better trained for industries’ 
needs. 

Just what the results will be remains to be determined, but 
certain it is that with the closer cooperation now established they 
will be valuable and far-reaching. 


Appendix 
SCHOOL OF INDUSTRIAL ARTS 


SPECIFICATIONS FOR Mecuanics InstiTuTE GRADUATES OF IN- 
DUSTRIAL Day CoursES— MECHANICAL: 
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(1) Mechanical Cooperative Course 

(A) Description of Job. The mechanical cooperative course can 
best serve industry by training men to be supervisors. These jobs 
require a better background or trade theory and related science than 
that ordinarily possessed by shop-trained men. Graduates of this 
course will fit into industry as potential maintenance men, all-round 
machinists, toolmakers, investigators, tool designers, supervisors, or 
foremen of maintenance or production processes, where mechanical 
equipment or operations are involved, or as salesmen of mechanical 
equipment. 

(B) Job Knowledge. A thorough knowledge of metal working, 
machine and hand tools, including a general knowledge of mechanics 
and mechanical devices and the principles of the “art of cutting 
metals;"’ the requirements for the production and control of the 
manufacture of interchangeable parts; a thorough knowledge of the 
trade, such as ‘‘American Machinist's Handbook’’ and *‘Machinery 
Handbook; ability to make calculations and understandingl) 
use tables, formulas, and other reference material; ability to read 
blueprints and make freehand sketches and rough drawings. 

(C) Job Skill. Sufficient shop training in the Institute to acquire 
general principles of machine-tool operation. Hand skills are to he 
acquired in industry, rather than in the Institute. 

(D) Personal Qualifications (same for all Industrial Arts courses 
Bent and liking for the work, physique, judgment, initiative, under- 
standing of men, character. 

Mechanics Institute should graduate clean-living, honest-minded, 
intelligent, straight-spoken, dependable men and women, fair to 
themselves, their employers, and fellow employees, and ready for 
any task, duty, or service arising in connection with their employ- 
ment. 


These specifications were made the basis for ‘“‘Detailed Recom- 
mendations”’ as to preferred training methods and course content. 
Such a detailed recommendation follows: 


(1) Mechanical Course 

Kind of course: Part-time cooperative. 

Length of course: 2 years, 12 months’ basis. 

Entrance requirements: At least 17 years old, completed tenth 
grade or equivalent, including algebra, geometry, and physics. 

Method: The training of mechanical supervisors should be direct 
and intensive. The theory these students should get at the Institute 
is not basic theory (abstract mathematics and science) which they 
would apply later, but theory directly applicable to the training the) 
get on the job in industry and taught from such handbooks of the 
trade as ** Machinery’s Handbook” and *‘The Machinist's Handbook.” 

Subject Matter: 

Shop Work—Sufficient shop work at the Institute to give the stu- 
dent a working knowledge of the principles of machine-shop tools, 
processes, and materials, but not sufficient practice to develop 
manipulative skill. Industry can give this. 

Drawing—Blueprint reading and shop sketching, pencil course 
only, sufficient to train the student to make and dimension a pencil 
sketch, free hand or with scale. Inking in or regular drawing- 
room technique is not necessary for the shop man. Mechanical 
drawing should be given as a separate course for draftsmen, not as a 
part of the mechanical course now given. 

telated Mathematics and Science—Enough related mathematics 
and science, with handbooks as tests for both theory and practice, 
to train the students to use and understand handbooks of the trade, 
such as ‘Machinist's Handbook.’’ Give no separate courses in 
mathematics, science, or abstract theory. 

Trade Theory—tThere should be, as a part of the instruction given 
at the Institute, constant reference to and study of handbook sections 
applying to work being done in shop, so that by the end of the course 
the students will be familiar with the handbooks and be able to use 
them. 

Liberal Subjects—The present problem course in industrial his- 
tory, economics, psychology, and shop management, with the added 
feature of corrective English, both oral and written, should be con- 
tinued. 

Options—Provision should be made for options during the last 
eight months of the course, so that the student may concentrate on 
work in his chosen field. 


Discussion 
A. E. Crockerr.* Rochester industry thinks of Mechanics 
Institute and its type of education in terms of industry’s present- 
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day needs. Rochester industry finds that, to meet changes from 
its research or engineering departments and get quantity and 
quality production, the supervision that was all right yesterday 
will not do today. 

Supervision must be keener, more intelligent, more resourceful, 
more adaptable, more cooperative, more humane. It must not 
only know technique and detail, but it must have the general 
knowledge of the industry that gives it understanding when 
changes are required and new problems call for solution. The 
old type of supervision was a splendid type, but its day has al- 
most passed away everywhere. 

Rochester industry looks to Mechanics Institute to supply a 
good portion of this new type of supervisor, this new leader in 
industry. That is why it so gladly cooperates with the Institute 
and assists it. Why does the Rochester industrialist as an in- 
dustrialist like Mechanics Institute better than any other type 
of educational institution and believe that its product can adapt 
itself to industrial conditions more rapidly than the product of 
any other sort of educational institution? The answer is that 
in most, if not all, respects the Institute parallels in organization 
and operation the industrial plant itself. 

Its teaching methods are not standardized; it can respond to 
any suggestion; it can adapt a new idea; it can experiment; 
it can abandon what does not work. Enthusiasm and inspiration 
are not yet taboo. Its teaching staff is not irremovable after 
three years’ probation. Instead, the Institute must justify itself 
and ask for support on the quality of the product it turns out and 
by the closeness with which that product meets the communities’ 
needs. The Institute has to “‘make good”’ year by year; and the 
teacher in the institute, by the same token, also has to make good, 
in the very same way that his prototype in industry has to make 
good. 

This makes for a vigorous, alert institution, highly keyed, 
manned and womaned by an eager, aggressive personnel. Roch- 
ester industry is pleased with the morale that exists not only in 
the faculty but throughout the entire institution. No matter 
what confidence it may have in the young men and women who 
come to Rochester industry from other institutions, it feels it can 
rely on the young men from Mechanics to be straight-thinking, 
clear-thinking Americans who will continue to be influences for 
straight thinking among those with whom they work. 

As Mr. Palmer has so ably pointed out, the Institute asked and 
received specifications from Rochester industry for a type of man 
Rochester industry needed and which it was believed the Institute 
could supply better than any other institution anywhere. In 
doing this, Rochester industry made no claim to pedagogical 
knowledge or understanding or even to pedagogical vocabulary. 
It was willing, however, to inquire of all persons within Rochester 
industry, to investigate, to consult, to debate within itself toward 
reasonable conclusions and in the end in simple, non-technical 
language tell the Institute what it had learned and what as a 
result it would recommend. The study took more than a year in 
time and outstanding among the convictions made permanent 
was this: That any city of the size of Rochester without a similar 
institution will in the too near future find itself handicapped, 
greatly handicapped, increasingly handicapped. 


Cart S, Coter.* Mr. Palmer has outlined a program of de- 
velopment for young men and women of Rochester who expect 
to enter industry which is neither too broadly educational nor 
too narrowly training. The plan is apparently intended to afford 
practice in thinking while at the same time it does not neglect 
the development of skill in working. We are pleased to see a 
plan proposed for a non-degree-granting engineering school 


3 Manager, Educational Department, Westinghouse Electric & 
Manufacturing Company, Pittsburgh, Pa. 


which embodies sound principles of education without blindly 
following the engineering school standard quite universally 
adopted a generation or so ago. 

Industry today is beginning quite generally to appreciate the 
advantage which can come from having every employee, in every 
organization, well prepared to handle his job. Engineering 
schools are beginning quite generally to appreciate the educa- 
tional value of a job. Studious workers and working students are 
beginning quite generally to appreciate that life is an educational 
process and that education is a life process. 

There is room in this country for many different kinds of pro- 
grams for preparing men and women for productive activity. 
All, however, should be dedicated to the one general idea: that 
every calling may become equally noble depending upon the de- 
gree of service rendered. Specialization has done much to make 
trades training, as such, uneconomical. On the other hand, it 
has made supervisory training highly desirable. By harnessing 
nature's power industry is relieved of its drudgery and each 
group of workers advanced to a relatively higher position. The 
demand for the kind of instruction described by Mr. Palmer 
merely confirms this observation. 

The writer likes this plan which the Rochester industries and 
the Rochester Mechanics Institute have worked out to fill a 
definite need. It seems that it is bound to succeed. There are 
three questions that the writer would like to ask Dr. Randall: 
(1) Does the program attract intelligent, forward-looking young 
men and women? (2) Has it been possible, under the program, 
to maintain high standards in both work and study? (3) Has 
the demand for graduates, under the plan, increased? 


Cart L. Bauscu.* In the discussion of technical institutes 
one should not draw too definite a line when comparing these 
institutes with the engineering college. No great gap exists 
between them. Both start out with high-school graduates and 
both must really have the same ultimate goal in mind, to develop 
graduates who can go into industry and grapple with the prob- 
lems as they come up. 

It appears that the tendency has been to specialize to too 
great an extent, not only in the technical institutes, but in colleges 
as well, especially those of an engineering nature. No institution 
can train a man to solve the specific problems of any industry. 
When the time comes for these young men to enter industry, 
the problems are different. They must be taught the funda- 
mentals that are necessary to get them into the proper habits 
of thinking for themselves, so that they are capable of working 
out the problems which they will run up against in industry. 

The technical institute should not be referred to as a training 
ground for the “non-coms’’ of industry and the colleges as a 
training ground for the officers. There is plenty of room at the 
top for both graduates. The chances for a graduate from an 
institution such as the Rochester Mechanics Institute for han- 
dling the larger jobs in industry are almost as good as those of 
the average college graduate. These youngsters should be given 
a high aim during their school work. It will not do them any 
harm to aspire to be the chief engineer, general manager, or the 
president of any industrial concern. There is not much danger 
of their graduating with such an air of importance that they 
cannot get into overalls and do the non-com work to start with 

A great need exists for detailed study being given to the curricu- 
lum of technical and engineering schools. Students should be 
given all the information which will help them on their job when 
they get out in the world, but it is feared that in doing this our 
noses will be kept a little bit too close to the grindstone. We 
will see the trees rather than the forest. What we are after is 
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to make men who can think straight antl, based om a funda- 
mental foundation, can solve the questions which are constantly 
coming up in industry and which are just as constantly changing 
and taking on new aspects. 


B. O. Snyper.’ In this fair city of diversified industry where 
quality dominates, industry is not unmindful of the value of 
training. In making that clear, Mr. Palmer speaks for Roches- 
ter’s industry generally. On the other hand, industry holds, 
and not selfishly, that it has a right to a profit on its educational 
investment by way of decreased costs and the securing of native 
and creative ability for competing in this great industrial race. 

Like industrial-plant production programs, industrial-educa- 
tional programs are subject to far-reaching changes, almost over 
night. Setting up job-training specifications is a continuing 
process. Things do not stay fixed. The vear 1928 saw a re- 
vision of the 1927 specifications, which were again revised in 1929, 
and the graduate next month will encounter 1930 difficulties 
foreign to the 1929 job-training specification. 

A short time ago I heard an assistant commissioner of edu- 
cation fling a challenge at industry. He remarked in substance, 
“We've got the buildings, we've got the equipment, we've got 
the teachers, we've got the voung men and young women. Tell 
us what you want and we will deliver the goods."’ No matter 
how carefully industry specifies its school needs, no matter how 
practical the course in school in preparation for industry, no 
matter how resourceful and painstaking the instructor, no matter 
if the school is marble-walled, no matter how careful the original 
selection, the product of the specified training program is not 
an assured success. A college degree or a diploma from any 
school or institution of learning is not of itself a certified checking 
account against industry. A college degree or a diploma in the 
hands of a party possessing native ability is an invaluable asset. 

How far the individual will climb the ladder of responsibility 
depends, in the last analysis, on the individual. In a great 
measure the value of the individual depends on how well he 
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meets new and changing conditions in industry in addition to 
carrying on his regular duties. Developing the native ability 
of the individual to meet changing conditions and creating con- 
structive situations is a serious responsibility of the school and of 
industry. The growing character of the individual must be 
studied carefully by the school and by industry. 


AvuTHOR’s CLosURE 


In the committee’s original report, it was pointed out that 
knowledge of ‘‘why”’ is basic and more important, if anything, 
than the knowledge of “how’’ to doa thing. This knowledge of 
“why’’ was to be taught the student through the judicious choice 
and use of text books by the instructors in connection with 
their classroom work. In this way, it was hoped the knowledge 
of “why” would be developed quickly and directly by the in- 
structor instead of requiring the student to dig it out for himself 
from textbooks in the usual rather slow and inefficient method. 

Both Messrs. Bausch and Snyder appear to have misunder- 
stood the statement that “locally, Mechanics Institute is pe- 
culiarly well adapted to cooperate with the industries of Rochester 
in developing the type of education and training required for this 
intermediate group.”’ This was not intended to infer that gradu- 
ates would be necessarily and permanently limited in their 
industrial connections to this group; that there is not “plenty 
of room at the top; nor that there is a “barrier between the 
intermediate division and the top division” to obstruct or pre- 
vent promotion. The thought was that with the changed con- 
ditions now existing in industry, the demanas upon the inter- 
mediate group of workers are more definite and exacting than 
formerly, and that Rochester Mechanics Institute is peculiarly 
well adapted to train for this group in particular. Certainly, 
“how far the individual will climb the ladder’ depends upon the 
individual. 

Mr. Coler’s comment is based upon a long and intimate con- 
tact with the problem of industrial education and an unusually 
successful solution. After all, the final answer will lie in how 
well his three questions are answered. 
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Controlling the Manufacture of Parts on Order 


MAN-51-11 


and for Stock by the Gantt Progress Chart 


This paper deals with two special applications of the Gantt prog- 
ress chart in controlling production. The first shows the plan for 
the manufacture and assembly of parts on an order, and the progress 
of work in accordance with the plan. The arrangement of parts on 
this chart follows the natural order in the assembly of the product. 
The proper relationship of parts to each other and to the whole is made 
visible by a system of marginal indentations. This makes it possible 
to show by one line for each part the amount of stock on hand and in 
process, and the amount of time ahead or behind schedule. It also 
shows the time of starting work on each operation without the use of 
additional bars, thus condensing the chart. 

The second chart is constructed essentially like the first one, but is 
designed for the case where manufacturing for stock is already in prog- 


By DAVID B. PORTER,' NEW YORK, N. Y. 


field of controlling the manufacture of parts on order and for 
stock and their subsequent assembly in the finished product. 
The application to the case of continuous manufacture for stock 
was devised by the author while working under Mr. Gantt’s 
direction. Although it may not be entirely new to those most 
familiar with Gantt charts, this is its first publication. 

The author will first review briefly the Gantt system of charts 
that serve both as a means for executive control and as measures 
of executive effectiveness. This system comprises three types of 
charts which answer three fundamental questions in management. 
The first is, Are the machines and equipment being employed for 
100 per cent of the time—and if not, why not? For an answer 
there is the machine record chart, which shows the actual time 


Daily September October November 
Sched I! 12 13 4 16 19 20 21 22)24 25262728 2H 2 3 45 618 910 IM2 16 17 1819 201222324 2526 2729S! 1°2 3156 7 B 13 4156 17 
Order 1525 25,000 TI 
Fu | 
Det Stock, Mfre.| 1000 | | | | 
| | } | | | 
Body,Mfre. | 1000 | 
Fuse, Assemble 1000 | | | | 
_Detonator, Assem]| 1000 | | | ae | | | 
Primer, Assemble} 1000 | | | | | | | 
Body, Mfre. | 1000] | | | | ET 


ress; that is, parts are being made both continuously and intermit- 
tently for continuous assembly at a uniform rate. This chart is de- 
signed to show the current condition of stores and parts in process, and 
the amount of time behind or ahead of schedule for each part and 
assembly. The method for laying out the chart is fully explained. 

The function of such charts is to bring in advance to the attention 
of the executive those things which require action, and thereby elimi- 
nate the necessity of following up after delays have occurred. The 
charts measure the progress made on the manufacturing program, and 
in so doing they also serve as measures of executive ability. 


ception, so that it is not the purpose to treat of the 


Mew has been written on the Gantt chart since its in- 
subject in general, but to restrict it to the special 
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Fic. 1 ProGress CHart ror A DeTtonaTING Fuse 


that the machines ran, with causes for idleness. The second is, 
Are the machines producing as much as they should? This is 
answered by the operatives’ record chart, which shows whether 
the production from each machine or work place has been up to 
standard performance. The third question is, Are the machines 
producing that which is most needed? This is answered by a pro- 
duction progress chart which shows what is needed, when it is 
needed, and what the performance has been toward fulfilling that 
need. It is a special application of this last type which forms the 
subject of this paper. 

Manufacturing may be done by the method of “manufacturing 
on order,’’ where each customer’s order is planned and executed 
independently of any other order for like material, as in the case 
of special work, or where the orders are few and intermittent; 
or manufacturing may be carried on continuously for stock where 
the volume of sales is sufficiently large and regular to permit the 
merging of customers’ orders into a continuous demand which 


Note: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 
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may be translated into a manufacturing schedule of a definite 
number of parts and completed assemblies per day, week, or month. 

A chart for controlling manufacturing on order is illustrated in 
Fig. 1, which shows the method applied to a few selected parts 
entering into the manufacture of a fuse. The elements of a prog- 
ress chart are: The time field, projected in a horizontal direction; 
the schedule, expressed as a rate of production; the plan, repre- 
sented by brackets and numerals; and the performance, shown by 
bars across the time field. The numerals stand for manufactur- 
ing operations, and their location on the time field indicates the 
days on which the operations should be started. The angle-shaped 
brackets indicate the times at which an activity should be started 
and completed. 

The assembly of the fuse is shown on the first line, and the 
schedule calls for 1000 per day. Delivery of completed units is 
planned for October 8, where the ninth and last operation in the 
assembly is recorded, and is to continue at the scheduled rate until 
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The completion of parts is shown by the solid portions of the 
black bars, which commence at the dates of the respective final 
operations, and which are extended each day to record the amount 
of work done as measured by the scale of 1000 units. The light 
lines which are customarily drawn within the daily spaces to re- 
cord daily production have been omitted for the sake of clarity, 
and just the heavy cumulative bars are shown which tell whether 
production is behind or ahead of schedule. All bars should be up 
to the beginning of October 12, which is the date of posting as in- 
dicated by the V at the top along the time scale. The starting 
of work on an operation is designated by drawing a section of a 
bar part-way across the space representing the day on which the 
number of that operation is recorded. When the full number of 
pieces have passed through an operation, the bar is drawn through 
that space to connect with the next portion, so that ultimately 
when all operations are completed there is a continuous bar. The 
lower portion of the chart is a repetition of the upper, with the ex- 


Mink Week End 
June 2 30 {July 7 14 Aua. 4 18 25] Sept. | 8 Inventory 
6170 Bow! 2/800 af 440 
lol ShoF | > 
Forging 1/800] | | | | 3600 
SSS SS 4 
i617 Row! >| | } 
GIél Shaft 2 | | 520 
Foraing| 1 | | TT | | Titi 3600 
6170 Bowl 2/800) | | | | | i | 440 
“6166 Forging 1 iit | | | Pit | | | | TTI | | | 4560 
Fic. 2. DEVELOPMENT OF PROGRESS CHART FROM STOCK IN THE MANUFACTURE OF A SEPARATOR 


the order is completed on November 7, counting Saturdays as 
half-days. Working back from the ninth operation, it is seen that 
the first must be started on October 1. Before the first opera- 
tion can be started, two of the major components, the fuse body 
and assembled detonator, must be ready, so their final operations 
are planned for September 28. This allows a leeway of one and 
one-half working days for the accumulation of a reserve stock of 
these two parts before they will be withdrawn for the fuse as- 
sembly. Since these are parts of the fuse, they are listed with 
a marginal indentation. Similarly, the assembled detonator is 
made up of a detonator stock and an assembled primer, so these 
two parts are given a further marginal indentation under the line 
“Detonator assemble.’”” No work may be performed on the de- 
tonator assembly until stocks have been made, so that the fourth 
and last operation on the stock is planned ahead of the first opera- 
tion on the assembly, and the primer is planned so that it will be 
ready when needed in the detonator assembly. Ina similar man- 
ner the primer body is shown as a part of the assembled primer, 
and the bridge as a part of the body. This scheme of marginal 
indentations helps to clarify the picture and takes the place of 
the “family tree” charts which have been so popular for showing 
these relationships. This method of listing the component parts 
becomes indispensable for interpreting the charts for controlling 
continuous manufacture for stock, illustrated later. 


ception that the individual operations have been omitted and the 
initial brackets are placed to show when deliveries from the final 
operation on each part or assembly are to begin. 

Completion of fuse bodies must commence on September 28 if 
the assembling operations are to proceed on time and reach de- 
livery of fuses on October 8. The fuse-body bar between these 
two dates designates two things: First, that portion between 
October 1 and 8 represents the amount of bodies which is needed 
at a given time in the process of assembling the fuses; and sec- 
ond, the portion between September 28 and October 1 repre- 
sents the amount which is considered necessary as a reserve stock. 
The sum of these two portions, or that section of the bar appearing 
between the two starting brackets, represents the minimum quan- 
tity which is needed between the last operation on the fuse body 
and the last operation on the fuse assembly if uninterrupted as- 
sembly is to be maintained. The total length of the body bar 
represents the number of bodies that have been made, and the 
fuse-assembly bar represents the number of completed fuses. _In- 


asmuch as completed fuses must have bodies in them, the differ- 
ence between the lengths of these two bars represents the number 
of bodies which are actually in the assembly process and in stores. 
If the end of the body bar is abreast of the fuse-assembly bar, 
the difference in their total lengths is exactly that section of the 
body bar lying between the two starting brackets which, as al- 
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operation. 


body bar lying between the starting brackets by an amount equal 
to the difference between the ends of the two bars. This is the 
amount by which the bodies in the assembly process and in 
stores fall short of the required minimum. On the other hand, 
if the body bar is ahead, the amount by which it projects beyond 
the end of the fuse-assembly bar indicates the quantity of bodies 
in assembly and stores in excess of the required minimum. Con- 
sequently, in reading the chart it is only necessary to compare 
the relative positions of the ends of two related bars in grder to 
determine the number of days behind or ahead of schedule the 
production of the component part may be. For balanced opera- 
tion all bars will be abreast of the assembly bar, and if production 
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ready demonstrated, is the minimum amount needed for ideal 
If the end of the body bar is behind the fuse-assembly 
bar, the difference in their lengths is less than the section of the 
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condition is constantly changing, the whole chart would have to 

be redrawn each time the new conditions were charted, and it 
shows neither the true manufacturing position of the parts with 
one another nor with the current date. 

Fig. 2 illustrates the development of a stock chart into a prog- 
ress chart which shows this relationship. For the sake of 
simplicity only three parts entering into the completed machine, 
‘“‘boxed,”’ are shown. The marginal indentations indicate that 
the forging is a part of the shaft, the shaft a part of the bowl, 
ete. The column headed “Min./Wks.”’ refers to the minimum 
time in weeks or amount of parts needed for the succeeding opera- 
tions in assembly and for a safe margin of the stock. 
termined in a manner similar to that used for the fuse. The third 
column gives the weekly schedule. The first group of broken 
bars, as already mentioned, represents the stock on hand and 


This is de- 


Part No 


S753 No 
6160 Bow! No 10 
6164 Shatt 
6i5! Forging | 
__ Bushing | | | 
__ 6165 Shell! 1 | 300 | 1 10 
Dist [2 | +1 3,000 | 
5754 Nol2 Boxed 10} 600 | 
= 
6168 Stamping | 3] 8 3,000 
Com. to Nos i0-I2 Bow! | 1100 | | 
6109 Top Disk 1 1100 fom 
titi 
Bowl Mut | 2 Les | | tid 400 
6145 Bushing _| | [1100 Tit 6,900 | 


hic. 3) ProGress CHART FOR 
has been progressing at the scheduled rate, all will be abreast of 
the current date. 

The case of continuous manufacture for stock presents a some- 
what different problem. It is not a case of charting the future 
plan of parts and assemblies to be made on one order, as described, 
but it involves the charting of the production of parts now being 
made for stores and the continuous production of machines now 
being assembled for stock. It must be a cross-section of the cur- 
rent manufacturing position. 

The first step is to take the balance in stores of each part and 
add to this the respective numbers in subsequent assembling opera- 
tions. The result is the true inventory figure of each part. If 
this inventory were charted so that all bars started at the inven- 
tory date, we should have a stock chart. This has been done for 
the first group of parts shown in Fig. 2. However, the stock chart 
is not satisfactory for controlling production. Since the stock 


AND SHAFT OF SEPARATOR 

parts in process at the end of the week, July 14. For example, 
the shaft bar represents the number of shafts in the stores room 
plus those in the process of being assembled into bowls. The in- 
ventory figures are carried at the extreme right for reference dur- 
ing this discussion; they are not ordinarily incorporated in the 
chart. 

The second group of bars shows the same data with a different 
arrangement in regard to time. The starting bracket for the 
boxed machine remains fixed at the date on which the inventory 
was taken. Inasmuch as the bow] is a part of the completed ma- 
chine and there should be a minimum reserve of one-half week, 
the initial bracket of the bowl bar should be placed that amount 
behind the starting bracket of the boxed machines. If there 
had been any boxed machines, the bow! bracket would be placed 
one-half week behind the end of the bar representing the boxed 
machines. It is seen that there are just enough bowls in stock 
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to fill the one-half week's reserve, which brings the ends of this bar 
abreast of the inventory date. Since the shaft is a part of the 
bowl, and a two weeks’ reserve is needed, the 520 not yet as- 
sembled into bowls should be represented by a bar commencing, 
not at the inventory date, but at a point two weeks in advance of 
where the bowl bar ends. Similarly, the forging is a part of the 
shaft, and its bar should commence one week ahead of the end of 
the shaft bar. The ends of these three bars now show their cor- 
rect position with reference to the date of posting on July 14. 
The shafts are 1.3 weeks behind and the forgings are 2.2 weeks 
ahead of schedule. 

The third set of bars is a further refinement which concerns the 
position of the starting brackets. It is desired to have the time 
interval between the starting brackets of two related parts indi- 
cate the minimum reserve required. That is, if there should be 


and that portion extending to the right beyond the end of the 
shaft bar is the amount on hand in excess of minimum require- 
ments. This relationship will hold true with the addition of each 
week’s production, because shafts are made at the expense of 
forgings; that is, for every shaft made a forging must have been 
used out of stock. Therefore each bar represents consumption 
of parts which are components of it as well as the production of 
the part for which it stands. The ends of the short bars are re- 
ferred to the posting date in order to determine what work is be- 
hind schedule, while the ends of the longer bars indicate when 
parts will have to be started in production again. Also, the end 
of any bar is referred to the corresponding end of the bar which 
represents its consumption—that is, the part of which the part 
in question is a component—in order to determine the amount 
of stock on hand and in process. 


Mind Wkly. Week Ending 
5753 No 10 Boxed | 0 | 300 
Forging 1 | 300 | 
6181 Bushing 1 | 300 
6165 Shell | 300 
6162 Stamping 1 | 300 +3. Wks. 
6152 Dist 2 | 300 c +1. 
5754 Nol? Boxed 0 | 800 
6170 Bow! No.I2 800 fom — 
Shaft 2 | 800 | | 
6166 Forging | | 800 
6182 Bushing | | 800: 
6163 Dist 2 | 800 Lit 
Com, to Nos.10-12 Bow! | '/2|1100 | ] 
Com. to Nos.0-I2 Shaft] 2 |1100 
6144 Driv. Dog | {1100 ] 
Cr Pin 1 [1100 | a 
6114 Loc Pin 1 [1100 | | 
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two weeks’ reserve of shafts, the shaft starting bracket should be 
two weeks ahead of the starting bracket for the bowl bar. To do 
this it is necessary simply to add the number of bowls to the num- 
ber of shafts and carry the total back from the end of the shaft 
bar already determined. This total is then added to the forgings, 
and the cumulative result is projected back from the end of the 
forging bar. The bars are now true progress bars which show how 
many parts have been made and whether they are ahead of or 
behind schedule. They have exactly the same meaning as the 
lower group of bars in Fig. 1. The amount of stock also may be 
read from this chart. Since the forging bar now represents the 
total number of forgings made, and the shaft bar immediately 
above it is a total of shafts and bowls which contain forgings, 
the difference between the two bars is the number of forgings 
in stock and in process. That portion of the forging bar extending 
to the left of the shaft starting bracket is the minimum reserve, 


Fig. 3 is the further application of this method to the bowl 
and shaft, which are two of the major assemblies entering 
into a separator. There are two sizes of machines shown, with 
parts that are individual to each and common to both. The 
marginal indentations indicate the arrangement of the parts and 
make it possible to compare the production and consumption 
bars for any part. The procedure for laying out these bars is re- 
duced to quite a simple formula. The bracket for the boxed ma- 
chine is entered at the date when inventory is taken. Since the 
bowl is a part of the boxed machine, its bracket is entered one-half 
week in advance, as indicated by the minimum week’s require- 
ments. The broken bar is drawn to represent the amount of 
bowls in stock plus those in process of being assembled in boxed 
machines. Since the shaft is a component of the bowl, its start- 
ing bracket is entered two weeks ahead of the bowl bracket, and 
the bar is drawn to represent the number of shafts in stock plus 
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those in process of bowl assembly plus the amount already found 
for bowls. In this case it would be 960 plus 150, or 1110. The 
forging bracket is placed one week ahead of the shaft, and its bar 
will be 2010 plus the previous total of 1110 units in length. The 
bushing is seen to be a part of the shaft, not a part of the forging; 
consequently its bracket is placed one week ahead of the shaft 
bracket, and its bar is 180 plus 1110 units in length. The shell 
is a part of the bowl, so its bracket is placed one week ahead of 
the bowl bracket, and its bar represents 1110 plus 150, or 1260 units. 
The stamping, being a part of the shell, begins one week ahead of 
the shell, and its bar is 2490 plus the previous 1260 units in 
length. This extends beyond the field of the chart, and the num- 
ber of weeks is indicated by the numeral 3. The same procedure 
is followed for those parts that are special to the No. 12 machine. 
The parts that are common to both bowls are arranged beneath 
the line with that designation. This “common” bar starts even 
with the two bowls, and its length is determined by the sum of the 
two bowls in stock and in the assembly process divided by the 
combined schedule of both, or 150 plus 440 divided by 1100. The 
parts common to both shafts are treated inthe same way. Their 
“common” bar begins two weeks ahead of the “common” bowl 
bar, and the length is determined by adding the total of both 
shafts in stock and in the bowl assemblies to the previous total 
for bowls and dividing by the combined schedule, or 960 plus 520 
shafts plus the 590 bowls divided by 1100. 

This chart shows at a glance that the bowl nut is over two 
weeks behind and is consequently holding up the production of 
shafts. It also shows that other parts are quite far ahead of 
schedule and do not require any production activity until the 
bar of finished machines has caught up with them. For example, 
if the production of finished No. 10 machines keeps up with the 
schedule, then production on the No. 6151 forging will have to 


be resumed during the week of September 1. If the production of 
completed machines lags behind schedule, the production of 
forgings will not have to be resumed until the bar for finished ma- 
chines draws abreast of the forging bar, no matter what the cal- 
endar date may be at that time. 

Fig. 4 shows the method of posting production. The amount 
of production each week is represented by the light lines appearing 
within the corresponding weekly spaces. The heavy solid bar 
cumulates the production throughout the weeks and shows the 
total number made from the date the inventory was taken. It is 
seen that this chart is maintained by posting only the production 
of parts, or the receipts into stock, and does not require the double 
work of posting withdrawals from stock. This is accomplished 
by making each line serve the double purpose of representing 
production of its own part and the consumption of those parts 
which are components of it. This is made possible by the ar- 
rangement of parts in marginal steps as already explained. All 
lines should keep abreast of the current date as with soldiers 
marching “company front.” The one out of step or lagging be- 
comes the exception from the rest and is made conspicuous. It is 
this feature of all Gantt charts, which renders conspicuous any 
exceptions to plan, that makes it such a valuable tool for control. 
It fulfils the law of exceptions as proposed by L. P. Alford,? which 
is: “Managerial efficiency is greatly increased by concentrating 
managerial attention solely upon those executive matters which 
are variations from routine, plan, or standard.”’ 

Knowledge, not opinion, must be the basis of all intelligent 
action. The chart organizes, coordinates, and presents facts 
so that knowledge may be substituted for opinion, and it also 
serves as a measure of executive skill. 


?“Laws of Management,” p. 74. 
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New Dynamic Device for Scheduling by the 
Gantt Chart Principle 


By EUGENE SZEPESI,' NEW YORK, N. Y. 


The direct presentation of magnitudes and relations in economic 
conditions, as originated by Gantt, is used as a foundation of the 
Szepesi method, and the management engineer is given a mechanical 
development of this graphic method that is flexible and interchange- 
able as developed in the dynamic graphic control instrument. 


ODERN economic activity, whether it concerns produc- 
M tion or distribution, demands an intensive direction and 
supervision. Changes of demands and requirements 
take place with an amazing rapidity and deeply penetrating conse- 
quences. A mistaken conception of demand might ruin an enter- 
prise and throw out of employment thousands of wage earners. 
Production and distribution must be balanced to a hairline, and 
the adjustment of the intricate mechanism of production and 
distribution must take place constantly without disturbing the 
activities of the organization. 

This is the task of management, and by no means a simple one, 
nor can a let-up be hoped for in the future. Economie progress 
means intensified exploitation of nature's element; hence the pace 
of production and distribution must constantly accelerate and the 
unit of the operations increase in size. 

Before us is therefore the ever-increasing speed of produc- 
tion, intensified effort of distribution, and consolidated direc- 
tion. No matter how cleverly executive functions are dele 
gated, management can no longer depend on individual ability, 
concentration, or skill; its decisions must be based on the ac- 
cumulated facts. The more intensive the economic activity and 
the larger the unit of an enterprise, the more accurate and defined 
the fact-collecting activities must become. Changes of condi- 
tions and the consequent probabilities of the future must be 
brought into the focus of the executive eye immediately after their 
occurrence. The presentation of such facts must be direct, out- 
standing, and accurate; yet the cost of fact-finding activities of 
an organization must not exceed a limited expenditure consistent 
with sound management. 

To satisfy such rigid requirements of control, modern business 
reached the point of saturation, and must look for new ways and 
means for the accumulation and preservation of facts. No mat- 
ter what ingenuity is displayed in the mechanization of recording, 
compiling, and arranging facts, the principle employed today pre- 
vents a further simplification of control. By principle I consider 
the means through which the accumulated facts are conveyed to 
the mind. This is achieved through numeral and phonetic sym- 
bols. This procedure is an indirect one. In economic problems 
we do not think in numerals and words, but in magnitudes and 
relations. The numerals and the words we use are only symbols 
which the subconscious mind must transform into magnitudes and 
find the relation between them—a complicated process. The 
engineer had to look for something else that is simpler and per- 
mits the direct presentation of facts. The late Henry L. Gantt 
was, according to my best knowledge, the first one who discovered 
such possibility of direct presentation of magnitudes and relations 
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in economic activities. He left for us a marvelous foundation in 
the “Gantt Chart,” the first correlated graphic presentation of 
facts. This method meant a return to that early stage of the 
development of the genus homo when symbols were yet unknown 
and man had not even acquired the art of linear representation of 
objects. In that stage of human development man could just 
distinguish the colors of objects and hew crude notches into the 
bark of the tree and color with clay, blood, or the juice of plants. 
This was the simple manner through which he could convey his 
thought and record the singular events of his economic needs. 

The difference in the mental processes required for the as- 
similation of facts by the three mediums, the symbol, picture, and 
indentation, is clearly illustrated in the charts shown in Figs. 
1, 2, 3, and 4. 

The symbolical process demands a complicated mental trans- 
formation of the problem: first, the reduction of the symbol to a 
mental picture and then a transformation of the picture into a 
relation of magnitudes. The prehistoric indentation and its 
offspring, the modern chart, provide immediately the magnitudes 
themselves, with color used as a designation of the different fac- 
tors. 

This being discovered, the only problem before the management 
engineer was the mechanical development of this graphic method, 
to provide the same flexibility, utility, and responsiveness of the 
instruments used by the symbolic means of control procedures, 
and this is the result of my specific endeavors in this direction. 

This graphic control instrument is made up of independent 
units; hence they are flexible and interchangeable. It has a 
positive adjustment, and the magnitudes are not approximations, 
but are numerically accurate. The instrument can be made in 
any size to suit the requirements, and its operation can be safely 
entrusted to a clerk without an engineering or accounting train- 
ing. Such a control instrument is shown in Fig. 5. Another one, 
adapted to the control of textile production, is shown in Fig. 6, and 
the method of manual operation is illustrated in Fig. 7. 

The next question is, What phases of economic activities, where 
such graphic control might be used to advantage, can be decided 
most satisfactorily by a demonstration of the use of these graphic 
instruments for the different phases of management and control? 

Let us start with selling problems. An executive of the sales is 
concerned, besides the activities of the individuals who make up 
the sales personnel, with the synchronization of the sales to assure 
the most advantageous transactions for purchasing or manufac- 
turing purposes. A modern sales manager has, therefore, a double 
burden. One is the magnitude of the sales in which the activities 
of the individual salesmen, departments, or territories are con- 
trolled; the other is the qualitative problem which concerns the 
clearance of stocks and the necessary activities of the manufactur- 
ing divisions. The budget for each activity may be constant, by 
which it is meant that it is adjusted every year, or variable, which 
means a seasonal, monthly, or even irregular adjustment. If the 
budget is constant, according to the dynamic graphic-control 
procedure, the limitation of the budget can be incorporated into 
the graphic unit itself in such a manner that the relation of the 
budget to the actual conditions is instantly visible to the execu- 
tive. In this case (see Fig. 5) the calibrations of the quantities 
below the budget are colored; for instance, with red. Hence any 
quantity below the budget becomes self-evident and, figuratively 
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speaking, cries out loud at the executive for corrective action. 
Once such a budget has been reached, the calibrations appear in 
the normal black and white arrangement, and will continue until 
the maximum expectation of the budget has been reached, when it 
again changes its color; for instance, to green, to indicate such a 
condition. 

For a variable budget, or the kind which constantly needs ad- 
justment, another method has been provided. In this instance 
two adjacent lines control the situation. In this illustration black 
has been selected to indicate the budget and green to indicate the 
corresponding sales. The extent to which the conditions meet 


the anticipations is 
FOR THE HUNT IT IS 


constantly available by 


NECESSARY TO HAVE ~ | thecomparison of these 


two magnitudes. 


There is, however, 
another way in which 
10 SPEARS 


the budget is set in the 
negative direction, in- 
dicated with red and 
black lines. This ar- 
rangement permits the 
direct approximation 
of the difference be- 
tween the budget and 
the actual perform- 
ance. This principle 
is equally applicable 
for the quantitative 
and qualitative phases 
of sales management. 

Now let us take an- 
other sales problem, 
the retail distribution 
of a chain store or de- 
partment store enter- 
prise. In such enter- 
prises the stock on hand, turnover, goods in transit, and availa- 
bilitv of capital are of tremendous importance, demanding an 
intensive control by the executives. 

This is the so-called unit-stock control problem, in which the 
relations of the foregoing factors must be balanced to a nicetvy. 
For this purpose the variable color chart provides the executive 
with a clear picture of the situation. The presence of red on the 
calibrations is an indication of low stock; the white, a normal, 
permissible range; the green, an excess. 

The pertinent facts on the activity of a department can he 
shown in a striking manner through the application of this graphic 
principle. 

The first line (see Fig. 5) shows the relation of stock to the 
predetermined budget; the second line, the anticipated sales for 
the month (which of course is adjusted for each month); the 
third line, the accumulation of sales for the month; the fourth 
line, the stock; the fifth, undelivered purchases; the sixth, re- 
turns; the seventh, operating expenses, etc. The control 
may be made as intensive or as limited as desired by the execu- 
tive. 

Now let us turn to an entirely different business, banking. In 
this field branch activities have come to stay. The activities 
and progress of the branches are of never-ending concern to the 
executives. Each branch, as a rule, is designated to look after 
the needs of different types of business, and through this graphic 
method the executives can have before them a concrete picture 
of the conditions. The number of depositors, their division 
into industrial branches, daily clearances, loans, and all other 
transactions can be placed into the focus of the executive eye 
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without burdening him with details, and achievements can be 
clearly indicated by the variable color adjustments. 

The universal application of this principle of dynamic graphic 
control can be demonstrated best by the consideration of unique 
control problems. 

Take shipping, for instance. Through the variable color 
scheme the executive can have before him all the time the condi- 
tions of the passenger and cargo problems, by providing for each 
vessel of the fleet a graphic unit. As long as the red color ap- 
pears on the graduations, the available cargo is unfavorable, in- 
dicating an unprofitable trip and the necessity of a ballast, while 
the appearance of the green calibration indicates that no more 
freight can be accepted for that particular boat for that particular 
trip. The same thing holds true for the control of passenger 
service. 

Now turn to manufacturing problems and see to what extent 
the application of dynamic graphic control will prove useful to 
the executives. Manufacturing problems, so far as executives 
are concerned, are divided into two distinct groups: Control of 
material and supplies, and control of production. 

Irregularities and shortages of materials and supplies have too 
serious consequences; hence management spares no effort to as- 
sure its normal availability. On the other hand, no progressive 
enterprise can contract obligations for materials promiscuously; 
first, due to economic changes which constantly fluctuate the 


values, and secondly, 


enterprise must keep 

its capital just as much 

in motion as it doesits lI ) f 
} 


requirements can have 
before his eyes a con- ‘] 
stant and continued 
picture of all material 
requirements. Such 
pictures can be made 
definite and call to the 
executive's attention 
all such particular 
problems where his at- 
tention is needed. 

For illustration, two 
typesof basic materials 


have been selected— 
for which the 


chase must be made in ; | 
proportion to the re- 
quirements, and for 
the other, one where, 
due to the peculiarities of the business, a definite quantity of 
material must be always on hand. 

For the first illustration, the leather requirements of a shoe 
manufacturer can be used as typical, because styles change; 
hence the demands for grades of leather will fluctuate. 

Let it be assumed that the first panel represents the material 
requirements in one particular leather for four successive months. 
The black units represent for each month the quantitative re- 
quirements which are in proportion to the orders, the red line the 
stock on hand, and the green line the purchases to cover the re- 
quirements. 

The picture tells at a glance the problem of this particular 
leather to meet the current month’s requirements. The stock 


equipment. Through 

graphic means of con- 

trol, an executive in a 2 | € 
charge of the material Z 
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on hand is ample, and for the following month the balance of the 
stock on hand, plus the purchases to be delivered that month, will 
be sufficient. There is even an overflow for the purchases for 
the third month, indicating exactly the additional quantity that 
will be needed to cover the ultimate requirements. 

Let it be assumed that suddenly a large-sized order requiring 
this leather has been received for immediate delivery. This 
change of course is indicated on the chart, and the picture is 
entirely different. Not only has the surplus of stock assigned 
for the following month’s use been wiped out as a reserve, but 
the chart also indicates that an urgent delivery of an additional 
supply is needed to meet the requirements. There is no overflow 
for the third month. 

Let the situation now be reversed. A cancellation has been 
made which releases some of the stock assigned for immediate 
use, thereby fully covering the future requirements—in fact, ex- 
ceeding it. This would indicate that the future contracts for this 
grade of leather must be altered. 

All su¢h information can be placed on a graphic chart as soon as 
the changes occur, and be called to the executive's attention with- 
out foreing him to delve into intricate records for obtaining the 
facts. 

For the second illustration, piano manufacturing will serve very 
well. While changes in the styles of pianos may occur, the basic 
raw materials will always remain oak, mahogany, or other hard 
wood. ‘This material must be seasoned for a definite period be- 
fore it is used; hence the purchases must be made in such a man- 
ner that the time of seasoning can be kept constant. 

In this second case where the enterprise must have constantly a 
definite quantity of the material on hand, the graphic unit with 
the color indication of the changes will satisfy the requirements in 
an admirable manner. Whenever the available stock is indi- 
cated in red, further purchases must be made, and whenever the 
available stock reaches the green graduations, the facts indicate 
that the enterprise is oversupplied with this particular material. 

For the control of manufacturing supplies, the usefulness of this 
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reproduced into an animated reality and brought within the 
vision of the executive responsible, as demonstrated by this il- 
lustration. 

In this panel the graphic units represent stock, either materials 
or supplies. The black line is stock on hand; the green line, 
stock on order; the red line, shortages. 
the graduation of the black units also indicate automatically 
when a low limit of the stock has been reached, and the green 
color indicates too much stock on hand. 

Deductions from stock are made in the same manner as for the 


The color changes upon 


Fic. 6 Grapuic Controu CHART AS APPLIED TO 
TEXTILES PRODUCTION 


conventional records, from authorized requisitions, ahd additions 
from receipts of stock deliveries. When a color change of the 
stock line indicates the necessity of new stock, a requisition is 
made in the usual manner and this fact recorded on the black unit. 
When a copy of an order has been received, the quantity ordered is 
set in the green line, while the reference number for the order is 
inserted in the chart holder. 

For the elimination of errors, a rule that whenever stock is 
ordered the actual stock on hand must be compared with the 


Fie. 5 Dynamic Grapuic Controu INSTRUMENT 


graphic means of control is best illustrated with the small panel, 
as shown in Fig. 6. This refers also to such type of manufactur- 
ing establishments where a maximum and minimum quantity 
of assembly parts must be maintained in stock. Of this type of 
manufacturing, the radio industry is a good illustration. 
Management, like every other human action, is burdened with 
traditions, some good, some bad; and in the latter category be- 
longs the conception that stock records must be maintained in de- 
tail to be of any value at all, when in fact from ninety cases out of 
a hundred such detailed information is never used and remains a 
waste of time and paper. The best stock records of the conven- 
tional type are, as a rule, burial grounds of past transactions, 
never inspected by the executives, who depend upon clerks for 
personal notifications on shortages, excesses, and irregularities, 
which process, as most of us can testify, is not always successful. 
By the application of the graphic principle for stock control the 
whole stock is lifted from its burial ground, and the records are 


graphic record will eliminate discrepancies and mistakes—which, 
of course, will occur under any system, but can be rectified by 
taking the actual requisition on that certain article for the cor- 
responding period and having it re-checked. 

This graphic procedure of stock control brings within the focus 
of the executive his stock room, and a daily inspection is possible 
without the necessity of going through his records. A glance will 
show normal and abnormal conditions, shortages, excesses, and 
negligence of management. 

For the production phase of management control the graphic 
method is marvelously adaptable. Production and the adjust- 
ment of the elements of production into one coordinated unit 
furnish a complicated problem. The task of the management en- 
gineer is of course to eliminate the complications. 

To achieve this aim, planning boards, control boards, and sim- 
ilar instruments have been devised by the management engineer. 
The particular instruments designed by the author for this pur- 
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pose, to be used in conjunction with the dynamic graphic control 
device are: 


Transformers 
Accumulators and planners 
Locators. 


The transformer provides an automatic and accurate means for 
the breaking up of the finished product into its component ele- 
ments. The unit chart therefore indicates the material, time, 
and equipment relations to the 
unit product. The multiples of 


for the completion of the task. Each unit also indicates when the 
assigned orders will require the maximum of the equipment, and 
the color automatically changes when overtime operations are 
necessary. In such case, even the time factor of the overtime is 
indicated. 

The question when each operation must commence, to assure 
the completion of a product on schedule time, offers no difficulty 
because this fact is determined today in every manufacturing 
establishment. 


the product therefore, without nr] 
further computations, give the meee ca 
and equipment requirements for wanews | 2 
TY TT 
the product. One such trans- | 12 
former is maintained for every 
basic article in a box, similar to 
a filing cabinet unit, arranged at iit? 
such an angle that the unit line of Th PSP ARS! 
visible. (See Fig. 8.) When the RE IEE DE BE IE ICICI ICICI 
orders reach the clerk in charge 
of this work, the orders are sorted 
i i 


according to delivery dates and 
the quantities of the different 
products just added and indi- 
cated over the signal. When the task is completed the material 
and production requirements are known and can be read off from 
the transformers. 

All can realize what a clerical task it would be to obtain the 
same result through the conventional method. For a concrete 


pit 
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illustration two industries have been selected, silk manufactur- 
ing and an assembly product, because these two industries carry 
the elements which may occur in any other industry. The indi- 
cated magnitudes can of course be transferred immediately to 
the dynamic graphic control units for the material and production 
requirements. 

The principle of the charts representing the production require- 
ments is the same as explained for the control of materials. 
Every basic operation process has a graphic unit for each time 
division for which orders may be accumulated. These units on 
production are, as a rule, self-containing, by which is meant that 
the same unit indicates not only the machine or labor hours, but 
the number of machines and the personnel that will be needed 


Fic. 8 THe TrRansrorMER Breaks UP THe FintsHep Propuct Into Irs Components 


Now consider for a moment what the picture presented by 
the graphic control means to an executive. It tells him at a 
glance to what extent the equipment of an enterprise is utilized 
and provides a warning when production is unbalanced, by which 
is meant that during certain operating week units the require- 
ments overtax the equipment unit while it undertaxes another 
unit. Such conditions are the normal conditions for many 
enterprises, and its adjustment is the task of the management. 
Hence, such picture which brings before the executive the inter- 
relation between the orders, materials, and equipment balances 
as a whole, not only for today, but far ahead, so far as production 
obligations have been accepted, is the picture that management 
needs. 

As to the week unit of production control, the author has found 
that no other method of symbolization provides such a simple 
means of identification throughout all procedures of production as 
the week unit. A year has fifty-two weeks, and the receipt of or- 
ders can be designated as received on the twenty-second week, and 
completion of deliveries can be stated as of the twenty-seventh 
week. This method provides the magnitude of the time available 
for the task quicker and better than if stated that the order was 
received on the week ending June 1, and is to be delivered on the 
week ending July 6. Consequently, the assignment of the order, 
taking again the silk industry as an illustration, would mean that 
the weaving and the quilling processes must be assigned for the 
twenty-sixth week, the winding and warping processes for the 
twenty-fifth week, the dyeing process for the twenty-fourth week 
—if this order is to be delivered on time. Should any of these 
processes be overtaxed for this schedule, which of course is indi- 
cated on the graphic chart, the assignment may be set forward 
and thereby prevent a congestion. To what extent such ad- 
justment is possible is also indicated by the assignment chart. 

The next step is, of course, the accumulation of the individual 
orders into the material and production units. For this purpose 
the author has developed the accumulator and the planner, which 
is designed to occupy the least possible space, permit the addition 
and extraction of any record without disturbing the continuity, 
and also to permit the addition or extraction of information in a 
direct manner. (See Fig. 9.) ; 
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The principle of the operation for production and material 
accumulation is as follows: 

Kach material unit and each production unit has a definite 
section assigned in the set of control, and the normal turnover, or 
how far production as a rule may be assigned, is designated by 
acolor scheme. This is the operating cycle, and in this particular 
illustration such cycle has been determined as five weeks, and 
the following color assignments represent the individual weeks 
of the cycle: 


First week Yellow 

Second week White with black print 
Third week Pink 

Fourth week White with red print 
Fifth week Green. 


It is self-evident that the yellow color appearing the second 
time means the sixth week, the third time the eleventh week, and 
soon, 

For every operation each card carries the maximum capacity 
assignment of the operation, and once the total assignment ob- 
tained from the accumulations equals the capacity, the cor- 
responding record is removed from the set, indicating to the 
assignment clerk that future orders must be assigned either before 
or after the standard period, or the necessity of overtime. In 
this manner the management obtains not only a picture of the 
conditions through the graphic control, as explained previously, 
but what is of equal importance, the forced action through the 
subordinate assures that the facts not only are known, but pro- 
visions are made to cope with the situation at the first indication 
of the condition, and not at the last minute, when the knife is 
at the throat, so to speak. 

Whenever an assignment for a week unit has been closed, the 
accumulator for that unit is removed from the set; hence the 
panel will always provide the graphic picture, showing to which 
particular weeks further assignments may be made. 

For the planning of the product, the application of the same 
principle will provide an immediate, simple, and accurate control. 

All who have the opportunity to devise and put into operation 
production control procedures have to cope with a common weak- 
ness of human nature, the lack of attention to details. The cross- 
section of a manufacturing organization represents all degrees of 
education, intelligence, conceptions, and mental reflexes; hence 
orders and instructions must be issued in the simplest possible 
form, which brings one back again to the graphic principle of 
color and magnitude presentation. 

The same color scheme adopted for the cycle of assignments 
should be adopted also for planning operations. It will take 
only a short time for the personnel of a manufacturing plant to 
remember the relation of weeks and colors, and they will soon 
speak familiarly about the yellow, blue, green, brown, or any 
color week. An order issued to a department will no longer need 
reference numbers and date assignments, because it will be self- 
evident that the yellow orders have preference over the white 
orders, the white orders over the pink orders, and so on. If the 
manufacturing departments are provided with the proper instru- 
ments, the department executive can tell by a glance at the plan- 
ning board whether or not the department operates according 
to schedule. 

The next question is, What graphic means or ways can be 
provided to assure that the production assignments to a manufac- 
turing department for a week unit are not carried on in a hap- 
hazard manner, but with intelligence, and in accordance with 
the predetermined schedule? 

For this purpose let it be assumed that the department is in the 
white week of the cycle; hence all orders assigned to them have the 
white color. Let it also be assumed that the time elements | +3' g- 
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nated for the completion of a task are determined in half-day 
units, or before noon and afternoon. In this case the production 
order carries a graphic arrangement divided into six sections, 
each section representing a day, and the first letter of the day is 
inserted into the respective section. 
Whether the planning department, 
the superintendent of the division, 
or the foreman determines in what 
order the different units assignment 
should be completed makes no dif- 
ference. Somebody has to determine 
it under any kind of management. 
Once this assignment has been made, 
the time of assignment is indicated 
in this graphic unit by an inserted 
graphic line. 

The record is placed into the 
planning unit in the successive order 
of the assignment, and production is 
carried on accordingly. It is natu- 
ral that an order indicated for com- 
pletion on Wednesday afternoon will 
not be put into process to be com- 
pleted Tuesday morning, because 
through the graphic picture created 
the carelessness or mistake would 
be discovered by a single glance at 
the planning board. 

In instances where the production Tan a; 
assignment in the completion of a —_ 
unit product demands a close super- 
vision, the previously described 
principle is equally applicable. To 
this latter category belong the pro- 
duction problems where the assign- 
ments must be made to machine 
units and not to departments. For 
such procedures, the graphic section 
of the control record is calibrated 
for the hours of the day, and space 
has been provided to indicate the 
day. The records are arranged in 
machine groups, and the assignment 
to the machine is indicated by a line 
drawn through the time factors. 
When the records are arranged in 
the planning unit in the successive 
time indications, any discrepancy or 
overlapping of an assignment will 
be visible at once and can be recti- 
fied before it is too late, and the care 
with which original instructions are 
followed always will be visible in the 
assignment rack. 

Through the application of this 
method it is easy to provide a per- 
petual record of each production 
assignment, which indicates to what 
extent the original planning sched- 
ules have been followed. This is 
obtained by inserting into the gra- 
phic space below the assignment line, with another color, the line 
indicating when production, or an order, was started and when 
completed. This method not only provides a striking compari- 
son but it also is preferred by the average employee because 
it is much simpler than the symbolic method of recording time. 
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The only thing that still needs discussion for the completion of 
the graphic control for manufacturing purposes is the problem of 
the follow-up of the orders, through the processes, by the planning 
department. 

Every large organization should have some means for the 
achievement of this end, the means depending entirely on the 
needs and the character of the organization. 


Laan Va | 
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PROCESSING 


For certain types of enterprise, the most satisfactory control 
of this kind is obtained by the arrangement of the duplicates of 
the orders in the planning department in the sequence of their 
assignments; and when the original orders are returned, indicat- 
ing the completion of the task, the duplicates are removed from 
the control panels, 

If this method is the most desirable, then the planning mecha- 
nism, as just explained, will satisfy the requirements. 

In certain industries, however, it is most desirable to control 
the orders through the processing by the so-called individual 
follow-up method. 

For this purpose, I have improved the customary instrument in 
order to give greater flexibility and simplicity of operation. This 
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improved instrument is designated the “locater’’ because it 
locates the order. (See Fig. 10.) 

The panels may be made of any size to suit the requirements, 
but the panel containing one hundred units has been found to 
be the most satisfactory. Into the panel, metal holders are 
inserted which contain the identification strip of a particular 
order, the processes, and the time schedules. These inserts are 
made of metal and not of celluloid, because experience has taught 
that celluloid is too sensitive to atmospheric conditions and will 
sag in damp weather. The individual inserts are removable; 
therefore a unit can be added or taken away from the panel in 
Each insert is provided with an indicating 
For in- 


any desired section. 
signal, the color of which may indicate any condition. 
stance, black may be adopted for normal orders, red for late or- 
ders, or whatever fact the management wishes to indicate. 

When any particular order has passed through a process, the 
indicating signal is moved to the next one, while for each process 
the scheduled and the completion time can be recorded; hence 
the strip will always provide the entire history of an order. 

Adopting this principle of follow-up, the control inserts of the 
locater are always arranged in numerical or in alphabetical 
order. 

The other method is the date control, in which case the strips 
of the inserts are arranged in the panel according to the dates 
when the order is to be completed. The detail operation of the 
locater in this case is the same as described for the alphabetical 
arrangement, the only difference being that when an operation is 
completed the insert is transferred to the scheduled date of the 
next operation. It is self-evident, according to this procedure, 
that if an insert remains in a scheduled date after this date has 
been passed, such order is behind schedule, while the location of 
the signal indicates the particular operation where the production 
of the order has been delayed. 
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National Elimination-of-Waste Campaign 


Campaigns to eliminate waste are not cure-alls, but they strongly 
supplement the regular efforts of the management. The steps pre- 
paratory to such a campaign are decided, the supervisory force is 
coached so that their plans are crystallized, the workers are made to 
understand the purpose, and then exhibits are placed about the plant 
showing concrete cases of waste and the cost in time and money. In 
the plant where the campaign described was carried on, the saving 
directly attributable to the effort was $50,000. A general review of 
the national campaign is given, together with the special effort in 
certain plants. 


VEN before and certainly ever since F. W. Taylor intro- 

BK duced so-called scientific management, the industries have 

been studying waste elimination and prevention. While 

at first, and as was but natural, each individual concern worked 

more or less alone, the tendency in later years has been to form 
into organizations, the better to attack these problems. 

It was probably, however, not until the report of the American 
Engineering Council in 1921 that the industries as a whole had 
any well-defined ideas as to the proportion of wastes for which 
management might be said to be more nearly responsible as com- 
pared with labor and with the public. 

To give just a glance backward over the history of the present 
“Elimination of Waste’’ movement, the Federated American 
Engineering Societies came into being in 1920 through the meeting 
of their executive body, since known as the American Engineering 
Council. Herbert Hoover, then Secretary of Commerce, was 
elected its president, and almost immediately suggested a study 
of wastes in the industries. 

A preliminary committee was thereupon appointed for this 
purpose and plans were drawn up. Fifteen engineers (afterwards 
seventeen) were selected to take charge of the work, and they 
were designated as the Committee on Elimination of Waste in 
Industry. 

It was deemed preferable to gather in as short a space of time 
as was practical such information as was readily available in a 
certain few of the industries rather than to attempt a more elab- 
orate program, for it was felt that a cross-section of the situation 
in these representative ones would give a fair idea of the condi- 
tions existing in others. 

Ten industries were intended to be studied originally: 


Building trades 

Men’s ready-made clothing 
Boots and shoes 

Printing 

Metal trades 

Textile 

Transportation 

Coal mining 

Pulp and paper 

10 Rubber tire. 


For various reasons, however, the four last mentioned were 
not included. 


1 Manager, Employees Service Department, Westinghouse Elec. 
& Mfg. Co. Mem. A.S.M.E. 

Contributed by the Management Division and presented at the 
Akron Meeting, Akron, Ohio, October 21 to 23, 1929, of Toe AMERI- 
can Society oF MECHANICAL ENGINEERS. 

Note: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 
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Within five months from the time the field work was under- 
taken, an analysis of the wastes existing in the industries selected 
had been completed, and in June, 1921, an abstract was given to 
the public, the final report appearing in book form somewhat later 
under the title ‘Waste in Industry.” 

The report classified waste in industry as due to: 


1- Low production caused by faulty management of ma- 

terials, plant, equipment, and men 

Interrupted production caused by idle men, idle ma- 

terials, idle plants, idle equipment 

3 Restricted production intentionally caused by owners, 
management, or labor 

4 Lost production caused by ill health, physical defects, 
and industrial accidents. 


It is unnecessary for the purpose to go further into the details 
of the report, other than to say that the committee made this 
outstanding statement: Over 50 per cent of the responsibilities 
for these wastes can be placed at the door of management and 
less than 25 per cent at the door of labor, while the amount 
chargeable to outside contacts (the public, trade relationships, 
and other factors) is least of all.”’ 

Following the publication of these findings, a number of the 
important management associations of the country—the Manage- 
ment Division of The American Society of Mechanical Engineers, 
the American Management Association, the Taylor Society, 
the Society of Industrial Engineers, and the National Association 
of Cost Accountants, with the later aid of the Department of 
Commerce and the United States Chamber of Commerce—or- 
ganized National Management Week, selecting the last week of 
October as such. Organizations of various kinds were asked to 
discuss, during this week, management’s problems in their many 
phases. The movement thus launched continued for several 
years, and from it there has grown an “Elimination of Waste’’ 
campaign at present being sponsored by the American Society 
of Mechanical Engineers, with the American Management As- 
sociation cooperating, and this bids fair to supersede it. The 
time has been changed, it being deemed best to hold the campaign 
in April (any part or all of it), a sort of universal housecleaning 
month. 

There are reasons for the superseding of this National Manage- 
ment movement by an Elimination of Waste campaign because: 


1 Management problems are always under scrutiny by the 
supervisory force of every plant and are more and more 
forming the subject for talks and papers before technical 
and other organizations 

2 Campaigns can be made spectacular by the aid of exhibits, 
and therefore have a more striking appeal 

3 These campaigns can be all-inclusive in that they will 
apply to organizations of every kind 

4 Special appeals can be made to the employees particu- 
larly, and there is no other nation-wide medium for 
doing so. 


Those who have conducted campaigns of this kind are en- 
thusiastically in favor of them. Such campaigns, however, must 
not be looked upon as “cure-alls”’ for the wastes of industry. But 
just as surely as a campaign is helpful to politics and just as a 
revival is good for religion, so is an intensive campaign against 
waste advantageous in supplementing the efforts regularly put 
forth to this end by the management of any concern, 
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The question that naturally occurs to one who has not par- 
ticipated in a campaign is, ‘“How is such a campaign conducted?” 
While the answers are already varied, as instanced by those who 
have thus far participated in them, the particular plan developed 
by the Westinghouse Electric and Manufacturing Company 
during its several campaigns seems to be as nearly applicable as 
any to the average industrial concern, large or small, so that an 
outline of it may perhaps be appropriate. 

A letter must first be written to departmental heads setting 
forth what is hoped to be accomplished and explaining briefly 
how this can be done, leaving, however, the details and means of 
accomplishment to the ingenuity of those who will actually do 
the work. Such a letter is as follows: 


TO HEADS OF DEPARTMENTS 

We have been asked to participate in the Elimination-of-Waste Campaign 
to be held over the country generally throughout April. 

This campaign is the outgrowth of National Management Week originated 
several years ago and sponsored by a group of engineering and manage- 
ment associations. 

It is a campaign intended to direct attention to the small wastes so often 
overlooked, but which are to be found everywhere, particularly in the in- 
dustries. 

These frequently total more in the aggregate than larger wastes which un- 
dergo constant scrutiny. 

Will you therefore please prepare for display in your departments an ex- 
hibit, either stationary, portable, or traveling, of the items commonly wasted 
such as broken tools, spoiled material, excess quantities, preferably with the 
cost or the selling price set opposite each. 

Head each exhibit oe << short, pithy statement like, ‘‘Waste helps 
no one but hurts us all,’ “*These wastes add to our costs,’’ or the word 

“*Waste”’ can be spelled out with smallitems wasted such as nuts, sorews, 
washers, or wire. 

As your exhibits are for the purpose of informing your employees as to the 
wastes going on with the losses involved, the actual details of the exhibits are 
left to you and your staff. 

A general bulletin will be posted in the works asking all employees to 
participate in the campaign with us so that they will the better understand 
the object of these exhibits. 


Can you read this ? 


— See what you have done/ 


Fie. 1 


Having thus prepared the supervisory force and given them 
time to get their ideas more or less formulated, a bulletin, such 
as appears at the bottom of the next column, should then be 
issued to the workers generally, announcing the campaign, 
why it is undertaken and under whose auspices, so that they will 
be the better able to understand. Coincident with the campaign, 
notices may be run in the shop magazine where any such is pub- 
lished. 

Waste exhibits (see Figs. 1 and 2), if such are used, and they are 
strongly recommended, should show items commonly used, both 
productive and expense, and ruined or wasted. These may be 


either portable, traveling, or stationary, simple or elaborate, and 
arranged vertically, horizontally, or in an inclined position. 
The cost (or, if preferred, the selling price) should be set down op- 
posite each item in order to inform the workers as to the values 
involved, and with which it will be found they are little ac- 
quainted. Included as part of the exhibits should be certain 
other items—statements as to the consumption of light, gas, 
water, steam, soap, paper towels, oil, waste, power, coal, sta- 
tionery, sandpaper, pencils, in fact, anything to which it is de- 
sired to call attention in the hope of making a saving. 

A humorous twist or turn can sometimes be given to an oc- 
casional statement which may make it appeal in a way it would 
not otherwise do. 

One concern, a preserving establishment, where exhibits would 
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be rather hard to portray, devoted an entire issue of its magazine 
to pointing out wastes in a very effective manner. 

At the same time as the campaign is going on a suggestion 
system may be introduced and suggestions invited on all sub- 
jects, particularly on ways to eliminate waste, or if a system is 
already in effect, it may be intensified. 

During the campaign meetings of committees may be held, 
the subject of waste being given especial attention, and there is 
no more effective medium for this than the safety committee, 
whose main aim is the prevention of human waste. 

Our own company toward the close of its last campaign ar- 
ranged most of its exhibits, which were largely portable or travel- 
ing, in a line along one of its galleries, and aside from our own 
employees, both shop and office, having an opportunity to observe 
them in their entirety, especially during the noon hour, our 
nearby customers and friends were invited to view them, and 
many did so. Some of our traveling exhibits were also placed 
on the sidewalks at the exits during the noon hour, where they 
could likewise be viewed by passersby generally. 

As already intimated, campaigns can hardly be expected to 
produce effective results by themselves, but as parts of a compre- 
hensive, all-the-year-round plan they are indeed worth while. 


JOIN THE NATIONAL ELIMINATION OF WASTE CAMPAIGN 


We have again been asked to take part in this campaign which is to be 
held throughout April and accordingly appeal to all of our employees to 
cooperate. 

xhibits will be shown in all departments with the items most largely 
used and the cost of each will where possible be set opposite. 
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Losses are more apt to occur in the commonplace items often overlooked 
but the total of which is frequently in excess of those from large and more 
expensive ones. 

Competition, especially from foreign-made goods, is becoming steadily 
more keen and we want,.to continue to hold our own by producing as we 
have done in the past, apparatus embodying quality and good workmanship 
and with minimum waste. 

Suggestions will continue to be welcome on all subjects and especially on 

eduction of wastes. 


We have estimated that in our own organization where, notwith- 
standing a very great deal of attention has for years been given to 
the subject of waste elimination and prevention, an annual cam- 
paign is worth at least $50,000 to us. 

The Newport News Dry Dock and Shipbuilding Company 
stated that in one of their campaigns, in which they at the same 
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cost of things they are using daily and to a further most important 
fact in this connection that regardless of the original cost whether 
much or little, when work is done upon raw material, it becomes 
more valuable, yet when ruined it almost invariably has but one 
value only and that is ‘‘scrap.”’ 

A reclamation scheme which can ofttimes go hand in hand with 
an elimination-of-waste campaign is a clean-up inventory. Ina 
scheme of this kind, every department is called upon to clean up, 
to get rid of its obsolete, unnecessary, or surplus tools and ma- 
terials, sending them back to stores usually, where they can be 
properly gone over and restored to condition before being put into 
stock, or otherwise disposed of. At this time all workmen should 


S-507.t 


Sizes marked thus O are East Pittsburgh stock. 


Sizes between heavy lines are manufacturers’ standards and should be used whenever new sizes are required, 
Non-stock sizes are not to be ordered without approval, using form #4504. 
Note: Machine screws are to be specified by decimals, not gauge numbers, 


NOMINAL DIMENSIONS 


Height SCREW LENGTHS SCREW HEAD SLOT 
+ Length 
Screw length Thread length 
DIA.| THDSJDIA. | HEIGHT] A _| WIDTH] DEPTH 
Above 2 to 3 2 -086] 56 |.133| .073 |.050 | .030 | .029 
Above 3 of screw leths} |.112] 40 |.175] .096 |,066 | .034 | 040 
American (National) form For clearance and tap drills - minor |.158] 32 218 0118 |,.083 | .039 | O51 
of thread diameters(at root of thread) and 164] 32 260 141 |.199 | .044 | .062 
Slot depth areas, see Page S-507. 
For limiting dimensions of throads, |,190] 32 |.303| .164 |,115 | ,048 | 
| 20 |.402] .217 |.153 | .059 | 09 
Rolled or cut threads 18 x 6/e"Fil. Hd. BoM. Sc. 5/16] 18 |.506| .272 |.193 | | .122 
Working drawing #862584 - 32x 5/8 Fil. Hd. I.M. Se. 3/8 16 147 
BRASS LENGTHS 
DIA. 
-086| 56 [e) [e) 
e112} 40 JO|O[|O/|O Ke) ell 
0138] 32 fe) 2138 
4 | 20 fe) fe) Kod Kod Kol Kod 4 
16] 18 Ke) Kod Le) 5/ 
3/8 16 fe) fou Ke) O 3/8 
tRON LENGTHS 
086] 56 2086 
2112] 40 fe) Ke) ell 
2190] 32 O 2190 
1/4 20 O fe) O O O O 
5/16| 18 OTOTO TOTO OTo O10 5/16 
3/8 | 16 3/8 | 
Fic. 3 


time introduced a suggestion system, suggestions were received 
which netted them $243,000 and the Oakland-Pontiac plants of 
the General Motors Corporation, as a result of their first cam- 
paign, and in which they introduced a suggestion system, have 
more recently announced even larger figures. 

It is not to be understood from this, however, that campaigns 
are only worth while in large organizations. They are just as 
effective in small ones, as is evidenced by the fact that several of 
our own smaller plants employing from 200 to 400°men have 
their campaigns. 

Following our last campaign we instituted the practice of is- 
suing printed monthly bulletins bearing on the subject of waste. 
The shop magazine is also commencing to be used for the same 
purpose. Particular attention is called to the continuing at- 
tempt we are making in this to inform the employees as to the 


be asked to empty their bench or machine drawers of accumulated 
tools and materials. 

All of the preceding, however, are but accessories or intensifiers 
to the regular work of waste elimination and prevention which 
should be carried on continuously and in a systematic manner. 

Leaving aside the question of design, as forming a subject for 
discussion by itself, it is the practice in our company to scan con- 
stantly all ledger accounts, of which we carry approximately 
75,000, and when items are in danger of becoming obsolete, or 
inactive, or of which there appear to be an excess, they are placed 
before our Materials Disposition Department for attention. The 
same holds true for items accumulated in the course of manufac- 
ture due to changes in designs, reduction in quantity on an order, 
or for other reasons. Our experience shows that this can best be 
done immediately upon the completion of each order or contract. 
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In all of this work of waste elimination and prevention two 
objects are constantly kept in mind: first, the application of 
the accumulated material or its disposition to the best possible 
advantage in order to avoid any loss or failing this to minimize 
the loss, and, second, to prevent if possible any recurrence of the 
same situation by going to the very source which created it and 
analyzing conditions. 

Attempt is therefore made to apply the materials in the ‘‘as is” 
condition among our own plants, and for this purpose a bulletin 
of surplus and inactive raw materials is constantly circulated. 
At the same time the possibilities of modification in the shape or 
the finish is considered. 

It is only after all efforts to sell these materials to ourselves 
have proved fruitless that we go outside of our own organization, 
for it is recognized that in matters of this kind we are generally our 
own best customers. 

However, there are many channels through which materials 
may be disposed of outside of one’s own organization—by ad- 
vertising in the trade journals, through commission dealers, by 
return to the manufacturers in exchange for other material, or 
by sale to still other manufacturers. It is true that the scrap 
or waste, even when legitimate, of one concern is often the raw 
material of another, and so it is usually a matter of establishing 
what might be termed a waste directory in order to dispose of a 
large portion of waste products successfully. 

A constant intercourse with other manufacturing concerns in 
similar lines and visits to their plants will prove of inestimable 
advantage in this work as permitting an interchange of ideas, for 
no one concern knows the entire story, and all have a common 
interest—the elimination and prevention of waste. 

As for waste prevention it is quite separate from salvaging, 
and is indeed the crux of the entire matter, for if waste can be 
prevented, there will then be no salvaging required or the neces- 
sity of reducing waste to what might be called legitimate propor- 
tions. And who would dare to define so-called “legitimate pro- 
portions” when it has so often been proved that the prevention 
of the wastes of yesterday results in the profits of today? 

Experience is of course the best of teachers, but even with 
this background, study must also be made of the causes which 
give rise to waste. 

Setting again to one side consideration of changes in the designs 
of finished products which are recognized as a large cause of 
waste, it is a fact that even when the finished products are special, 
the raw materials from which they are manufactured can in the 
great majority of cases be made up of standard items. The use 
of specia] raw materials or even standard raw materials of special 
size or with special finish should wherever possible be avoided in 
design. It is these that are so difficult to dispose of rather than 
excess quantities of standard items. Furthermore, the greater 
the departure from standard materials or parts the more uncertain 
is likely to be the ultimate outcome or performance of the finished 
products and certainly the higher wil) be their first cost; hence, 
the greater will be the eventual loss if the necessity for salvaging 
any of the materials should arise. Standards of all kinds should 
therefore be welcomed by manufacturers as simplifying some of 
their problems. 

In our own company, while we must have numerous purchasing 
specifications for raw materials to cover our needs, national 
standards are adopted and followed as they come into being, but 
even in these the minimum number of sizes or kinds are used. 

As showing how many of the simpler articles may be brought 
under control, attention is directed to the tabulated list of screws 
(Fig. 3) which were originally carried in stock for use on our vari- 
ous designs. A standards committee was appointed to under- 
take their reduction to the smallest practical number. After 
consulting the various engineering departments involved, it was 
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decided to confine the use of these screws on all new designs of 
products to the sizes shown within the heavy lines. No attempt 
was made to change drawings for existing designs. This meant 
of course that time must elapse before the demand would cease 
for the other sizes of screws shown outside of the heavy lines, but 
in general such a course is the only practical one to follow as 
changes can thus be made with minimum of expense and labor. 

This general idea has been followed for many years and has in- 
cluded a great variety of items from the simple one of screws used 
for the purpose of illustration to more complicated items, such as 
shop and office furniture, brushes of all kinds, babbits and solders, 
trucks and barrels and tote boxes, pulley sizes, etc. 

The plan is in fact so widely applicable that it has been devel- 
oped to handle the standardization of many things other than 
simple materials, as for example, safety rules, symbols for welding, 
permissible variations from drawing dimensions, safe loads for 
crane lifts, belting specifications. 

By having all items that have been standardized properly and 
conveniently tabulated and distributed so that ready reference 
may be made to them and by having it thoroughly understood 
that only such can be ordered, waste of one kind and another is 
tremendously lessened aside from other equally obvious ad- 
vantages. 

All standards so fixed must, however, be reviewed from time to 
time and where necessary revised, as must the methods used 
generally in the work of waste elimination and prevention. In 
this respect this work differs from no other class of work that is 
carried on successfully. 


Discussion 


W. E. Roe.? In presenting a review of the on Waste” 
Campaign, as conducted by the Oakland Motor Car Company, 
it is purposed to touch briefly on the preliminaries involved and 
to dwell at length only on its actual progress and the results 
accomplished. 

In the first instance, the need for such a campaign must have 
developed from a knowledge and belief that there does exist, 
in all lines of business, certain wastes and extravagances which 
do not readily lend themselves to organized method of control 
and which, unattended to, grow in proportion to the growth of 
the business. 

Following a rather hectic three years, during which time ex- 
pansion programs calling for a doubling of the capital invest- 
ment were taken care of and during which time two entirely 
new cars were designed, built, and marketed in an ever-increasing 
volume, it was found at the Oakland plant that there had crept 
into the business these elements of waste and inefficiency to an 
extent which demanded immediate and drastic attention, and it 
was realized that only through quick and effective measures 
could this condition be for the time reduced and in future con- 
trolled. 

Consequently, and with the approval of the management, an 
organization was perfected, plans formulated, and a campaign 
inaugurated, brief in its duration, intensive in its activity, edu- 
cational in purpose, and in its scope including all departments 
and the entire personnel of the organization. 

Inasmuch as there could be no interruption to the work in 
progress, but realizing that the means offered or used as a remedy 
must be brought directly home to every one involved, a limited 
period of time was fixed on, through which this intensive educa- 
tional program could be carried on with a view to immediate re- 
lief and organized effort be determined upon for its future con- 
trol. 

, Oakland Motor Car Division, General Motors Corp., Pontiac, 
Mich. 
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The committee as formed for conducting the campaign con- 
sisted of a vice-president in charge of manufacturing, as chair- 
man, and for the sub-committees such men were selected as 
directors as were most intimate with the conditions to be met and 
the operations of the company as a whole. 

Inasmuch as earnest competitive effort can only be encouraged 
through the hope of later reward, certain awards and prizes were 
set up for distribution among the participants at the end of the 
campaign and so set up as to mark, or distinguish, the most 
noteworthy results in zones, departments, or individuals. 

At the same time realizing that, without provision being made 
for the future conduct and control of the waste problem, much of 
the benefit which would be gained throughout the intensive cam- 
paign would be lost, a permanent organization for such control 
was perfected. 

The general committee, after much discussion, decided that 
it would be necessary, in order to reach the worker, that an appeal 
be made to his sense of value and that he must be made more 
intimately acquainted with his delinquencies in terms of dollats 
and cents. 

Consequently a system of exhibits was arranged for, and 150 
exhibits were prepared under the direction of the writer and by 
the heads of divisions largely responsible for and most affected 
by the items of waste which these exhibits delineated. Values 
of waste as exemplified were given, in dollars and cents, differen- 
tiating between labor and material, and these figures were then 
converted into comparative costs of articles with which the 
worker is intimately concerned and which he may from time to 
time be called upon to pay for from his own resources. 

These exhibits demonstrated their worth and justified their 
expense in the interest which was awakened in the workers, and 
the immediate reaction was a tightening up in departments, the 
reduction of scrap from work in process, the increased effort 
applied to salvaging and lengthening of life of tools, a more 
settled condition, and more intense application on the part of the 
workers, and a consequent betterment in volume and quality of 
product. 

During the progress of the campaign a number of addresses 
were delivered by department heads and these addresses were 
supplemented by talks by men from the ranks, these talks all 
serving to keep the interest of the men at white heat, to permit a 
full and free discussion of this problem, to encourage constructive 
criticism, and, through such criticism, to bring out suggestions 
as to the remedy to be applied. 

To stimulate the activity, enliven the interest, and acquaint 
every one with the progress being made, the regular organization 
paper was issued daily, carrying in its columns all notable features 
of the campaign, cartoons, slogans, biographical sketches, and 
interesting and instructive articles by the executive staff, cover- 
ing all phases of operations, and a copy was placed in the hands of 
each man as he left his work. 

The exhibits as arranged, being placed in departments through- 
out the shop, succeeded in bringing home to every one concerned 
the extent of the inroads which waste had made throughout the 
organization and the value in money as resulting from this waste; 
and these exhibits remained throughout the campaign, and a 
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number of them have since remained, as an accusing finger 
pointing to the price which we have to pay for lack of attention to 
ordinary details of a business. 

Immediately upon inauguration of the campaign and the in- 
stallation of the exhibits, suggestions for the correction of existing 
methods, new methods, changes of tooling, changes of equip- 
ment, and the elimination of this or that unnecessary work 
began to flow into the suggestion committee, nearly swamp- 
ing it. 

As a result of the two weeks’ campaign, the suggestion com- 
mittee found themselves in possession of some 3558 suggestions, 
bearing on all phases of our operations and offering a large variety 
of remedies. There were necessarily many duplications of 
suggestions in the large number submitted. At the first meeting 
of the committee handling these matters, a hasty reading of 
these suggestions was resorted to as a means of sorting and 
arrangement for submission to the committee members for further 
examination. There followed the necessary process of elimina- 
tion of those that were without particular merit, those that 
were foreign to the subject covered by the campaign, and those 
that were duplicated. Several successive readings and ex- 
aminations brought the number down to about 230 which were 
outstanding in merit, and from this number the awards were 
determined, solely as a matter of their value to the company. 

A great number were of such a nature as to permit of imme- 
diate application; others were found to be applicable only after 
later development in design, methods, etc. From these which 
lent themselves to our immediate uses the savings represented 
were in the sum of $542,000, covering nearly a yearly period of 
operations. From those which were held for later future applica- 
tion, a like value was estimated as their actual worth, assuring us 
of a net profit on the expense and effort involved in the campaign 
of a million dollars. 

The question may be asked as to the lasting effect resulting 
from the campaign during the months which have followed its 
conclusion, and in reply it could be said that today, five months 
after its conclusion, there are received an average of 125 sugges- 
tions per week; that the receipt of these suggestions is imme- 
diately acknowledged; that they are referred to the research 
department for analysis and investigation, their inherent value 
determined, their adoption or rejection recommended, and in 
every case the originator of the suggestion is notified of its 
acceptance or rejection and the reason therefor, and through this 
means there is a continual and helpful source of contribution in 
the matter of waste prevention and control. 

In conclusion it is only just and proper to make acknowledg- 
ment of the assistance given by those who had pioneered in this 
work, and on behalf of the Oakland Motor Car Company, it is 
desired to extend to the Westinghouse Electric & Mfg. Co., New- 
port News Shipbuilding Co., and the Department of Commerce 
and Labor an appreciation of their aid, given through suggestion, 
printed matter, forms, etc., prior to the inauguration of our cam- 
paign, and as a further stimulus to the continued progress of this 
nation-wide movement, we offer as our contribution, through this 
Society, our manual of procedure for such uses as you may deem 
it best fitted. 
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Organizing a War on Waste 


By RAYMOND CHALMERS! anp W. E. ROE,? PONTIAC, MICH. 


N APRIL 24, 1929, the superintendents of the Oakland 
Motor Car Company decided to conduct an elimination- 
of-waste campaign. The results of this campaign have 

been described.? The campaign was carried on for two weeks 
beginning May 6 and was considered by the company to have 
been remarkably successful. 

It is estimated that the campaign will result in a saving of 
$542,000. During the campaign 125 exhibit boards were erected 
within the factory by employees and 3558 suggestions were re- 
ceived. Of the suggestions it is estimated that about 35 per 
cent would result in the savings just mentioned while a like 
amount could probably be expected from the remainder of the 
suggestions which were set aside for further investigation by the 
permanent committee. 

It was decided to call the campaign “A War on Waste’’ and 
give it a spectacular start. During the two weeks a daily paper 
was published so as to reach effectively 10,000 employees. The 
total cost of the campaign was $16,000. 

In preparing for the campaign “A War on Waste,” available 
data were collected from other companies which had conducted 
similar campaigns. The procedure of the campaign was then 
outlined, three major divisions being organized to conduct the 
drive—publicity, exhibits, and suggestions. 

Since the campaign the original procedure has been slightly 
revised, improving it in accordance with experience. The follow- 
ing description of the procedure contains these revisions and 
should be of value not only to companies wishing to carry on an 
extensive campaign, but also to smaller companies which may 
adapt various parts of it to meet their individual plant needs. 


GENERAL PROCEDURE 


1 The commander-in-chief must have a firm conviction that 
the losses, errors, and defects are of a sufficient total to warrant 
a war on waste. 

2 The most capable commanders should -be consulted and 
the germ of the idea of waste prevention sown. 

3 Enthusiastic reaction should be watched for with the idea 
in mind of selecting a man to organize and operate the campaign 
as the major general or chief of staff. 

4 The major general should collect data from all sources of 
information, showing what other plants have done along this line. 

5 Three “go-getter’ generals who are entirely familiar with 
the plant and who can give their entire time to the campaign for 
the period set should be selected. One of these must be adapt- 
able for a publicity commander, with the personality that appeals 
to the men in the shop. Another should be an exhibit com- 
mander and be particularly active throughout the shop and 
familiar with all operations. The third, a suggestion commander, 
should be able to evaluate suggestions quickly, and visualize 
their practical application. 

6 The major general, publicity commander, exhibit com- 
mander, and suggestion commander should analyze the work 


1 Special Assignments, Oakland Motor Company. 

? Analyst, Oakland Motor Car Co. 

3 See American Machinist, vol. 71, no. 8, August 22, 1929, pp. 305- 
312. 

Contributed by the Management Division and presented at the 
Akron Meeting, Akron, Ohio, October 21 to 23, 1929, of Tue Ameni- 
cAN Society OF MECHANICAL ENGINEERS. 

Nore: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 


done by other companies to draw inspiration and ideas from 
these sources. 

7 A general program in reasonable detail should be drawn up, 
making sure that it is practical, and then it should be wholly 
approved with assurance of active support from the commander- 
in-chief in charge of the organization. This is very important, 
since his attitude will be reflected in the attitude of the entire 
army. 

8 The exhibit commander should make a complete sample 
exhibit of waste that would apply quite generally throughout the 
plant, such as a machine-repair exhibit. The publicity com- 
mander should obtain a few posters as used by other organiza- 
tions. The suggestion commander should prepare an outline of 
prizes to be offered, and a draft of a suggestion blank. In other 
words, he should be prepared to submit all of the examples of 
details to a general meeting of superintendents and general fore- 
men. 

9 A general meeting of superintendents and general foremen 
should be called, and the proposed campaign explained in detail. 
They should be well enough instructed in all the details so that 
they can sell the idea down the line. The date to start should 
be set about ten days following, so as not to allow enthusiasm to 
wane before the campaign starts, but it should not be published 
broadcast. The campaign should be planned to last two weeks 
or more. The first week should be considered as a week that 
gathers momentum, and as an educational week by the com- 
manders, while the second should be a response week by the 
army, but the sooner the latter phase can be matured, the better. 
Everything should start with a bang the very first day. When the 
men arrive, the shop must take on a new atmosphere, that of a 
war on waste. The daily plant newspaper that day should carry 
the declaration of war, an appeal from the commander-in-chief, 
a complete description of the campaign, and the prizes. In 
about two or three days it will take hold. The first suggestion 
should be a feature in the paper in big headlines with the man’s 
photo. The second week should start with a big spectacle, and 
another big appeal for more volunteers. The workmen should 
be featured and enthusiasm kept up in the scoreboard. Enthusi- 
asm must not be allowed to wane. 

10 The organization should be divided into functional sectors 
such as: 


Productive Non-Productive 
Final assembly, Pontiac Traffic Plant engineering 
Final assembly, Oakland Export Materials 
Motor assembly, Pontiac Paint By-products 
Motor assembly, Oakland Plating Protection 
Axle assembly Tools Personal 
Sheet metal Standards Inspection 


The head of these functions should be entirely responsible for 
his sector, both for the educational exhibits of waste, and also for 
suggestions for prevention of waste. 


Pusuiciry-StaFF PROCEDURE 


1 The function of the publicity staff should be to inspire and 
mold the mental reaction of the workmen to favorable and 
enthusiastic support of the war on waste. 

2 The mediums used should be posters, a daily newspaper, 
noon-day speeches, and special features. 

3 The staff should consist of two organization men and two 
outside men: 
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a One publicity commander who should give active and full- 
time supervision. He must be a man of originality and 
vision, backed by experience with shop men. He to a 
great extent will mold the whole campaign and therefore 
must be capable 

b One contact man, who should supervise newspaper circu- 
lation and generally do contact work for the staff. He 
must be entirely familiar with the whole organization, 
know all department heads and many of the men, and be a 
‘‘live-wire”’ ‘‘go-getter’’ of results 

ce Two publicity men, who have professional training in 

industrial and newspaper work. They must have make- 

up experience and be familiar with the particular industry. 

4 The staff should contact with outside sources for: (a) Print 

shop, (b) printing, (c) photographers, (d) photo-engravers, 
(e) artists, (f) public address system, and (g) newsreel. 

5 Sources. The person who can give the quickest service in 

emergencies during this intensive campaign should be deter- 


mined. Speed is the important factor, and price should be 
secondary. 
6 Newspaper. As the basis for Oakland’s newspaper a 


program of articles was arranged. The president of the company 
wrote on “Improvement of Organization and Executive Control.”’ 
Four causes of waste were assigned to major executives, ‘‘In- 
terrupted Production,” “Low Production,’’ “Lost Production,” 
and “Restricted Production.” Twelve more subjects constitut- 
ing recommendations for the elimination of waste were assigned 
to superintendents and general foremen. Twelve others were 
told to write on any phase of the subject that they might choose. 

7 Newspaper Technique. Two publicity men with at horough 
newspaper background were the technical staff. The newspaper 
was of standard five-column tabloid size in four pages: a size 
selected because of convenience in make-up, in handling by the 
workmen, and because it would accommodate nicely the amount 
of daily material that could be gathered during the campaign. 

A flashy make-up was employed because it was realized that 
the paper had to be “‘sold”’ to the man on the bench through smash- 
ing headlines and a liberal amount of art work. Body type, 
except for unusual features, was eight-point Century on a ten- 
point base, and head lines were made as large as the size of the 
story would warrant. Every effort was made to get a “lead”’ 
story of unusual interest each day which could be featured at 
length on the front page, and wherever possible the story was 
accompanied by photographs. 

A vital factor in the success of the paper was the speed obtained 
in getting current happenings into the sheet and the sheet into 
the hands of the workmen as soon thereafter as possible. When 
the paper was distributed at 4:30 p.m. it contained a write-up of 
the speech which the workmen had heard at noon that day. 
To do this it was necessary to have an advance copy of the speech 
on the previous day, thus allowing the inside pages to be printed 
in advance. When some unusual happening warranted taking 
a photograph and reproducing it, the following day’s paper 
carried the reproduction. 

Another big feature in the success of the sheet resulted from 
encouraging contributions from the men themselves, giving 
them a “by-line” and playing their story up as big as those from 
executives. Wherever practical, photographs of workmen were 
reproduced. One of the best stories from the viewpoint of 
tangible results featured the man who turned in the first sugges- 
tion. This was played up on page one under a five-column 
streamer, with a one-column cut of the man. Suggestions began 
swamping the suggestion staff immediately after the appearance 
of this feature, indicating that the men could be reached forcibly 
by touching their vanity as well as by offering them prizes. 

Another vital story was one listing waste-elimination plans 
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which had already been put into effect in the plant before the 
war. This gave the man something definite to pattern after, 
and a concrete example of the type of suggestions which might 
win @ prize. 

A decided help in rounding out the sheet was the basic assign- 
ments issued before the first edition, calling upon every major 
executive in the company to write an article on some phase of 
waste work, preferably using his own department or function as 
a background. These ran under by-lines, generally with a one- 
column cut broken into the story. Such articles lent themselves 
easily to page make-up. Of the contributed material, after the 
first three days, that from executives was slighted in favor of 
articles, poems, etc., from men on the bench, even though the 
latter required extensive reworking to be made acceptable. This 
was done because they kept the thought constantly in mind that 
the man on the bench is the man they wanted to reach. They 
wanted to make him feel and realize that for the duration of the 
war on waste he was the “big shot.” 

A cameraman was kept constantly on the job, and a runner was 
kept available to rush prints from the studio to the engraver, and 
cuts back to the print shop. The printing job was done in a 
weekly newspaper shop equipped with three linotype machines 
and a night operator. Actual printing was done on a Kelly press, 
the inside and outside two pages having been printed separately. 
Printing of the four pages and folding (one across the center) 
required approximately ten hours for 10,000 copies. An art 
man also was held available for the two weeks for retouching and 
cartoon-making purposes. 

In preparing for the paper, forty-odd cartoons featuring the 
waste-prevention idea were prepared for use in five-, three-, and 
two-column sizes. The five-column ones were found too large 
for the page, and were dropped after two or three insertions, two, 
three, and four of the smaller ones being used in every issue. 
Actual photographs of waste in the plant were obtained in volume 
after the cartoons were made up. These photographs could 
have been used as advantageously and at much less cost than 
the cartoons had they been available earlier. 

A five-column cartoon strip featuring a correspondence-school 
detective pursuing waste had also been made up for daily use. 
Such a strip must be very good, else it is very bad. It was dis- 
continued as soon as possible without spoiling the continuity, 
because the space could be put to better advantage. 

Several five-column strips in the nature of biographical cartoons 
presenting in five or six panels various steps in the lives of com- 
pany executives were used. These were very good, and could 
have been used to advantage daily, even featuring men on the 
bench whose careers were unusual. 

For a newspaper for a future campaign, Oakland recommends: 


a That the size and general make-up be retained, 

b That fewer cartoons and more plant-waste photographs 
be used, 

c That comic strips be eliminated in order to use one or 
more daily five-column biographical strips, 

d That thumbnail sketches be used for lead and feature 
stories, 

e That three- or four-paragraph interviews with men on the 
bench be used with their cuts in half-column size, 

f That the photographs of some of the well-known men be 
cartooned, 

g That mention be made of the $1200 in prizes in every 
issue, and 

h That more effort be used to make certain that everybody 
gets the daily paper. 


8 Artist Contact. A representative of a good art firm should 
be constantly in touch with the publicity staff, or better yet, one 
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of the artists should work in the publicity office. The latter 
would be cheaper and more effective for speed. 

9 Cartoons. It is best to have a bank of only a few cartoons, 
because, as the campaign progresses, original ideas suggest them- 
selves. Exhibitors are encouraged to illustrate their boards 
with cartoons, and most of the cartoons used on the exhibit boards 
can be used in the paper as well, at the same time giving the ex- 
hibitor credit for the idea. Cartoons for the paper should not 
be larger than two- or three-column cuts. It is very important to 
have professional work on cartoons. Sizes for cartoons for shop 
use should be uniform in two or three sizes, and an average unit 
price should be established with the art firm. These need be 
only in crayon and then may be photostated, but they should be 
well penciled so that the original can be used for a newspaper 
cut. 

10 Lives of Great Men. This can be made to form a very in- 
spirational biographical cartoon strip. The lives of the principal 
commanders should be portrayed to show the workmen the possi- 
bility of reaching the same goal. It would also be well to cartoon 
some men who have made outstanding accomplishments in the 
plant. 

11 Cartoon Strips. These to be any good at all must be very 
good. 

12. Funny Continued Stories. These are likewise useless un- 
less exceptionally clever, otherwise they are a waste of space. 

13. Thumbnail Cartoons. These should be used liberally 
throughout the paper. They enliven the columns and attract 
the interest of the workmen to continue reading until the appli- 
cation is found. 

14 Newspaper Circulation. The contact man should super- 
vise the newsboys and make every effort to obtain “live’’ ones 
who will actually shove the paper right into the workmen’s 
hands. A partial circulation only defeats the efforts of the 
publicity staff. Arrange for several hundred extra for outside 
circulation, and as many as necessary for dealers. 

15 Souvenir Editions. Instead of making a complete sou- 
venir edition separately, it may be well to bind the running issues 
and insert four or six pages of summary. These could be given 
to executives and outside contacts who would appreciate a com- 
plete file. 

16 Permanent Newspaper. When the war-on-waste news- 
paper was started, it succeeded the usual house organ. So differ- 
ent did it become that the consensus of opinion throughout the 
shop was that it should be permanently continued. It had be- 
come the mouthpiece of the management and the opinion of the 
workman. It served to.introduce one department executive to 
another both for his innermost thoughts and his appearance, and 
in many instances actually introduced the man to himself by 
stimulating his written expression. Consequently the manage- 
ment decided to continue the newspaper, and a professional editor 
was employed. 

17 Photographs. The benefits of photographic work cannot 
be overstressed. Everyone has a streak of vanity, and with 
each article printed the author’s photo or cartoon of the photo 
should appear. This serves better to introduce the man to 
readers, gratifies his vanity, and inspires him to more effort. 
Photos of shop conditions are self-explanatory and instructive, 
those of unusual events are entertaining. 

18 Photographers. A photographer can be kept busy con- 
stantly. For feature events, wet prints can be made and picked 
up by a runner and rushed to the photo-engraver. Arrangements 
should be made on a “per negative” basis, with a separate price 
per plain or cloth-back print. All orders for photographs should 
come to the publicity staff, with complete instructions as to 
whom to see, and where the prints are to be delivered. 

19 Photo-Engravers. Photo-engravers should be aware of the 


necessity of quick service, and understand that they are serving 
a daily newspaper. 

20 Noonday Speeches. To be effective, short speeches must 
be given in a location where a majority of the men always con- 
gregate, especially if the lunch hour is short. An executive, 
followed by a well-known workman, makes a good combination. 
A speech program should be made out, and copies of the speech 
handed to the publicity staff at least 24 hours ahead so it can be 
set up and be ready for the newspaper the same day it is delivered. 
This gives an up-to-the-minute appearance to the paper. The 
commander-in-chief should speak at each location, although it is 
best to hold him for the beginning of the second week. Oakland 
started with the executive in charge of operations, and on down 
the line of superintendents, inserting the commander-in-chief as 
the speaker of the special feature, starting off the second week. 

21 Speakers. An advance notice in writing should be given 
to a scheduled speaker, and a careful check-up made a day ahead 
to get a copy of his speech, and an hour or so previous to his 
appearance to make certain that he remembers that he is to speak 
and knows when and where. He should report to the micro- 
phone operator in person; otherwise he may stand back bashfully 
awaiting his call. Attention to this wil] save embarrassment to 
the publicity commander, and maybe the newspaper, if they have 
his speech set up and then it is not actually given. 

22 Amplifiers. The public address system is very necessary 
to reach several thousand men, especially if there is apt to be a 
distraction by machinery or disinterested men. It consists of 
several loud-speaker horns, equipment, and a microphone. 
There is also an electric pick-up for use with a victrola. Music 
is played until the men congregate, and then the microphone is 
switched on and the speaker commences. The outfit can be 
mounted on a truck and moved from place to place, so long as 
there is an electric outlet of the right voltage to plug into. It is 
advisable to have the microphone inside a window when there are 
excessive outside noises. This does not work well in a cafeteria 
unless the microphone is in a nearby enclosure. The outfit may 
be rented, and is a very effective way to get the message to the 
men. 

23 Features. The National Guard Machine Gunners to- 
gether with the Field Machine Shop staged a noon exhibition at 
the Pontiac plant. The shop was closed for an hour, and ar- 
rangements made at the cafeteria for the special conditions. 
Dummy trenches were erected, and the actual shooting of twenty 
thousand rounds of ammunition annihilated the enemy. This 
brought practically all the Pontiac division out to the front of the 
plant, after which the commander-in-chief gave his speech, 
followed by several workmen. The feature provided a topic of 
conversation which was carried even into the homes, and pictures 
into the theater. Vaudeville acts may be substituted, or any- 
thing of a special nature to entice the men to this principal 
speech commencing the second intensive week of the campaign. 

24 Newsreel. Arrangements were made with the local news- 
reel to take the picture of the machine-gun spectacle which was 
shown in a local theater. This gave the workmen of other shifts 
and their families a chance to see the spectacle. 

25 Posters. To be readily seen in the shop, posters should 
be in black and white, or in colors if preferred, as an art-work 
background. Thought should be given to intensity of color in 
dark locations, and it should not be complicated with detail. Col- 
ored posters can be produced cheaply by the new linoleum-plate 
process on eight-ply cardboard. They should have snappy 
slogans and be inspirational to join in with every effort to defeat 
the enemy. 

26 Hanging Posters. The contact man should be responsible 
for hanging posters in conspicuous places. They may be stapled 
back to back, and hung from the guide bars of Cooper-Hewitt 
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lights or well above machinery, and where light will show on 
them at night without causing shadows on the machinery. 
Around time clocks they would vary likely be torn down and 
wasted. A program should be prepared for their placing and for 
departmental requirements. 

27 Banners. These may be placed over the main entrances 
announcing ‘“‘War on Waste.’”’ Oakland had two canvas banners 
with 30-in. letters. These were made from 48-in. width by 24-ft. 
length canvas, and rope bound with corner-eyes and wind-holes. 

28 Publicity Office. The office should be of ample size to 
accommodate the staff, stocks of posters, files of newspapers, and 
outside contact men. The furniture required is a desk, two type- 
writer desks, two typewriters, a flat editorial table, and a file table. 
Two phones are preferable. 


ExuisBiT STAFF 


The function of the exhibit staff is to expose forms of waste bv 
graphic demonstration. The medium used should be the exhibit 
board or displays of waste variously arranged, naming the cause, 
showing the effect, and suggesting a remedy for the prevention of 
a recurrence. 

The staff should consist of: (a) The exhibit commander, 
selected for his familiarity with the products made and the 
methods of manufacture. Since all of the work should be passed 
on by him, he necessarily must be very intimate with the situa- 
tion. (b) The sector commanders (see “Suggestion Staff’’) who 
are responsible for an exhibit from each department under their 
functional supervision. 

The exhibit commander should prepare a sample exhibit board 
displaying forms of waste which apply generally to all depart- 
ments, such as a machine-repair exhibit. This should be pre- 
sented at the first meeting of functional heads, and a list made of 
the number each will require. He then has the blank boards 
made and notifies the sector commander when they are ready. 

To prepare a board properly and arrange the exhibit, it is best 
to have the work done in some isolated location, for individuality, 
to retain the potent effect until the war starts, and to be free 
from operations. 

The exhibit commander should have free access to all boards, 
and pass on the items as pertaining to the sector’s function, edit 
slogans, and assist in the preparation of captions and expla- 
nations. This will eliminate ‘useless labor and expense of dupli- 
cation by departments. 

The size and type of board are regulated by the product to be 
displayed and the extent of the area available, but uniformity of 
boards quickens their manufacture, planning of make-up, and 
final judging. One which can be suspended from the roof truss 
may be found more suitable than an A-frame in the aisle. 

The purpose of the exhibit boardsis educational. Various and 
numerous forms of waste should be allocated to the department 
in which they have the most direct bearing, and examples used 
that are of the most common occurrence, exceptional value, large 
in quantity, or least excusable. 

Each board should carry the department slogan or war cry, the 
department number, and a serial number for the judge’s reference. 
The purpose of the slogan is to attract attention to the war in 
general. It should be submitted to the exhibit commander 
before the sign painters paint it. 

Each article exhibited should be plainly identified by its (a) 
blueprint name and number, (6) the quantity used for the period 
predetermined, (c) their total value, (d) the quantity wasted 
during the same period, and (e) their total value, (f) the reason 
for the waste or defect clearly explained, and (g) a recommenda- 
tion for its prevention. 

To expose all exhibits of waste on a comparable basis it is ad- 
visable. to establish a prior period over which quantities and 
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values are readily obtainable, such as the previous year, or the 
previous inventory year. 

A board should not be decorated merely with a display of 
pretty bottles and a message telling the men to “save these.”’ 
The story should be told. A multiplicity of floor sweepings should 
not be displayed with ‘This is just too bad.”” The wording should 
be specific by items. Board space should not be wasted with 
cartoons, the point of which is seen only by the author. Most 
men think no tool is worth more than a dollar. The message 
must be educational. 

As there is much to be gained through the stimulation of mild 
competition in the type and arrangement of displays, depart- 
ments of considerable size should have several boards for the 
further display of the parts selected in their various stages of 
completion, through which stages the waste is accumulated. 
Where departments are small a combination of items may be 
made if properly segregated on the board. 

The location of boards should be determined from a viewpoint 
of accessibility to the largest number of employees in the depart- 
ment concerned, and where subject to the least disturbance 
through regular operations. 

Classification and fixing of awards should be entirely up to the 
general exhibit staff composed of the exhibit commander and 
heads in charge of engineering, purchasing, operations, sales, and 
accounting. 

The boards may be judged from the standpoints of: originality 
25 per cent, neatness of arrangement 10 per cent, educational 
value 15 per cent, and suggestive value 50 per cent. It is best to 
assemble all the boards at one location for judging, where the 
judges may make more minute and individual comparisons and 
more accurately determine the winners. Plenty of space should 
be allotted so that an unobstructed view may be made of several 
boards at once. 

Inasmuch as the work of building and arranging the exhibits 
requires much constructive thought and effort, and there is a 
possibility that the board will continue to serve as an educational 
medium for waste prevention, those having most merit should 
be retained, and the exhibit changed to show changes in condi- 
tions as they are noted, and particular attention called to give 
more constructive effort. 


SuGGEsTION STAFF 


The function of the suggestion staff should be to classify sug- 
gestions as to functions, make necessary records, submit to sector 
commanders for investigation and grading, act as consultants to 
them for determining sector prizes, and finally determine the 
grand sector prize. The staff should consist of major executives 
who have a comprehensive scope throughout the organization. 

The suggestion commander prepares all necessary forms, and 
all suggestions are mailed direct to him through the factory mail. 
Suggestion blanks and mailing envelopes should be placed at all 
time clocks. 

The original handwritten suggestion when received by the 
suggestion commander is then (a) stamped with a number 
which thenceforth represents the man’s name, (b) classified as to 
the functional sector to which it pertains, such as “‘motor as- 
sembly,” and (c) classified as to the nature of the suggestion, such 
as “‘motor test.” 

A memorandum copy of the complete suggestion is made with 
number for the investigation of the sector commander. This is 
mailed to the sector commander as soon as possible to expedite 
investigation. 

The sector commander is credited with points for the score 
board. These points are determined by taking the entire em- 
ployees competing throughout the organization and dividing by 
the employees within the sector to determine the prorated points 
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per man; then a suggestion from any one man credits his sector 
with this number of points. 

Four copies of the suggestion acknowledgment receipt are 
made, with a summary of suggestions, and one copy is filed 
numerically with the original suggestion attached, the second is 
filed alphabetically for accumulation of the suggestor’s sugges- 
tions, a third is inserted in the classification file for subject 
matter, and the fourth copy is mailed to the suggestor. 

Sector commanders, having investigated all suggestions, attach 
their findings to each suggestion so that a report of their findings 
may be returned to the suggestor. When the war limit closes, 
they decide the winners within their own sector. 

The prime object of a war on waste is to encourage the men to 
continue to make suggestions. If the committee dallies along in 
making the awards the interest is bound to wane. Conse- 
quently, suggestions which require an extended period to investi- 
gate, and which would retard unduly the awards for the war 
proper, should be set aside for later investigation, and the man 
notified to the effect that it will be again considered under the 
permanent suggestion system, and with the possibility of later 
becoming a winner. Thus, the man will be encouraged. 

A suggestion may have been made by a man from another 
department, but the sector commander is not aware of this, due 
to its being numbered only, therefore a man from another depart- 
ment may win a prize in some other than his own department. 
In this case, the sector commander whose function is affected 
shall pay the prize out of his allotment, just as if the suggestion 
had come from his sector. This encourages men to increase their 
scope of investigation for they may win a prize in several sectors. 

Each sector commander notifies the general suggestion com- 
mittee when he is ready to report. He submits his findings, and 
if some unknown phase is not pointed out to him by the sugges- 
tion staff, which would influence his decision, the awards will 
stand, otherwise he regrades his findings. 

The general suggestion staff takes the sector winners and 
decides among the staff who shall win the grand sector prize. 
At the staff’s discretion they may notify all the sector com- 
manders to be present as informants at the final investigation. 

When the awards have been made the suggestion commander 
issues either a “Suggestion Acceptance Slip’ or a “Suggestion 
Follow-Up Slip,” according to the disposition. Either one gives 
a complete report of the investigation as reported by the sector 
commander. 

The commander-in-chief determines the amount to be awarded 
in prizes. The amount of the grand prize is deducted from the 
total. The remainder is divided by the number of employees com- 
peting, to determine the award allotment in dollars per man. 
This figure is multiplied by each sector’s total employees to de- 
termine the prorated allotment for the sector. Thus, in a very 
populous sector there is the same amount of money allotted per 
man as there is in the sparsely populated ones. Due to the larger 
allotment of money, more prizes of a given amount can be 
offered, and any individual’s chance of winning is on the same 
percentage basis as any individual in the smaller department. 
Experience proves many points in favor of many small prizes, 
rather than few larger ones. To many people a prize is a prize, 
even the little trinket in a crackerjack box. 

If a sector is composed of minor deparments, wherein one group 
is of only a few men, but of higher intelligence, it may be better 
to make an exception, and make fewer prizes, but of greater value, 
so long as the total allotment for that number of men is not ex- 
ceeded. Conversely, for the men of lower intelligence it may be 
better to make a greater number of small prizes even to the point 
of where a man has one chance in ten of winning some prize. 
This set-up of awards within a sector should be left entirely to the 
sector commander, who knows best the reactions of his men. 


The grand prize for the best suggestion from any sector should 
be a set amount, since after the sector winners have been chosen, 
they singly represent a sector and all have an even chance. 
Awarding of prizes should be pushed vigorously and enthusiasm 
not allowed to wane. 
COST OF WAR ON WASTE 


Ten Thousand Men For Period of Campaign Proper. Last Three Issues of 
‘Reflector’ and Souvenir Edition Estimated 


1 Publicity Service 12 issues May 6-18. “ .+.+++ $2000.00 
2 “Reflector’’ 12 issues of 11,000 saath, Mey 6- 18, inc.... 1850.00 
3 Artwork Reflector headpiece, 1 at $40.00 
average.... 
Retouching photos, ‘1 at $5.00 
average. 5.00 
Pencil cartoons, 47 at $8.48 < av- 
erage 398.50 
Ink cartoons, 48 at $12.30 av- 
erage. 590.00 
Posters cartoons, 6 at $35. 00 av- 
erage. ... 210.00 
Posters, 5 at $50.00 average. 
Famous-men 1l at 
$35.00 average. 385.00 
Herlock Sholmes, 12 at $35.00 
average...... 420.00 
Foe cartoon, 1 at $15.00 average 15.00 
Cartoons (shop man). a 62.50 
4 Posters Five backgrounds 4 


100 each of 20 designs in 3 colors. 1250.00 
100 each of 20 designsin 3 colors. 443.50 


Total 4000 posters. . 
Poster Cartoons 130 each of 6 designs 4 ‘and 5 
colors. .. . 1151.10 
70 each of 6 designs, ‘4 and 5 
colors. . 870.00 
Total 1200 poster cartoons.......... 1521.10 
Slogan Cards 200 each of 1 design, 1 color............. 37.50 
Mailing and 
5 Photographic Negatives, 372 at average....... 526.70 
Plain prints, 569 at average..... 199.10 


Linen prints, 333 at average... 166 

Graflex negatives, 25 at average. 36 

Graflex print, 79 at average..... 21 
Panorama, 1 at $24.00 average. . 72 

1 

18 

16 


Copy negative, 1 at $1 a 50 
Kodak work........ OS 
Suggested committee Photo. . 66 
Photostats. . .50 
6 Cuts Zine halftones of photos, “91 at 
average.... 397 . 36 
Zinc etchings ‘of cartoons, 73 at 
average. rere 373.43 
Total, 164 at.. 770.70 
7 Printing miscel- 
laneous 10.25 
8 Newsboys High-school students, 18 total, 
366 hours at 30 cents. 109.90 
9 Exhibit Boards Lumber and beaver beend for 1 125 
boards. . 399.26 
Total for exhibit boards............ 1584.57 
10 Banners 48 in. x 24 ft. 30 in. letter 2 at 
$35.00 each.. din 70.00 
1l Miscellaneous Posting 26.00 
Total miscellaneous. . 87.65 
12. Public Address Complete with operator, 4 horns 
System 2 weeks.. - 200.00 
Electric pick-up for Victrola. . 40.00 
Extra horn. . 30.00 
Total public address system. ........ 270.00 
13 Traveling Ex- Men to ee and Pitts- 
penses burg. . 100.00 
Total for war proper. ‘ $13,500 95 
Estimated balance to complete campaign 
14 Publicity Service 3 issues. .. 500.00 
“Reflector” 3 issues at $150. ‘00 each. . 450.00 
Photographic 15 shots..... dane 30.00 
Halftones 15 pieces. . 64.50 
Final edition 
Total estimated balance............ 1419.50 
15 Prizes 1247.00 


Actual to date plus estimated balance. . $16, 167.43 
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Apprenticeship in the Rubber Industry 


By C. C. SLUSSER,' AKRON, OHIO 


In this paper the author describes the apprenticeship training 
courses used by the Goodyear Tire and Rubber Company. The 
training is of four classes—the production squadron, the engineering 
squadron, the Goodyear Industrial University Training Course, and 
the apprentice machinist course. Candidates are selected by means 
of an intelligence test, personal interview, and physical examination. 

The production squadron provides production men for depart- 
ments where extra help is needed. The engineering squadron pre- 
pares men for positions as foremen, inspectors, and staff assistants. 
The Industrial University Training group gives instruction to 
high-school graduates who wish to enter staff work, but require addi- 
tional training. The apprentice machinist course trains men to 


be skilled mechanics. 


ing apprentices in the skilled trades. Some have a plan 

for handling apprentice engineers, and undoubtedly 
schools which have cooperative courses in commerce and engi- 
neering may say that they have apprentices in these lines, though 
the ordinary meaning is applied to those who are indentured. 
The term really means a learner or a beginner who is pursuing 
a course of work and study. It is applicable to those who are 
familiarizing themselves with the fundamental processes and 
operations of an industry. 

Many factory managers are interested in developing skilled 
artisans because it is difficult to hire them. If this is the only 
reason for having a plan for taking persons unskilled and de- 
veloping them into all-round employees, undoubtedly a less 
extensive plan than that outlined is justified; but with new 
processes, new types of work, conveyor systems, interlocking 
of staff and line functions, it is necessary to be alert for men 
who have possibilities above the routine worker. Where can 
these men be found? Should the management develop its own 
men or pursue a laissez-faire policy, trusting to chance to send 
it the kind of men it needs when it wants them? The Goodyear 
Tire and Rubber Company has adopted the policy of training 
all-round workers in both production and engineering lines, and 
of developing and promoting those who prove themselves worthy, 
because it believes that the future leaders must come from within 
its own organization. The more capable men it has, from the 
president of the company down through the ranks, the better 
will be its position in times of stress, for a company’s product 
is no better than the ideals of those in control. 

Training and developing of men as a definite policy dates 
back to 1913, when Mr. Litchfield, the present president, then 
factory manager, started what is known as the production squad- 
ron. Shortly afterward the engineering squadron was organized. 
In 1922 the Goodyear Industrial University training course was 
begun, and in 1925 the apprentice machinists’ course was reor- 
ganized. All of these programs require three years of hard 
work and study. 


A T PRESENT many companies and civic groups are train- 


oF SELECTION 


All of the men and boys on this training work are selected 
carefully by intelligence test, personal interview, and physical 


a 1 Vice-President and Factory Manager, Goodyear Tire and Rubber 
0. 

Presented at the A.S.M.E. Akron Meeting, Akron, Ohio, Octo- 
ber 21 to 23, 1929. 

Note: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 
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examination. There are no definite educational requirements 
for the squadron in the case of excellent appearing material. 
However, the average squadron man now has a high-school edu- 
cation, many having taken college work. 

Personal interview is the first step by which the interviewer 
sizes up the applicant as to his fitness for the work, attitude, 
and experience. In any training program three factors are 
paramount: first, to obtain by careful selection, and thus get 
as desirable material as possible; second, to train according to 
the needs of the industry; and third, to retain by having a place 
for those worthy. 


Gymnasium WorkK 


All who are on the different training courses are required to 
attend, for three hours per week, gymnasium classes supervised 
by the company’s physical director. It is the purpose of these 
classes to develop and maintain the neuromotor adjustments, 
to stimulate and strengthen the vital organs, and to instruct 
students in methods of keeping in the best physical condition 
at all times. This is accomplished through regular class work 
consisting of various group games, calisthenics, corrective exer- 
cises, lectures on diet and proper eliminations. The class work 
further molds the spirit of fair play, develops the element of 
give and take, instills a keen rivalry by competition, stimulates 
initiative, strengthens leadership, quickens the mind and body 
in action, and in general promotes good health. 


THE PropucTIon SQUADRON 


The production squadron was formed originally for the pur- 
pose of having a mobile group of production men who could be 
sent to departments where extra help was needed, thus pre- 
venting a tie-up of the whole organization which might result 
from the modern method of maintaining a small reserve of ma- 
terial between departments. 

The men on the squadron have an allotted time on each of 
the major operations in order that they may become familiar 
with the different processes. The benefits the men receive 
for engaging in this training work are: first, variety of work; 
second, opportunity to learn the business as a whole; third, 
contacts with different foremen, providing a better chance to 
sell themselves; fourth, educational privileges, as each squadron 
man attends school three hours per week; fifth, guidance and 
counsel in improving himself; sixth, a pay which compares 
favorably with the average factory man. 

The squadron man has a minimum rate which he can increase 
by either a merit rate of 2'/. cents to 5 cents an hour according 
to how well he does his work both in school and in the factory, 
or by ability to earn more than his rate when on piecework. 
In addition he receives his hourly rate for the time spent in school 
and gymnasium. The squadron man is required to attend 
Goodyear Industrial University during his course and pursue 
the following: 


First Year Rubber Manufacturing Practice 
Goodyear Organization and Management 
Economics 

Second Year Rubber Manufacturing Practice 
Business Correspondence 
Effective Speaking 

Third Year Sales 
Foremanship 
Business Arithmetic 
Business Law 
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The men are required to make passing grades in their school 
work, and the marks they earn, grouped with their gymnasium 
attendance and the grade cards which they receive each day 
on their work in the factory, form a merit rating which affects 
their pay. The second purpose of the squadron is to find and 
develop men who will fit into the organization and become leaders. 
Men are taken on for their potentialities and latent business 
ability as well as for their value in balancing production. Dur- 
ing the last three years three complete organizations have been 
sent to new plants, yet the Akron plant maintained a higher 
production and plant efficiency than ever before. The squadron 
made this possible. Facts like this justify the company’s present 
method of keeping in training approximately 350 men. 


THE ENGINEERING SQUADRON 


The engineering squadron has similar purposes. It makes 
the engineering departments flexible by furnishing experienced 
men to all departments when needed, trains men to be efficient, 
prepares them to be foremen, inspectors, or staff assistants on 
positions where a thorough mechanical knowledge is required. 
In other words, it is training men to become leaders in the engi- 
neering departments. The engineering-squadron men attend 
school and gymnasium just the same as the production-squadron 
men, though their course is along engineering lines. They are 
given mathematics, physics, mechanical drawing, machine move- 
ments, and English as their subjects. Approximately 62 men 
are following this training program. 


GoopYEarR INDUSTRIAL UNIVERSITY TRAINING GROUP 


The Goodyear Industrial University training group was formed 
for the purpose of giving instruction to a limited number of high- 
school graduates who wished to enter staff work, but who re- 
quire some additional training. These young men work one- 
half of the time, the major portion of this being in the factory 
under the direction of the squadron foreman, who sends them 
through a schedule covering each of the principal operations. 
Here they learn: first, manufacturing processes; second, the or- 
ganization and plant; third, production procedure; and fourth, 
the industrial attitude. The remaining portion of their time 
at work is in the offices in which they have assignments to ac- 
quaint them with the functions of the different departments, 
and to afford a trying-out period before placement. They attend 
school the remaining half of their time pursuing such studies 
as rubber-manufacturing practice, organization and manage- 
ment, sales, typing, shorthand, and office practice. This has 
worked out very well as these young men not only get the train- 
ing needed but are familiarized with the company’s policies and 
traditions. This group is never made up of more than sixteen 
boys. They pay an average tuition of $100 a year, and receive 
pay for their factory work. 


APPRENTICE MACHINISTS’ CoURSE 


It is the purpose of this course to produce technically trained 
skilled machanics by teaching them the fundamentals and prin- 
ciples of the machinists’ trade as it is applicable at Goodyear 
Tire and Rubber Company. Applicants must be young men of 
sound physique between the ages of sixteen and nineteen who 
have completed high school and have a real desire to learn the 
machinists’ trade. In addition to this they are required to at- 
tain certain standards in the test given. Apprentices spend 
one-third of their time in school and two-thirds in the shop. 
They receive no pay for the time spent in school. Two weeks 
of school alternate with four weeks of work, but the grades 
made in school have a direct bearing upon the increases in 


pay. 


How HANDLED IN THE SHOP 


A separate room is fitted up with modern machinery, which 
is in reality a small machine shop by itself. The boys are under 
a department foreman and instructor who direct and instruct 
them in the proper procedure of learning the fundamentals 
of the trade. 

All work is production work, either for the regular machine 
shop or for the machine-design division, and has a standard 
time set on each job so the apprentice is doing real work and 
has a definite goal to attain. For this work the apprentice 
school receives credit from the department for which the work 
is done, so it is practically self-supporting. In addition to work- 
ing in the apprentice room, they have assignments such as tool 
grinding, work at a boring mill, turret lathe, or in the repair 
gang, work in machine design, the blacksmith shop, etc. Daily 
records are kept of each boy’s production, and the time on each 
machine is recorded so he can see what progress he has made 
on his course. 

The apprentice is not made a specialist in any one line, but 
is given the fundamentals and practical application in all of the 
different operations, and upon the different machines that are 
essential. Through intensive and competent instruction, the 
apprentice receives training in the major operations of the ma- 
chinists’ trade in a much shorter time than is ordinarily possible 
by the old type of training. The time for each machine or assign- 
ment is approximately as follows: 


Class of Work Weeks 

Milling machine—vertical and horizontal.... 16 
Bench work and floor work................ 12 
Vacations and extra work. ................. 8 


In addition to the apprentice machinists, there are a few on 
pattern making. These boys follow the same plan as the others 
except that the shop instruction is given them by the foreman 
of the pattern shop. Each boy is taught to perform the various 
operations in building patterns for the machinery used in the 
plant. He is asked in several cases to follow his pattern through 
the casting and machining operations, to be sure he understands 
all the difficulties and problems involved in the actual produc- 
tion of the machine part. The apprentice is encouraged to 
sketch his idea to aid him in the correct visualization of the 
pattern he is about to make. In training apprentices at Good- 
year the mind receives attention as well as the hand. One- 
third of the time is devoted to studies which are related to the 
work. As these young men are entering the machinists’ trade, 
which is a branch of engineering, the major portion of their 
work is technical, and provides adequate instruction, so if any 
show the required qualities of leadership, their future will not 
be impaired due to lack of proper foundation. 


Course or Stupy 


First Year Shop arithmetic '/2 yr. 
Technical algebra '/2 yr. 
Physics 
English 
Metallurgy 


Mechanical drawing and sketching 
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Technical algebra yr. 
Trigonometry '/2 yr. 
Physics 

Effective speaking 
Machine-shop practice 
Mechanical drawing and sketching 
Trigonometry and review 
Physics 

American government 
Economics 

Mechanical drawing 


All classes are held in Goodyear Industrial University, where 
instruction is given by full-time instructors the year around. 
Apprentices receive during their three-year course about fifty 
weeks of classroom work. Four groups totaling 47 are now 
in the apprentice school. 

Merit System of Pay. In the plan used with the Goodyear 
industrial-training group, the student is rated daily in the fac- 
tory on his production, and this is totaled up each month as 
compared to the following maximums: 


Second Year 


Third Year 


80 per cent base rate or better......... 25 
Perfect school standing............... 40 
Perfect attendance at factory.......... 5 
Perfect attendance at gymnasium...... 5 
25 

100 


A total of less than 80 on this scale earns no merit rate; a 
total of 80 and less than 85 earns 2'/; cents per hour merit rate; 
a total of 85 or better earns 5 cents per hour increase. This 
merit increase is in addition to the periodic raises in rate of pay, 
but ig effective for only the following month, so it must be earned 
continually or the hourly rate will drop back to the standard rate. 

Machinist Schook In the apprentice school different factors 
and equated values are used with the maximum shop values 
as follows: 


Productive ability as compared with standard time... 28 

100 


The “production” grade is posted daily on a blackboard in 
the apprentice shop. At the end of a six-weeks period, 66*/; 


per cent of the total shop grade is added to 33'/; per cent of: 


the average grade in the school work. A total of 80 points is 
equivalent to the regular rate of pay. Each two points above 
this determines a 1 cent increase in pay. Periodic raises are 
not given to the apprentices as some will earn increases sooner 
than others. 

Cost of Operation. It has been found that the apprentice 
system as operated is financially sound. The following are the 
figures for three years of operation. They include total expense 
of shop, gymnasium, and school, but excluding overhead: 


1927 1928 1929 to Aug. 1 
$49,553.36 $62,695.39 $40,686.27 


Total recovery... 47,992.56 65,832.27 43,766.34 
3,136.88 3,078.07 


The item marked recovery is the value of the labor performed 
by the apprentice on actual production material charged off at 
the average shop rate. 

Results. In addition to the foregoing figures there are other 
intangible results that would still make the apprentice system 
worth while even if the method in use did not show a profit. 
The one group that has graduated has been eagerly absorbed 
by the organization. In fact there was keen competition be- 
tween several of the departments in regard to which one should 
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be entitled to receive the larger number. This readiness to 
accept the graduates showed a demand that caused the com- 
pany to enlarge its plans so that more groups were enrolled than 
were at first contemplated. 

This demand can be well understood by any one who has in 
the past few years searched the employment bureaus for machin- 
ists. Such a manager can fully appreciate the feeling of satis- 
faction that the plant management enjoys when he sees the 
groups of alert, physically and mentally well-trained appren- 
tices getting ready to assume positions of responsibility. 


Turirt PLAN OR APPRENTICE-SAVINGS SYSTEM 


The apprentices have a rate for each year of their course, 
but it is possible for them to augment this rate up to 10 cents 
per hour by diligence and extra effort. If the boys deposit 
this merit money with a designated bank, and leave it until 
the expiration of their course, the company adds 25 per cent 
to the money they have deposited. The average deposit per 
year is between $50 and $60, thus when they finish their course 
they have a tidy sum in cash. 


ACTIVITIES 


The apprentices have a club to which each one contributes 
monthly dues, to defray expenses of a formal banquet and stag 
dinner. They arrange numerous outings for themselves. Ath- 
letics also plays an important part during the year. In training 
apprentices it is the duty of those in charge of the work to teach 
them not only the fundamentals of the trade, but the value of 
living clean, moral lives and becoming thrifty, useful citizens. 


Discussion 


W. R. Murpuy.? The program of the Goodyear Tire and 
Rubber Company as explained in the paper is elaborate, but 
when the smaller industries hear of it they may feel that if a large 
program of this kind is necessary their work is hopeless. 

A need and a lack of training exist more in the smaller indus- 
tries than in the larger. Small machine shops are not doing their 
share in the training program. 

At the Firestone plant in mechanical trades there are 22 ap- 
prentices, all of whom are high-school graduates who sign up for 
a four-year course. The first two years of this course they are 
given one night each week at Akron University, improving their 
knowledge of mathematicsand drawing. They pay their tuition 
and all their expenses for the two years, which amounts to approxi- 
mately $75. At the end of the two years, if their grades and 
progress are satisfactory, the company gives them $150 in cash. 
If their progress at the university is not satisfactory they are 
dismissed from the company’s employ. At the end of the next 
two years they complete the full apprentice course and are given 
$100 together with a diploma. 

Both of the amounts mentioned are in addition to their regular 
rate of pay, which is $0.25 per hour for the first six months, and 
is increased steadily until at the end of 3'/. years they cannot be 
paid less than $0.70 per hour. The rate for these last six months 
is open, and the supervision determines the rate of pay, providing 
it does not become more than the limit established. 

It is unnecessary for every organization to maintain a univers- 
ity; smaller organizations cannot afford to do this, but they can 
all take advantage if they will of the schooling facilities that 
undoubtedly exist in their own communities. 


H. E. Coox.* In recent years practically all of the larger 


2 Superintendent of Labor, Firestone Tire and Rubber Co., Akron, 
Ohio. 

3’ General Superintendent, Engineering Department, The B. F. 
Goodrich Co., Akron, Ohio. 
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rubber companies have found it advisable to maintain training 
courses for the development of young men for production jobs. 
Some are trained for rubber processing departments and others 
in the manufacture, maintenance, and assembly of rubber ma- 
chinery and mold equipment. There seem to be two distinct 
lines of thought in connection with the training courses for this 
industry. One is the plan explained in this paper and is briefly 
outlined as follows: 

The men selected are given class-room training, field training on 
the major operations, and are then used by the production group 
for “filling in the gaps’’ in the production line occasioned by any 
one of many causes. 

The second is one where the men selected work through a 
probation period, are given class-room work, practical field work 
on major operations, and are then assigned to some special process 
with an idea of specialization. Students showing marked ability 
are given an opportunity toward further self-improvement by 
enrolling in foremanship training classes, and later in classes 
arranged for the education of junior executives. 

In the first instance, is it not possible that only a few men out of 
every hundred would find themselves more than a “jack of all 
trades?”’ Whereas, in the second instance, is it not likely that a 
large percentage would become specialists, at the same time af- 
fording the company an opportunity to find the ‘outstanding 
fellow?” Is the morale of the foreman or his respective produc- 
tion group impaired by the use of squadron men due to conflicting 
authority and temporary use? 

It is the intent, apparently, in the machinists’ course, to give 
apprentices a well-grounded training in general machine-shop 
practices. It is wondered, therefore, if something is not lost in 
having these young men serve their apprenticeship in a room 
apart from the regular production line, and away from the asso- 
ciation of older men, having in mind only that the general knowl- 
edge acquired incident to close association with developed workers 
might promote a better feeling between apprentices and shop 
men, and give the apprentice an opportunity to understand the 
temperaments and characteristics of the men, and the conditions 
under which he will later be called upon to operate. 


Joun ADENDORFF.‘ Due largely to the unsurpassed industrial 
expansion of recent years, an extensive investigation made by the 
National Industrial Conference Board indicated that 200,000 new 
executives (these figures are conservative) would be needed 
annually commencing 1927 and continuing through to the be- 
ginning of 1931. It was estimated that the technical schools of 
the United States will not be able to supply at the outside more 
than 50,000 of these possible executives each year. It is well 
known to industrialists that a large proportion of engineering- 
college graduates are not executives but gravitate into fields as 
designers, experimenters, and so forth, indicating that a large 
proportion of the 50,000 will be discounted in this way. These 
figures indicate that at least 150,000 future executives will have 
to be drawn from the ranks every year. 

These estimated figures indicate that there is a large oppor- 
tunity for the trained apprentice. Isit not true that constructive 
apprenticeship training is underestimated? The question arises, 
“Shall it be the endeavor of the rubber industries to train ap- 
prentices for a specific job only, or institute such training work as 
to find possible future executives as well as men for subordinate 
positions?” Also, how are industrial leaders developed? 

The ability to perform just one piece of work and the will to 
overcome just one discouragement will not make an executive and 
will not develop a successful apprentice. The work must be 
achieved not once, not twice; but time and again, ceaselessly, an 


4 Professor of Industrial Engineering, The University of Akron, 
Akron, Ohio. 


endless array of setbacks and disappointments must be overcome. 
Modern industry indicates that it is a successive series of blows 
that counts, like a battering ram against an ancient city wall. 
This battering ram for the apprentice should be so strenuous and 
so consistent as to make it possible for him to see as others see, to 
think as others think, to feel as others feel, to the end that he 
demands from others no more, no less than is possible. In like 
measure he must understand the limitations and possibilities of 
his materials and his machinery. His training must develop 
more than knowledge; it must mold character by developing 
courage, stamina, industry, and patience. In short, he must 
learn to know, understand, and appreciate values as to men, 
methods, and machinery. Men in large numbers are able to 
acquire knowledge quickly, but understanding and character are 
slow developments. They literally wither in a man of soft ex- 
perience. Is it not true that an apprenticeship course should 
develop a sense of responsibility? 

The author says that “applicants must be young men of sound 
physique between the ages of 16 and 19 who have completed high 
school and who have a real desire to learn the machinists trade.”’ 
Is it not true that some of the best mechanics of the day are those 
who have not had the privilege of high-school training? Is it 
fair to limit the training to only those who have completed the 
high-school course? Is it not also true that natural ability and 
intense desire on the part of the possible candidate should be 
seriously considered? 

The paper suggests that during the first and second years 
technical algebra should be taught to the apprentice. Why? 
How many first-class apprentices find the need of technical 
algebra? ° 

Under the head of ‘Machinist School” the following is given: 


Productive ability as compared with standard time 28 
Workmanship 28 
Conduct. 7 
Attendance. 7 
Foreman’s opinion 
100 

Who is the judge of the productive ability, is it not the 
foreman? ‘ 28 points 

Who is the judge of the workmanship, is it not the fore- 
man?. . 28 points 

Who is the judge of the conduct, is it not the fore- 
man?. 7 points 
Foreman’s opinion 30 points 


93 points 


If these figures are correct, is it true that the foreman has 93 
possibilities in 100 to advance or demote the apprentice? Is it 
true that if the foreman is progressive and effective, the pro- 
gressive and effective type of apprentice will be developed, and if 
the foreman is prejudiced the apprentice will suffer seriously? 
The average foreman in industry is a very capable man, but he is 
usually heavily loaded. Are we not unduly adding responsibility 
to the foreman? By giving the foreman a more equitable share 
as his part in carrying through a successful apprenticeship pro- 
gram, and by having the management provide instructors to take 
care of and personally train a reasonable number of apprentices 
under the guidance of each instructor, the responsibility is more 
equally divided and satisfaction for all parties concerned more 
effectively attained. 

Another statement in the paper reads: “If the boys deposit this 
merit money with a designated bank, and leave it until the ex- 
piration of their course, the company adds 25 per cent to the 
money they have deposited.”” Is not this a form of forcing thrift 
on the apprentice? Is it not a better policy to “lead’”’ rather than 
“force,” by offering a bonus because the apprentice has attained 
and maintained an hourly increase of up to 10 cents because of 
diligence and extra effort? Is it not true that the apprentice who 
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invests this additional increment of pay in good books, for in- 
stance, is just as thrifty as the boy who invests the same amount 
of money in a bank? 

What are some of the fundamentals an apprentice in the rubber 
industry should know? It is suggested that he should know: 
(1) Rubber as a raw material through to the finished product. 
(2) The equipment, machinery and methods used to change the 
raw material into a finished product. (3) The many commercial 
uses for rubber. (4) An understanding of and later the possible 
handling of men. 

The equipment and machinery can be learned in the depart- 
ment where the equipment is made and repaired. Methods and 
system can be learned in the shop. The raw material through to 
the finished product can be learned by studying the raw material 
from the time the raw material enters the plant, or even earlier, 
through to the finished product. The many commercial and 
further uses of rubber can be studied and learned in and outside of 
the plant. An understanding of men can be learned in the school 
of hard knocks, and a daily study by the apprentice himself of 
himself through his contact with other men. 

The Goodyear Tire and Rubber Company should receive high 
commendation for initiating and operating the apprenticeship 
courses so ably outlined in the paper. Such leadership is en- 
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dorsed by many of the largest industries. Intensive apprentice- 
ship training courses are developing many of the capable execu- 
tives of tomorrow. 


AvuTHOR’s CLOSURE 


Regardless of the individual types of apprenticeship training 
used in the various industries, we are all agreed that we do need 
apprenticeship training. 

The Goodyear Tire and Rubber Company has a system of 
apprenticeship training that fits very well into its individual 
type, size, and set-up of industry. Other companies have their 
set-ups for just such training—some, of course, being more 
elaborate than others, corresponding naturally with the size 
of the particular industry. 

We may not all agree on every phase of every industry’s 
training program, and we may have some suggestions and cor- 
rections to make. This will take care of itself. The thing we 
should all be interested in is to promote the principal idea of 
apprenticeship training in industry. Let us forget for the 
moment the various types of training and turn our efforts to 
the idea of establishing some kind of apprenticeship training in 
every industry regardless of the particular size or type that may 
be encountered. 
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Progress in Materials Handling 


Contributed by the Materials Handling Division 


Executive Committee: R. H. McLain, Chairman, M. W. Potts, Secretary, J. A. Shepard, 
G. E. Hagemann, F. D. Campbell, and C. D. Bray 


ROGRESS in materials handling may well be likened to 

the progress of a river on its way to the sea. Achange ina 

single plant, the introduction of a refinement in one of a 
thousand different devices, is like a ripple on the surface of the 
stream or an eddy in the current. Viewed from afar or by a 
hurried glance the river seems to be immovable, no change of 
course or speed or amount of flow. The same is true of materials 
handling; no survey of progress over so short a period of time as 
a year will reveal any startling disclosures. The shape of the 
stream is much the same as a year ago; its rate of flow has per- 
haps increaséd slightly, but not to any marked degree. There are, 
however, developments which, though not in themselves of far- 
reaching importance, indicate the trend just as a surface eddy 
indicates the process of erosion and the straightening of the river 
bed. The value of the specific illustrations in the following report 
lies therefore in their serving to illustrate slower, deeper move- 
ments which will become apparent only over a considerably 
longer period than one year. 

Materials handling today may better be termed an industrial 
art than a science. Science connotes the existence of a universal 
terminology, an exact system of measurement and unmistakable 
definition as to conditions, methods, and results. This definition 
does not exist in materials handling today, nor does there seem 
to be any marked tendency in that direction. Little or no re- 
search (except by a few isolated manufacturers) has been at- 
tempted, hardly any theoretical material has been published, and 
any uniform or comparable methods of keeping transportation 
costs still await the efforts of the engineer or plant executive. 
That this condition exists is partially due to the attitude of those 
men from whom this Society draws its membership. 

Of all the classes of men from whom information was sought for 
this report and which included manufacturers and users of ma- 
terials-handling equipment, editors of industrial publications, 
executives of industrial associations, and men whose business 
it was to design and lay out industrial plants, the least informa- 
tion and the poorest response was received from the last named. 
The mailing list included the names of 62 engineering firms who 
either design, build, or act in a consulting capacity for industrial 
plants throughout the country. Of the 62 concerns questioned, 
10 replied, and of these 8 stated that they were not familiar with 
the field or had nothing to report. One reply to the questionnaire 
sent last year arrived too late to be included in that report, but 
is quoted in part as an illustration of the point in question. 
The reply quoted is from an executive of a nationally known 
firm of consulting engineers and may be termed either humorous 
or pathetic, depending on the reader’s point of view. “...... In- 
asmuch as we are only concerned with the design and operation 
of industrial plants, we are naturally not qualified to contribute 
anything to a report on materials handling.” The italics are 
those of the Progress Report Committee, and if this firm is 
“naturally not qualified” the committee would like to know who 
would or should be. Aside from the above, the answers to the 
questionnaires provide a very real indication of the develop- 
ments during the past year. 

Before treating the development of particular equipment or the 
practices introduced in specific industries, mention should be 


made of the work of the Department of Commerce in the sim- 
plification of skid platforms and lift trucks. This project is more 
than a mere eddy on the stream of progress; it might best be 
likened to a dredging operation to straighten and deepen the 
channel, for by the removal of obstacles the usefulness of me- 
chanical handling will more easily enter a new field. This field is 
that of physical distribution, which has in the past been neglected 
for that of production within the plant. As a special session of 
this Annual Meeting is being devoted to the subject, no further 
reference will be made here other than to say that the practice 
of skid shipment of material has grown noticeably during the past 
year, and that if any one development of 1928 is to be singled 
out as outstanding in its present and latent possibilities, this 
practice and the action sponsored by the Department of Commerce 
would in all probability be selected. 

Approaching the subject of the development of different types 
of equipment, there are a few basic trends which, though ap- 
plicable to all kinds of equipment, have been reported repeatedly 
in this field. Steel is replacing cast iron, pressed parts are 
being used in place of castings, roller bearings are more and more 
widely employed, while better lubrication, enclosed drive, and 
protective devices for machines and operators are becoming 
almost standard in the field. 

In specific types of equipment the following developments are 
typical. 


HANDLING 


A new ballast-cleaning machine shown in Fig. 1 has been placed 
in service which operates with a much smaller crew, will clean 
wet ballast, and is so designed that the entire equipment is con- 
fined to the one track, allowing the free passage of trains on the 
adjoining track. 

At Toledo a new car dumper has been installed which has a 
capacity of one 70-ton car per minute or 4200 tons per hour. 

A process has been developed for the aeration of cement which 
permits it to be moved by force pumps without dust losses and 
with concurrent improvement in plant operating conditions. 

To facilitate cheaper movement of equipment a prominent 
concern has produced a 2-cu. yd. shovel, grab, or dragline ma- 
chine with caterpillar treads which are demountable for shipment, 
a narrow tread being laid on the flat car. This allows the large- 
capacity equipment to be shipped on flat cars without the ex- 
pense of disassembling the unit. (See Fig. 2.) 


CoNnvVEYORS 


The principal developments in conveyors have been along the 
trend toward “making on the move.” Testing, weighing, as- 
sembling, and inspection are all carried out without the material 
leaving the line; in many cases work-holding fixtures have been 
the means of accomplishing this end. 

An improved design (shown in Fig. 3) has appeared for a roller- 
conveyor switch consisting of a special flexible section at the pivot 
end. Each roller on this section is separately mounted and kept 
in a radial position, with its own set of guard rails similarly 
mounted. Spur-gear drives in oil seem to be common in the 
newer types, while the application of conveyors seems to have 
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Fie. 4 Overneap Crane WELDED-STEEL ENp TRUCKS AND 
Equiprep Router BEARINGS THROUGHOUT 


Fie. 1 Bawuast-CLEANING Macuine Wits a Capacity oF ONE 
Mite or Track Day. Free PassaGe or Trarns Is 
: ALLOWED ON THE ADJOINING TRACK 


Fie. A 2-Cu. Capaciry SHovet Wits RemovasiLe CaTER- 
PILLAR TREADS WHIcH ALLOW THE RaIL SHIPMENT OF THE Fie. 5 6000-Ls. Hics-Lirt Evecrric Truck Lirtrinc Rance 
Macuine WitTHovut D1sassEMBLING Up To 11 Fr. 6 IN. 


Fic. 6 Ten-Ton-Capacity Execrric Truck For HANDLING 
or Sueet Steet Orr THE FLoor or CAR OR 
Fie. Pivot Enp oF 4 New Rotier-Converor Switca WAREHOUSE 


— 


te. 


MATERIALS HANDLING 


broadened generally. An interesting development is that in a 
Wyoming coal mine where the conveyor picks up the coal as shot 
from the working face, and transports it to the cars which are 
loaded in the main entries. 


CRANES AND Hoists 


One company reports the furnishing of equipment for large 
wharf cranes which perform a spectacular task. These cranes 
transfer fully loaded refrigerator cars from the dock to the hold of 
a vessel. The process is reversed upon arrival of the ship at 
destination. The ships are to ply between New Orleans and 
Havana with perishable freight. Larger capacities are to be 
found in locomotive cranes, an 8-wheel 25-ton crane having ap- 
peared during the year. This crane also follows a growing prac- 
tice by being powered with a 6-cylinder 150-hp. gasoline engine. 

The design of cranes has followed the general trend in that 
welded steel has lightened the construction (Fig. 4), and more 
exact control is to be found from the use of Ward Leonard con- 
trollers instead of rheostats. Hook and travel speed have also 
increased during the year. There have been some interesting 
illustrations of the use of automatic grabs, particularly at the 
Hawthorne plant of the Western Electric Co. The use of men 
on the floor of their cable storage and testing room has been prac- 
tically eliminated. The reels of cable are spotted in exact loca- 
tions on the floor by means of depressions in the concrete which 
center the reels. The main crane runways are marked to corre- 
spond with the centerlines of the reels, and similar marks are 
used to center the carriage of the crane itself. The crane is 
equipped with an automatic grab so that the operator, having 
centered the hook over a certain reel, can pick it up without as- 
sistance from the floor. Reels are now stored with less than six 
inches clearance with the adjoining reel, and a large amount of 
storage space has been saved. Light hoists are being used in 
warehouses and the unloading platforms of large stores. 


Evecrric InpustRiAL Trucks 


Progress in the development of electric trucks has been along 
the lines indicated in previous years—larger capacities, increasing 
lift range, and the development of special equipment to perform 
some special task. Die-handling trucks have been delivered 
to such firms as Fisher and Briggs with rated capacities of 12 and 
14 tons, some of which are equipped with supplementary winches 
for moving the die on and off the high-lift platform. A 6000-lb. 
high-lift truck which has a lifting range of 11 ft. 6 in. has been 
put in service in a paper concern. (See Fig. 5.) In the field of 
special trucks there are three which are of interest. A truck is 
now used by a sugar concern which cuts blocks of sugar from an 
18-in. sheet, picks up five blocks weighing a couple of hundred 
pounds each, transports them to storage, and stacks the blocks. 
A second truck is one designed to handle bosch tanks in a tin- 
plate mill. Lug angles were welded to the sides of the tanks 
which when loaded weigh about 9500 lb. These lugs are engaged 
by the lifting device which is in the shape of a divided platform, 
allowing the two halves to pass on each side of the tank. The 
top of the tank when raised comes in contact with a cover which 
eliminates all spilling of water while in transit. Another truck 
(see Fig. 6) which has been developed in connection with tin- 
plate handling is used by the American Rolling Mills. This is a 
ten-ton articulated truck with tilting platform and auxiliary 
winch for the handling of bundles of sheet steel which rest on the 
floor of freight cars or mill. The bundle is loaded by inserting the 
edge of the platform under the bundle and drawing the load on to 
the inclined platform by means of the electric winch; the platform 
is then leveled before transporting the load. The process is 
reversed for unloading, the platform being tilted and the load re- 
leased slowly by means of the winch. 
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Hanp Trucks 


The past year has seen the introduction of higher capacities, 
improved lifting devices, and other improvements. The use of 
live skids is coming into more prominence, while the practice of 
shipment on skids has increased the use of both hand and electric 
lift trucks. 

Other fields have reported progress, though without any out- 
standing examples. The phase rectifier which allows the use of 
a two-wire pick-up of power instead of three has found ap- 
plication in the tramrail field. Another development in controls 
has been in connection with 18-ton dump cars which are used in a 
limestone quarry. ‘These cars are moved, dumped, and returned 
by means of a distance control operated by one man. 


INDUSTRIAL DEVELOPMENTS 


Only a few developments in specific industries warrant par- 
ticular attention, as there have been no outstanding changes in 
methods of either materials handling or other processes which 
would affect the former. Electroplating and heat treating in the 
automotive industry have increased the use of conveyor apparatus, 
as accurate control of the process is accomplished by mechanical 
handling. Work-holding fixtures are found to be more and more 
prevalent. Although not strictly in the materials-handling 
field, pneumatic systems are now employed in the chemical in- 
dustry for the recovery of fumes that were formerly wasted. 
This practice has, of course, improved operating conditions in 
many plants. 

The canning industry reports that the most outstanding accom- 
plishment of the year has been the coordination of different types 
of materials-handling equipment with the resulting economies of 
properly chosen equipment for each process. The foundry in- 
dustry has shown further adoption of continuous molding, which 
of course is not a new method, and it is probably not generally 
known that it was first used by the Westinghouse Airbrake Co. 
nearly forty years ago. Overhead tramrail equipment of new 
design (Fig. 7) is used for cupola charging, handling larger units, 
and providing an even distribution of the charge. Opinions 
differ as to the trend in the industry, some believing that surface 
transportation is gaining popularity while others hold that over- 
head systems promise greater economies. 

One or two items are worthy of mention in the field of marine 
transportation. In addition to the handling of loaded freight 
cars in and out of the holds of vessels mentioned earlier in the re- 
port, more and more terminals are becoming fully equipped with 
mechanical equipment. The new terminals along the Pacific 
coast are better equipped to handle freight to and from motor- 
truck delivery. An engineer has also been employed by the 
shipowners and the stevedores along the San Francisco water 
front to study means of reducing accidents. Indications are 
already apparent that his services have been the means of making 
a radical reduction in the number of accidents along the piers. 
One authority in this field has stated that the biggest handicap to 
better handling methods in this field is the lack of sufficient 
accurate figures on which to determine the relative merits of 
different equipment and to judge the savings which would be 
effected. 

The paper and pulp industry has continued in a prominent posi- 
tion as regards materials handling. The shipment of flat stock 
on skid platforms has grown during the year, the handling system 
is of prime importance in the design of all new plants, and atten- 
tion has been given to the handling of miscellaneous materials 
around the plant such as coal, chemicals, etc. An interesting 
adaptation from another industry is the tse of a pump for slush 
pulp which was adapted from those used in sewage-disposal 
plants. 

The newer textile plants are paying more attention to handling 
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methods than ever before, and it is said by the technical editor of 
one of the leading industrial papers that there will probably be 
more handling equipment purchased in the next ten years than 
in the previous century. 

Warehouse handling, though confined mostly to the chain-store 
and wholesale fields, has shown a healthy improvement over 
former years. The importance of economical handling has been 
driven home to the chain-store operators by the keen com- 
petition in the business. 

In one or two instances the handling method has influenced the 
manufacturing process. The ability to handle large dies has 
changed the methods in the automobile-body business, while the 
methods used in locomotive and car repair shops have been re- 
vised so that the engine or car is stripped outside the shop, the 
parts cleaned, and the erection shop devoted solely to the as- 
sembling process. A new gas-electric locomotive is used by a 
steel plant for transporting “hot-metal” ladles from Hamilton 
to Middletown, Ohio, a distance of ten miles. The saving in the 
cost of reheating the iron has paid for the transportation equip- 
ment. Another development which should have a most lasting 
and beneficial effect is the practice of placing all transportation 
under the authority of one qualified man. This practice was at 
first confined to only the largest plants, but it has now grown so 
that the medium-sized and even fairly small plant has seen the 
economy. 

Many of the answers to the questionnaires were couched in 
terms of generalities only, but these replies may well be used to 
summarize the basic trends of which specific developments are 
but the indications. In answer to what was the scope of develop- 
ment in the field, either technical, economic, or social, there were 
widely varying replies, as follows: 


1 The extension of materials-handling methods into the 
distribution field 

2 The coordination of the different types of equipment into 
a unified system for the plant as a whole 

3 A growing acceptance on the part of plant executives 
that process work and handling are indivisible and often 
indistinguishable 

4 That much had been accomplished in the development of 
special accessories for the equipment and in filling in 
gaps in the handling systems 

5 That progress is in general due to the initiative of the 
manufacturers of equipment rather than the plant 
executive 

6 That materials handling has raised the plane of the un- 
skilled worker where mechanical means have been 
employed. 


General trends in the equipment itself include the following: 


1 The use of pressed-steel and welded construction 

2 The introduction of roller bearings and better drives and 
lubrication 

3 Larger capacities and improved controls. 


RESEARCH 


In reply to a question as to what research had been done in the 
field, the answers were in general in the negative, bearing witness 
to the fact that materials handling has not arrived at the stage 
of development where pure research is to any extent employed. 
In one of the large steel concerns, however, a materials-handling 
committee has been appointed to make periodic investigations 
as to the methods in the various company plants and those of 
other companies. A testing device, shown in Fig. 8, has been 
put in operation by a manufacturer of hand trucks and trailers. 
This is an example of practical research, and has probably been 


adapted from the “proving ground” idea common in the auto- 
motive field. 

The Society for Electrical Development, Inc., has sponsored a 
field survey in which the entire question of the ownership of 
materials-handling equipment is a part. Fig. 9 shows the pro- 
portion of companies using different types of materials-handling 
equipment in their plants. It is interesting to note that the 
prevalence of the different types of equipment is very nearly 
proportional to the time such equipment has been used in in- 
dustry; hand movement has of course existed since the be- 
ginning of time, and overhead cranes are one of the oldest types 
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of materials-handling equipment. Fig. 10 shows the proportion 
of companies engaging in each materials-handling operation. 
The high proportion found in operations (1) and (7) is un- 
doubtedly due to the fact that many companies such as those hav- 
ing railroad freight houses and warehouses were interviewed in 
which these two operations embraced the entire activity of the 
plant. Fig. 11 shows the same materials-handling operations 
that are listed in Fig. 10 with the proportion of companies em- 
ploying different types of equipment for these operations. The 
reverse of the curve for hand equipment might well be considered 
as an indication of the degree to which mechanical equipment has 
been employed in these various operations. It will be noted that 
the curve for overhead equipment and conveyors reaches a high 
point at operation (3), namely, the movement of material through 
process, whereas this same point is the minimum for the curve 
representing hand equipment. It should perhaps be realized 
that in the unloading of raw materials and in the loading of 
finished goods there is nowhere near the same degree of mechani- 
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zation, although every pound of material moved through process 
has to be handled when entering the plant and when some propor- 
tion thereof leaves the plant in finished goods. The problem 
faced by the materials-handling engineer and the manufacturer of 
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such equipment does not seem to be so much a question of the 
relative merits of different mechanical handling devices but rather 
an educational task to reduce the tremendous proportion of hand 
movement still existent in American industry. 

Answering the question regarding the influence which other 
processes has on materials-handling methods, there were several 
factors which seem of real importance: 


MATERIALS HANDLING 
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1 The growing decentralization of industry with the 
erection of plants in low-rent areas has led to a majority 
of one-story buildings with long hauls and more open 
location of machinery 

2 Production machinery is being designed with an eye to 
the method by which the material will be brought to and 
from process 

3 The handling methods of customers are influencing those 
in the plants of the suppliers of materials 

4 The segregation of materials-handling costs has brought 
the entire question before the eyes of plant executives 
in the most forceful manner possible. 
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The last question asked for an opinion as to basic trends, of 
which the following were most often mentioned: 


1 The design of a new plant around the materials-handling 


2 


3 


method 


The entrance of mechanical handling into the distribution 


field 


The selection of equipment best suited to the particular 
service to be rendered, but with due regard for the entire 
system in the plant as a whole 

The growing use of standard equipment wherever possible 

The increase of hand-to-mouth buying has necessitated a 
speeding up of the flow of material through the plant 

The full development of materials-handling methods 
seems to be a function of management rather than one 
in which the engineer, particularly the consulting en- 
gineer, is playing a leading or progressive role. 


Respectfully submitted, 


Progress Report Committee of the Division, 


C. B. Chairman 
N. W. ELMER 

E. D. 

M. W. Ports. 
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Discussion 


Ezra W. Crark.' We can look at materials handling in a 
larger way and say that America’s position in the industrial 
markets of the world depends quite largely on the elimination 
from our processes of manufacture of the cost of handling ma- 
terials. A few years after the close of the war, we had a great 
industrial depression in America, and the American manufacturer 
was taught the danger of too great inventories. Now we have 
the problem of quick turnover facing every production manager. 
Quick turnovers mean low inventories, another item in low cost 
of production. 

We used to buy materials by the carload. We now buy them 
in much smaller volume, and this throws a great burden on the 
railroads of America because the manufacturers demand that 
freight shipments be sent at express speed. It has increased 
tremendously the problem of l.c.l. carrying and especially 1.c.1. 
transfer on the great railroad systems. So we have been de- 
veloping in the country the great l|.c.]. transfers where hundreds 
of trainloads come in in a day. The freight is distributed, 
classified, and returned to the various cars for dispatch to various 
points. 

The Chicago and Northwestern Railway has put $16,000,000 
into one l.c.l. transfer point at Proviso, Ill. Other railroads 
have faced this same problem, so that today the American 
manufacturers receive their freight shipments almost as fast 
as in pre-war days they received their express shipments, and 
all of this means that we are lowering the cost of American 
products. It costs as much to move a carload of materials 
through a plant from the receiving platform through the proc- 
esses of manufacture to storage or to shipment as it does to 
bring that material (say a carload of steel) from Pittsburgh. 
With the elimination of internal freight we are going to find 
that America’s place in the industrial world is assured. 

Among the new industrial haulage vehicles that have been 
introduced during 1928 attention is called to a small three- 
wheeled gasoline-propelled industrial tractor designed primarily 
for use at railroad terminals, transfer points, docks and wharves 
of steamships and storage warehouses, and for interior use in 
the larger industrial establishments where a_short-coupled, 
short-turning tractor is required, also a power-operated shovel 
hopper which is in effect a power-driven wheelbarrow which 
automatically picks up its load, carries it in elevated position, 
and dumps it at the point of service. The machine is largely 
used in foundries and in all industrial establishments such as 
fertilizer and cement mills where bulk materials of a sand-like 
nature require handling. 

A concrete products lift truck has been designed for the han- 
dling of green concrete blocks in process of manufacture. Modern 
construction has greatly stimulated the concrete block-making 
industry and this machine with spring-suspended platform 
enables the block manufacturers to move the fresh block quickly 
from the block-making machine. 


M. A. Srone.? I hope that the progress report will focus 
attention on materials handling and will bring many interesting 
examples into the open. In many plants materials handling 
has often been developed as an incident to processing, but such 
development has been thought of as processing rather than as 
materials handling and has been described in print comparatively 
rarely. 

I recall some instances which came under observation some 
years ago. One was in a can-manufacturing plant which was 


1 Vice-President, Clark Tructractor Company, Battle Creek, Mich. 
? Structural Designing Engineer, E. L. Phillips & Co., New York, 
N. Y. Mem. A.S.M.E. 


developed by the superintendent of an oil refinery, in which the 
plates were carried by conveyors through the operation of crimp- 
ing, assembling, and soldering. The plates went in at one end 
of the plant and came out at the other a finished can, filled with 
oil, without any manual handling. Needless to say that in 
the highly competitive business of oil manufacture as it was 
practised twenty years ago, the superintendent would have been 
highly scandalized at the suggestion that he disclose the details 
of his plant and it has never been described. 

Another instance was in a carbon company, one department 
of which manufactured dry batteries. The engineers who de- 
veloped the process seemed to have grasped the idea that manu- 
facturing was essentially a transportation problem, and from 
the time the zine plates were cut the battery traveled around 
from the various manufacturing operations on a series of con- 
veyors. Curiously enough, in other departments of the plant, 
transportation was still by hand trucks. This plant has never 
been described so far as I know. So that there is a great deal 
of progress in materials handling which does not become general 
knowledge. 

I believe that it is an important function of this section to 
bring such instances to light for the encouragement of other 
engineers who are trying to supplant uneconomical manual 
handling with mechanical. When labor costs were low it used 
to be difficult to persuade boards of directors that the intro- 
duction of costly machinery would save money. 

With the present wage scale the suggestion of labor-saving 
machinery meets a more immediate welcome, but I believe that 
the one thing which will be of the greatest assistance in furthering 
its introduction is the publication of costs and reports of savings 
which have been accomplished. Costs are kept more carefully 
now than in the old days. When no one knew the cost of manual 
handling, it was hard to demonstrate to the board the economy 
of labor-saving machinery. Even the cost of power was vague 
in plants and the cost of conveyor operation difficult to predict. 

While belt conveyors are undoubtedly usually over-powered 
when new, I recall a smelter in which I saw the conveyors running 
with the rubber torn from the fabric every few feet of the belt 
and slapping over the idlers and against the housing. I will 
not hazard a guess what power they took, but I do not believe 
that in that condition they were greatly over-powered. Power 
did not show up in the operating costs as buying a new belt 
would, which brings us back to the question of costs again. The 
more a manufacturer knows of costs, the more likely he is to 
install mechanical-handling equipment. 


R. H. McLain.’ As retiring chairman of the executive 
committee I wish to say that we have in the Materials Handling 
Division an opportunity and need to do something for our art, 
and that is to become a central source of information. In 
almost all other professional divisions there are already some 
outstanding places where one can go for information. In the 
electrical industry there are a few large manufacturers and a 
few very large users who have men who are putting their whole 
lives on one thing, and who therefore are centers of information. 
In the railroad field there are the railroad companies themselves, 
and in machine-shop practice there are the machine-tool manu- 
facturers and other sources of information, but in materials 
handling you might say it is unfortunate that there are not very 
many, if any, manufacturers who cover the whole field in such 
a large way as to be centers of information. 

The people who apply materials-handling methods in large 
plants are generally people with heavy responsibilities and wide 
experience, but they do the materials-handling application as an 
incident to their other work. The industry, of course, needs 

2 General Electric Company, New York, N. Y. Mem. A.S.M.E. 
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men whose whole time is put on materials handling in its widest 
application. 

The Materials Handling Division needs very much to know of 
everything that is going on and everybody who is actively 
engaged in it. If we could know where to go for all of the in- 
formation that actually exists you would be surprised how much 
use there would be made of it. 

The Materials Handling Division has about 2500 members 
registered. People come to us for speakers, for descriptions of 
installations, for solution of problems. People come to us and 
want to know the right man to take up the right job. 

I want to add to the list of developments put down in the 
report. There is an acceleration meter being developed by the 
Bureau of Standards in Washington. Something like $25,000 
has been appropriated by all the elevator manufacturers in 
the country. This meter can be put on a freight elevator or a 
passenger elevator, and there can be determined from the graph 
it will make the rate of acceleration and deceleration on that car. 
That is a materials-handling research problem and shows that 
some people are spending a great deal of money on research. 

So long as this subject of conveyors has been brought up, 
I will say that if enough people are interested and if the people 
who have knowledge as to formula want to compare notes with 
others, I think work of that kind can be done by a committee. 

I would state from the standpoint of the electrical engineer 
that his point of view is simply this: Too large a motor costs 
more money at first, and more for the power than a proper size 
motor. On the other hand, too small a motor may burn up. 
It is evident that what you want is exactly enough knowledge 
of the actual conditions to get a motor just large enough not to 
burn up, and on the other hand as small as possible so as to get 
the accruing economies. An electrical man, of course, has to 
look to the mechanical man to supply him with information 
as to the amount of power required. 


AvuTHOR’s CLOSURE 


Mr. Crockett. There were several excellent points made, 
some of which, due to familiarity with the field, many people 
pass over perhaps as axiomatic. 

Mr. Clark brought up the item of quick turnover. I wonder 
how many people realize just how quick some of this turnover 
is with fully developed materials-handling systems. In Detroit 
there are plants such as Packard, Hudson, and Hupp, operating 
with thousands of employees, and a supply of raw materials 
that will last the plant for from three to four days. That shows 
their utter dependence on rapid and accurate freight movements 
and equally rapid unloading and transfer of material to process 
and through process. The amount of inventory that has been 
eliminated runs into millions of dollars. The storage space is 
now utilized as productive footage. In one plant they have 
eliminated 150 employees who were what they called stock 
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chasers. Their former materials-handling system was not de- 
pendable, not systematized, small quantities were needed rap- 
idly, and they employed no less than 150 people to take care 
of those emergencies when they arose. The modern process 
now is to practically eliminate incoming stores, eliminate re- 
handling, and move materials direct from the incoming freight 
cars to the point of first process. 

Another point which was brought up was the lack of definition 
as to terms. This perhaps might be illustrated by the remarks 
on the advantages of gasoline equipment. If somebody in a 
society having to do with standards in steel stated that they 
used steel of a certain percentage carbon in a design with so 
many pounds per square inch, with a load of a certain size and 
weight, everybody there would have a clear definition of the 
problem and how it was solved. The statement that a certain 
piece of equipment is used for materials handling does not have 
at this time that same definition. There are a hundred and 
one different plant conditions, conditions of material, size, 
weight, etc., which enter into any statement and which should 
be known when any statement is made as to materials-handling 
equipment. The definition and the understanding of the appli- 
cation of the equipment can only be duly appreciated when 
these conditions are known and measured in terms which can 
be commonly understood. 

In regard to the question of general knowledge of materials- 
handling methods in other plants, I went into the plant of the 
Hupp Motor Car Corporation recently and asked for the pro- 
duction engineer, and I was informed that he was over at the 
Packard plant inspecting a new method of handling body plate. 
That is the general characteristic of the automobile industry— 
the interchange of information for the benefit of all. 

There is also the question that costs should essentially be a 
comparison. Unless complete and accurate costs are kept 
before the installation is made, a great deal of the force of the 
cost figures is lost because you do not have a comparable sitva- 
tion, and to say that the cost is so much in one plant and compare 
it with another whose conditions are different is not an engineer- 
ing method. If you can say the cost was so and so before the 
installation of equipment and that the following definite changes 
have cut that amount so much, then you have an engineering 
comparison on which a man can judge the merits of the installation. 

I might add further that the manufacturer of mechanical- 
handling equipment has only one real source of competition, 
and that is the hand movement of materials. In the recent 
survey made of these 300 industrial plants, we found that the 
purchase of mechanical-handling equipment replacing any other 
type of mechanical-handling equipment was very small, some- 
where between 5 and 8 per cent. In all other cases it was 
installed to replace hand movement or hand lift trucks or to 
provide additional capacity due to the industrial growth in 
the plant. 
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Aerial Ropeway Erected in Cyprus for the 
Transport of Asbestos 


By I. BERTOLINI,! MILAN, ITALY 


ROBABLY the most important problem connected with the 
P successful exploitation of minerals is that of transport. 
This problem is rendered more difficult of solution by the 
fact that minerals often are found in mountainous regions not easy 
of access, so that unless an efficient and economical form of trans- 
port is put into operation the whole enterprise is likely to fail. 
Excluding transport by water in exceptional cases, the solutions 
in connection with this important problem are: 


1 Light railways operated by animals, by mechanical 
traction, or by cable 
2 Aerial transport by ropeways. 


The second method, which should be regarded as offering the 
greater chance of success, is unfortunately not always given due 
consideration. Transport by road or by light railways in moun- 
tainous regions or hilly ground necessitates following a winding 
road or involves the carrying out of expensive earthworks such 
as cuttings and embankments. In some cases this work would 
be so expensive that the capital expenditure would not be justi- 
fied. 

On the other hand, transport by aerial ropeway is not adversely 
influenced by the contour of the ground, nor does it involve ex- 
pensive works, and the cost of the plant and the working expenses 
are relatively low. 

In the case of the ropeway erected in Cyprus for the Cyprus 
Asbestos Company, Ltd., the cost of transport is proved to be so 
low that it could never have been reached by any other means. 
The mines of the Cyprus Asbestos Company are situated in the 
Island of Cyprus at Amiandos, having an elevation of about 4500 
ft. The nearest port is Limassol, a distance in a straight line of 
about 18'/, miles, as compared with the narrow, winding road 
about 37 miles in length. 

The cost of transport by road, whether by motor wagons or 
animal transport, was 20 to 25 shillings per ton from the mines to 
the port of Limassol, and apart from the high cost, this method of 
transport was bound to break down owing to local conditions if 
the transport of more than a few thousand tons of asbestos per 
annum was attempted. 

Unless, therefore, the problem of transport was successfully 
solved by the time the production of fiber reached substantial 
proportions, the business was certain to get into difficulties, for 
the following reasons: 


1 The production would be limited to the average tonnage 
transportable by road, and therefore quarry and milling 
operations would be limited accordingly 

2 It would be difficult to keep up with deliveries of asbestos 
contracted for and would cause inconvenience to cus- 
tomers 

3 High cost of transport by road, apart from the other un- 
favorable factors. 


The aerial ropeway referred to was erected by the firm of 


1 Mechanical Engineer, University of Milan. 

Contributed by the Materials Handling Division and presented 
at the Rochester Meeting, Rochester, N. Y., May 13 to 16, 1929, of 
Tue AMERICAN SocieTy OF MECHANICAL ENGINEERS. 

Nore: Statements and opinions advanced in papers are to be under- 
rea as individual expressions of their authors, and not those of the 

ciety. 


Ceretti & Tanfani, of Milan, Italy, and the work was begun in 
October, 1922, and finished in July, 1924. 


DESCRIPTION OF PLANT 


The ropeway is of the three-cable type and has the following 
characteristics: 


Horizontal length, about 96,000 ft. 

Maximum span between trestles, about 4150 ft. 

Down load, asbestos in bags of 100 lb., empty oil barrels, ete. 

Up load, fuel oil in barrels, cement, sand, gypsum, lime, flour, 
food supplies 

Quantity transportable per hour, down, 12 tons; up, 3 tons 

Capacity of each carrier on down journey, 600 lb. (6 bags of 
asbestos) 

Gage of the line, 8 ft., 1/4 in. 

Number of stations (one terminal driving station, one tension 
station, and two intermediate stations, one of which is a 
double driving station and the other is a double tension 
station), 4 

Intermediate devices for anchorage and tension, 8 

Intermediate trestles for supporting the ropes, 115 

Intermediate multiple trestles installed on highest points on the 
line, 8 

Protecting bridges over main road, 2 

Carriers on the line, 262 

Speed of the line, 9 ft. per sec. 


Fig. 1 Loaprnc TerMINAL AT AMIANDOS 


The load-supporting ropes, or track cables, are of spiral con- 
struction, with 34 mm. diameter for the down-line and 22 mm. for 
the up-line. The line is divided into nine sections, there being 
intermediate structures for anchorage and tension purposes. 
In each section the wire ropes are anchored at the upper end and 
are held in tension at the lower end by concrete counterweights 
weighing about one-fifth of the breaking strength of the rope. 

The hauling or traction ropes are composed of 42 wires with a 
hemp core, their diameter being °/\5 in. There are three endless 
sections of the hauling ropes, each being driven separately, the 
tension being automatically regulated. 

The stations, trestles, multiple trestles, and tension devices are 
made of steel secured to concrete foundation blocks by strong 
bolts. 

Each carrier, with a platform, is fitted with the “Ideal” appa- 
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ratus for gripping the hauling rope, and has a tarpaulin cover to 
protect the bags of asbestos in rainy weather. 

The carriers, on arriving at a terminus, are switched by hand 
from the descending to the ascending line and vice versa, the 
stations being fitted with overhead rails for this purpose. 

At the ropeway terminal at Amiandos there is a switch line of 
overhead rails running the length of the company’s finishing mill. 
The bags of fiber, as soon as they are filled, are sewed up and 
placed on the carriers, and the fiber is on its way to Limassol wit hin 
a few minutes of its production. 

At the Limassol terminal the asbestos is received in a large 
warehouse, from whence it is dispatched from time to time for 
shipment overseas. 

The weight of the machinery and steel construction amounts to 
about 1280 tons. About 800 cu. yd. of earth and 4500 cu. yd. of 
rock were excavated during construction, and about 2900 cu. yd. 
of concrete was used. 

The net cost of the plant amounted to £42,500, or about £2320 
per mile. 


Fig. 2 INTERMEDIATE STATION AT SPITALLI 


On the basis of the foregoing cost and writing off the whole 
plant in ten years, the following figures are given: 


(a) Annual amount required for amortization of 
capital cost in 10 years at 6 per cent, i.e., 


(6) Annual interest on capital £42,500 x 0.06... 2,550 
(c) Maintenance including spare parts and lubri- 
(dq) Running costs—power, £1140; staff and 


The actual capacity of the ropeway per year of 300 working 
days of 8 hours a day being 36,000 tons, the cost per ton works out 
at 6 shillings, 9 pence, or about one-third of the cost of road trans- 
port. 

As the working cost includes £5780 for amortization of capital 
and interest on capital during the first ten years, and as at the 
end of ten years these items will no longer have to be provided for, 
although the ropeway should be still in perfect running condition, 
this amount will be saved in the eleventh year and reduce the 
cost of transport to nearly one-half, or about 3 shillings, 6 pence 
per ton. 

The figures should, however, in course of time come out even 
more favorably than those given, as the Cyprus Asbestos Com- 
pany finds no difficulty in running the ropeway 10 to 12 hours per 


day when required; and assuming that the goods are available 
for transport, the quantity of 50,000 tons could be transported 
annually. This increased quantity should not add appreciably 
to the total running expenditure, and the cost of transport may 
therefore in the future be reduced to 2 shillings, 6 pence per ton. 

It is of interest to note that not only is the asbestos transported 
from the mines to Limassol, but fuel oil, mine stores, flour, and 
food supplies for the population are brought up to the mine at the 
same time. 


Fic. 4 ANCHORAGE AND TENSION TRESTLE 


The saving in cost of transporting the fuel oil alone as compared 
with road transport is equivalent to 1 shilling, 6 pence per ton of 
asbestos produced, and if the saving in the cost of transporting 
the other goods on the up-line is also taken into account, one 
might almost say that the cost of asbestos transport should be 
reduced finally to nil. 

The fuel oil is required for the Diesel engines which generate the 
electric current driving the company’s mills and workshops and 
for town lighting. Calculations made show that it is cheaper, 
apart from the additional capital cost which would be involved, 
to bring the fuel oil to the mines for the central power station than 
to have the central power station at Limassol and transmit the 
electric power by high-tension cables to the mine. 

The foregoing article has been written from data supplied by 
F. C. Jenkins, Managing Director of the Cyprus Asbestos Com- 
pany, Ltd. 
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Materials-Handling Methods at Eastern Steel 
Castings Company 


By F. D. CAMPBELL,! NEWARK, N. J. 


the greatest factor in world development. Molding of 

metals is centuries old. But it is doubtful whether this 
industrial branch of metal employment has enjoyed its rightful 
share of advancement as compared with other industries. 

The coming of the automobile in this century brought in a new 
order of foundry practice. Repetition permitted an order and 
pace that dictated mechanicalizing of movement of product in 
its varying stages of process. 

Our enjoyment of domestic facilities and comforts through the 
medium of the motor car, house-heating plants, modern plumbing, 
electrical equipment, sewing machines, vacuum cleaners, and gas 
stoves, to mention but a few common commodities within the 
reach of the vast majority, brings strikingly to mind the great 
strides made in industrial mass production. In all these the 
foundryman has had his part. 

In those products made in great quantities, the foundry has 
kept a fair pace with other processes in production methods 
that have accomplished a great deal in lowered costs of manu- 
facture. 

Not the least of the problems of this type of foundry have been 
those of handling the products in a manner other than by un- 
skilled labor. 

From the engineering viewpoint the arrangement of the so- 
called production foundry has a certain simplicity of form, and 
follows a certain similarity of plan, only varied by required quan- 
tities, modified to suit the class of product, and shaped to conform 
to the premises. 

The last decade has witnessed a vast development in this field 
in the uses of labor-saving machinery, chief of which is the me- 
chanical handling system, employing a variety of mechanical 
devices. 

The industrial requirement, however, for a tremendous variety 
of castings in comparatively small quantities, is the justification 
for the existence of thousands of foundries catering to this busi- 
ness. But this type of plant has not progressed in the same order 
as the production plant. Probably the chief reason is that they 
have not had the same benefit of engineering in the solution of 
their problems. These problems have appeared to the average 
foundryman to possess many intricacies, because of factors not 
present in production plants, and the more they were pondered, 
the more perplexing they seemed. However, as a matter of fact, 
the fundamental principles of movement to bring finished castings 
to the point of delivery are much the same in the foundry making 
a diversified line as in the production plant. It is simply a 
question of suitable arrangement. 

As evidence of this statement the problems of production and 
low costs have been largely met in the arrangement and system 
employed in this company. The manufacture of electric steel 
castings of light section and in a wide variety of form and quan- 
tity probably involves more problems than in any other type of 
foundry, when the cleaning, repairing, annealing, and testing 
operations are considered, and it is believed that the results 
obtained warrant the claim that the majority of so-called jobbing 


() F all the ancient industrial arts, the use of metals has been 


P Chief Engineer, Eastern Steel Castings Company. Mem. 
.S.M.E. 
Presented at the First National Meeting of the A.S.M.E. Materials 


Handling Division, Philadelphia, Pa., April 23 to 24, 1928. 
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foundries in the country can profitably adopt similar methods. 

In this plant, the general product covered a range of size of 
small molds in flasks, small molds made in snap flasks, and 
heavier molds up to approximately 2000 lb., with a variety 
of sizes between. 

At the time the development work was begun on the systems 
about to be described, handling equipment consisted of the usual 
complement of overhead electric and hand cranes, electric hoists, 
electric and hand lift trucks. 

For the minimum possible movement with this equipment, 
molding sand heaps, prepared sand in boxes, flasks, bottom 
boards, and other materials were necessarily stored adjacent to 
operations, thus occupying valuable space and causing a great 
deal of congestion. Such storage naturally interfered with the 
movement of processed materials and created a general disorder. 

Space was required for aisleways for accessibility to manufac- 
turing operations by truck for prepared sand and movement of 
flasks and other materials. 

In the molding department, overhead handling resulted in 
lost time, hand carrying required much labor, molds had to be 
left stored anywhere on floors awaiting metal, and the metal had 
to find the molds, chiefly by hand shaking when not under 
crane ways. 

Molds were shaken out where poured, the castings collected 
from everywhere, and the sand heaps raked over by hand but still 
retaining the usual metal and other debris, and without possi- 
bility of uniform and proper conditioning. Capacity was natu- 
rally limited, due to occupation of floor area by machine materials, 
congested movement, slow laborious work on all operations, lack 
of order in procedure, and as tonnage increased supervision costs 
mounted in greater proportion. With the choke point quickly 
reached, other departments suffered from like conditions, and 
coordination in pace was impossible. With tonnage increase 
came a lengthened manufacturing cycle, ultimately reaching a 
point where capacity could not meet demand. Space required 
for and extent of semi-finished inventory of product accounted 
for considerable general cost. 

Hand labor was excesssive in connection with sand, mold 
making, pouring, shaking out, movement of castings, cleaning 
and inspection. 

In beginning the task of improving conditions the line of 
thought was to rearrange all manufacturing for sequential move- 
ment, obtain speed in progréss through all operations to suit de- 
mand by removal of all obstacles to this end, to reduce hand 
labor to the point where the work could not possibly or practically 
be done mechanically, to reduce supervision by a proper order in 
movement. 

To make a large variety of product required great flexibility in 
the general system but at the same time to regulate the lanes of 
travel in movement so that all product must proceed in a line or 
lines through various sections in a prescribed order to provide a 
line of flow that would set a pace and establish a certain content 
based on the tonnage being made. This principle established the 
manufacturing cycle and the semi-processed inventory in a more 
true proportion to tonnage. 

Other benefits are obtained, such as a method of inspection. 
In the line principle of movement all product must clear through 
the various inspection stations. Thus rejections in the earlier 
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stages of process can be made without further work or movement, 
and advantage in time on replacements is gained. Naturally, the 
molding department is the most important phase of the manu- 
facture of castings, so this part of the work furnishes the key, 
regulates the output, and all preceding and succeeding operations 
must be in tune with it. 

Space does not permit a recital of the changes required in opera- 
tions preceding molding. Suffice to say that they were mainly 
matters of system and certain procedure. Inasmuch as the move- 
ment of molding sand represents the greater weight in move- 
ment, and is a great unprofitable element when confined to floor 
area, it was necessary to remove it and handle it somewhere 
at the least inconvenience. All storage and conditioning of 
molding sand is effected outside the confines of the molding de- 
partment, leaving it without obstruction. This permitted a 
proper consolidation of the molding operations. 

All molding sand is fully conditioned before distribution to 
molders. It is carried overhead by belt conveyors around three 
sides of the molding sections, and by deflection is automatically 
unloaded to a uniform type of molder’s hopper, designed to be 
directly over the pattern plate on the molding machine, or other 
molding point. This constitutes an ever-ready supply of sand 
the instant it is required. When it is recalled that by hand meth- 
ods of handling molding sand, a molder was required to shovel 
from ten to thirty tons daily, it will be self-evident that the sand- 
handling equipment is a vital part of the cost-reducing system. 

The speed of distribution of sand throughout the molding de- 
partment is less than four minutes for the full capacity at an ex- 
penditure of about 15 kw. in power requirements. Overhead 
distribution of sand is profitable also, in that it utilizes the ceiling, 
so to speak, where no profit could be obtained from it otherwise, 
and the lift to the upper level is accomplished at a single point at 
extremely low cost when compared to the number of men and 
shovels that would otherwise be required to get it into flasks. 

This system also has the benefit of uniform control for quality 
and proper condition, with consequent reduction in defectives 
due otherwise to sand conditions. 

A single shakeout at the molding department outlet loads a 
belt conveyor which elevates to a special vibratory type of screen. 
The first stage of automatic tempering takes place on this con- 
veyor, likewise magnetic separation with a return of metal to a 
specific point below. Tailings from a shakeout sand screen pro- 
ceed outside to the dump via belt conveyor. 

Combination storage of old and new sand is served at outlet by 
belt conveyors and elevators to mills through which all sand must 
clear in continuous stream on the return trip to the molders. All 
belt conveyors are practically uniform in size and design for the 
benefit of maintenance and replacement. All lubrication is of 
the positive pressure type, and electric control is grouped or inter- 
locked for simplicity of operation and a safeguard for capacity and 
continuous load requirements. The arrangement of molding 
points follows the sand-distribution system. 

Molds are carried on roller conveyor systems. Small molds 
are hand loaded to the conveyors. Molds not machine made, 
are made on the conveyors. The larger molds in flasks are dis- 
charged directly to the conveyors, with selective entrance to the 
pouring line conveyors by means of turntables and in some cases 
special transfer mechanisms at junctions. This permits selective 
grouping for a variety of sizes and weights, and for required 
flexibility in handling the heats. 

For molding speed very little use is made of rods, gaggers, and 
bars, and in most cases none. This means that vibration in 
movement cannot be permitted. To accomplish this, a type of 
roller conveyor had to be designed to such accuracy that molds 
could be moved an unlimited distance without injury to sand 
structure, either in flasks or snaps. 


Special work in fabrication of frames was required. Bearings 
and tubing for rollers had to be selected with great care for ac- 
curacy of fit, and a practical development in machine work to ac- 
complish this was necessary. Another reason for special care 
in the design of roller conveyors for foundries is the ever-present 
sand which is the enemy of all mechanical devices. It is patent 
that a well-designed and constructed type of conveyor must de- 
pend upon its bearings for long life and continued accuracy to pre- 
vent vibration. To maintain this state of good condition, sand 
must not enter its bearings. Also continued maintenance of 
thousands of bearings is costly. 

For the purpose, a special type of sand-sealed bearing was 
adopted, that at installation is pressure-lubricated and then is 
not touched for a period of several years. Maintenance is then 
regulated to isolated cases of damage by metal. 

Uniformity is obtained by the use of a single type of frame, 
rollers, bearings, and shafts, and maintenance is inexpensive, 
easy, and simple. The arrangement of this system is sym- 
metrical, all parts being serviceable to the pouring system and 
entirely tributary to shakeout. 

The pouring system is entirely overhead and starts at a central- 
ized bull-ladle location, from whence distribution is effected by 
three circulatory loop monorail or double rail systems serving all 
molding departments. This method makes for high speed in 
pouring the heats. Here again, selectivity and flexibility are well 
developed. 

Many varieties of product may be made during the day's run. 
Some classes of work may require a great deal of metal for a 
comparatively few molds, and this condition may obtain for 
only a portion of the day. At other periods the exact reverse 
may be the case. 

This calls for either concentration or a thin spread of metal as 
the case may be. The ability to distribute metal at will to any 
portion of the general system and the flexibility of roller conveyor 
mold lines are largely effective in adaptation of material handling 
equipment to jobbing work. The movement of flasks is effected 
also by roller conveyors consisting of a distribution and storage 
system, whereby molding machines and other molding positions 
are served directly on return from shakeout or are routed via 
storage for rapid changes in sizes, all in a principle of circulatory 
movement whether changed or repeated. 

From the shakeout another roller conveyor system transports 
castings in steel containers. 

This system is known as the cleaning room system and serves 
all operations to the point where the product is ready for ship- 
ment. It is circulatory in principle, returning empty containers 
to shakeout. 

This is chiefly a transit system, wherein the lines pass all opera- 
tions in several lanes of travel, but in each lane the product is in 
sequence and must move in accordance with molding production. 

The movement in this department is by periodic advancement 
to suit the various operations. This system practically prescribes 
the extent of semi-finished inventory. If tonnage increases, the 
speed of progress through it must correspond. It is comparable 
to water in a pipe with only the variety of pressure and speed. 
Also there can be no strays or scattering of parts of orders and 
no production chasers are needed. 

The system is a regulator of schedules and, barring defectives, 
such schedules can be maintained or at least be so materially im- 
proved as to cut the cycle down from weeks to days. Another 
feature of the general system through molding and cleaning is the 
matter of supervision. As tonnage increases, supervision costs 
are affected in inverse proportion, whereas formerly the super- 
vision costs mounted in greater proportion with tonnage in- 
crease. 

The reason for this reversal of condition is that there is now 
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little need for delegation of work to the operators as the product 
naturally flows to them in correct order. Inspection stations in 
the lines, advantageously located, leave no uncertainty of product 
passing through without scrutiny of those intrusted with the 
responstbility for a first-class product being shipped. 

The cleaning-room system provides at its terminus for casting 
transit, a classification scheme for make up of orders direct from 
the system so that orders may be completed as fast as received. 

Illumination received a great deal of attention. Lights were 
so placed as to properly light the working areas without shadows. 
This applies to portions where direct lighting from windows was 
impossible. Most of the general system was arranged for window 
lighting at right-angles to the operator. 

Plant cleanliness came in as an important part of the scheme. 
A systematic continual clean up is the order. This condition, 
together with proper light, has contributed very much to general 
order. This is also part of the general safety plan, and a marked 
reduction in accidents has resulted through a systematic method 
of work, with mental and physical alertness of operators. Much 
better workmanship has also resulted and a smooth working 
plant is the net result. 

The general result of the development work as described is the 
transition of a conventional type of jobbing foundry to a sys- 
tematic manufacturing unit. 

A brief summary of results follows: 


Reduction in labor and supervision costs 
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Increased capacity 

Lower maintenance cost 

A more rapid turnover 

Reduced inventory 

Quicker deliveries 

Better workmanship 

Better working conditions 

Greater safety 

Simplicity of system in office work, records and direction. 


It is believed that the system described is one of the very early 
endeavors in completely mechanicalizing a foundry, the greater 
amount of its output being of a variety broad in character and 
size. It had for its inspiration other well-developed industries, 
but with such modifications in arrangement and mechanical detail 
to make it suitable for the manufacture of castings. 

To meet the requirements for such a system and type of equip- 
ment, the work had to progress through successive stages of de- 
velopment, each step dictating the direction of the next, and ex- 
tending over such a period of time as to require it being engineered 
entirely within the organization; likewise practically all the equip- 
ment was built and installed by the organization staff and crew, 
and it represents one of most complete systems of its kind for 
the particular type of business that it serves. 

Measured in terms of foundry output by conventional methods, 
the return for efforts in improved operation as outlined will be 
obvious to any foundryman. 
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Handling Marine Shipments of Pulpwood 


Improved Methods for Large Operations 


By DANIEL W. COE,! MONTREAL, P. Q., CANADA 


WING to the fact that many of the large paper manufac- 
() turers are now compelled to bring their supply of pulpwood 
from timber limits remote from their mills, water trans- 
portation is employed wherever possible as the freight charges are 
much lower than for rail transportation. Therefore marine ship- 
ments are rapidly increasing in volume and the industry is con- 
sequently looking about for improved methods which will speed 
up the operations and lower the cost for loading and unloading its 
cargoes of pulpwood. 
The scope of this paper is limited to a description of the meth- 
ods of loading and unloading marine cargoes of pulpwood, which 
are radical departures from the common practice hitherto em- 


ployed. 
LoapinG VEssELs WitH 4-F'r. PuLpwoop 


At Port Menier, Anticosti Island, there is in operation a system 
of loading vessels which is a radical departure from the common 
practice employed up to the year 1927. During the present season 
of 1928, there probably will be shipped from the single loading 
pier at Port Menier in the neighborhood of 400,000 tons, or 
about 180,000 cords of 4-ft. pulpwood with the bark on. 

A loading pier 55 ft. wide and 600 ft. long has been built to pro- 
vide berths for two pulpwood steamers on one side. On the 
opposite side and parallel with the pier is a pulpwood concentrat- 
ing basin having an area of 40 ft. in width, and the same length as 
the pier. As the ends of the basin are closed the area is thus re- 
stricted, and the pulpwood fed thereinto will be in concentrated 
form. 

In other words, there will be floated several layers of wood 
reaching a depth of about 4 ft. instead of the usual single layer 
of logs found in the ordinary boom or basin. (See Fig. 1.) 

The wood is fed into this concentrating basin direct from the 
slashers (which cut up the 12-ft. and 16-ft. logs) by means of a 
multiple chain distributing conveyor system equipped with a 
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movable plough for throwing off the logs at any point in the Jength 
of the basin. 

In the event that the concentrating basin is completely filled 
with logs to a depth of 4 ft. at a time when pulpwood is not being 
withdrawn therefrom for loading steamers, slashing is continued 
as the plough may be quickly raised, thus permitting the logs to 
pass to the end of the distributing conveyor where they are 
dumped off into the reserve storage boom for 4-ft. wood. This 
reserve boom is adjacent to the concentrating basin and, as re- 
quired, the logs are taken therefrom by jack ladders and again 
loaded on the multiple chain conveyor for distribution to the con- 
centrating basin. This arrangement insures a steady supply of 
wood for loading steamers in the event of temporary interruption 
of the slasher operation or shortage of 12-ft. and 16-ft. log supply 
to the slasher. 

On the steamer loading pier above described are two self-pro- 
pelled steam-operated hoisting towers, Fig. 2, with through-type 
booms and equipped with “pulpwood trappers” having a capacity 
of 1'/; cords for taking the 4-ft. wood from the concentrating basin 
and loading it into the holds of the steamers or on to their decks. 
The towers are similar to the familiar coal and ore unloading 
towers, but in place of the grab bucket a pulpwood trapper is pro- 
vided. This trapper, a rectangular caisson or box with an open 
bottom, is 8 ft. wide, 10 ft. long, and 16 ft. high. The lower por- 
tions of the longer perpendicular sides are hinged, and when the 
trapper is lowered in the open position into the concentrating 
basin, its own weight permits it to penetrate quickly the concen- 
trated logs until the hinged portions of the two longer sides are 
below the lowermost level of the logs. When these hinged por- 
tions or doors are then brought together with but little resistance 
it will be seen that the wood held in suspension by the water and 
enclosed by the sides of the box has been trapped. The trappers 
now ready to be hoisted, traversed along the tower boom, and its 
load lowered and delivered to either the hold or deck of the 
steamer for stowing. (See Fig. 3.) 

There are three lines of railroad tracks on the loading pier, two 
of them passing under the portaled towers and one running along- 
side the concentrating basin for the purpose of dumping therein 
any 4-ft. logs which may be brought to the pier on the railroad cars. 


é 
\ 
MH-51-4 
} 
of 
4G 
i 
fa = 
= 


18 TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


As stated, two steamers berth on one side of the pier, and as 
each tower has a capacity of up to 90 cords per hour the loading of 
the two steamers is carried on simultaneously, each tower serving 
one steamer. 

At present, an average of seven steamers, each of about 1400 
cords capacity (800 in the hold and 600 on deck) are engaged in 
transporting wood from Anticosti Island to Three Rivers, 420 
miles distant, and to Port Alfred, 275 miles distant. Each 
steamer has six hatches at least 12 ft. in width, and as the loading 
of the hold progresses the tower moves from hatch to hatch de- 
positing the pulpwood wherever desired for convenient handling 
by the stowers. 


Fic. Trapper DiscHarGinc PuLpwoop Into oF STEAMER 


The deck load of some 600 cords is loaded in a similar manner; 
the tower placing the wood in any desired position on the deck, 

The advantages of this system are: 

1 Maximum safety for stowers, there being no logs thrown or 
tossed about, a condition that frequently occurs when chuting 
wood into the steamer. 

2 Minimum fatigue for stowers, as wood is discharged at con- 
venient points and in thin layers thus facilitating the stowing 
operation. 

3 Greater stowing capacity per man. 

4 Elimination of damage to steamers caused by chuting logs 
from a considerable height. 

5 Simplicity of dock construction, loading equipment, etc., 
which permits the same dock to be used for various other purposes 
such as unloading or loading out other cargo. 


UNLOADING VESSELS WiTH 4-F'r. PULPpwoop 


The steamers at Anticosti Island, carrying about 1400 cords 
of pulpwood, discharge their cargoes at Port Alfred, Cap de la 
Madeleine, and at the Wayagamack dock. 

At Port Alfred and Cap de Ja Madeleine the unloading in- 
stallations are similar, and consist of two self-propelled elec- 
trically operated unloading towers operating on docks specially 
built for this purpose. (See Fig.4.) Each tower is provided with 
six light steel unloading skips of 1'/: cords capacity, as shown in 
Fig.5. Theskips, 6 ft. wide, by 7 ft. long, by 4 ft. high, are open 
at both ends for convenience in loading. Each tower handles six 
skips which when loaded are quickly and safely attached to the 
dumping frame at four points by means of large rings held in 
place by safety spring bolts. The skips when hoisted always re- 
main in a horizontal position, thereby preventing any possibility 
of the logs falling out and causing accidents. When the loaded 
skip is traversed along the boom trackway on the tower it remains 
in a horizontal position until it reaches the portion of the track- 


way at the back of the tower where the wood is automatically dis- 
charged. This is accomplished through the special arrangement 
of boom tracks which permits the front wheels of the trolley to 
drop down and the rear wheels to ascend, so that the trolley, the 
dumping frame, and the skip are quickly inclined to an angle of 
about 30 deg., thereby speedily and safely tipping the wood out 
into the storage pond at the back of the towers. 

The deck loads are rapidly unloaded, and when taking wood 
from the hold of the boat each unloading tower serves three 
hatches with two skips per hatch. The rate of discharge of course 
depends upon the man power in the boat, but with two towers 
operating steamers of 1400-cord capacity are unloaded in from 14 


Fie. 4 Two Unvoapinc Towers SHowina Automatic DuMPING 
DiscHarGinG Corps oF PuLpwoop INTo StoraGeE Basin 


Fie. 5 Avromatic DumpinG Skip ror UNLOADING PuULPwoop— 
Capacity 1!/, Corps 


to 19 hours, depending upon the number of men filling the 
skips. 
All operations of the tower are controlled by one man located in 
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MATERIALS HANDLING 


a convenient position where he has an uninterrupted view of the 
skips. 

The advantages of this system are: 

1 Maximum safety for the men filling the skips with pulp- 
wood. 

2 Minimum fatigue for the men. 

3 Greater unloading capacity per man. 

4 Lower cost for unloading because of discharging the boat 
within 24 hours dispatch allowed for this operation. 


INCREASING THE RATE OF LOADING AND UNLOADING 


It is the author’s observation that barked pulpwood is more 
easily handled than pulpwood with the bark on, and wherever 
possible it would seem desirable to bark the pulpwood before 
loading on to the steamers. Ina cargo of 1400 cords of unbarked 
wood there will be some 480 tons of bark, which in itself is an un- 
profitable cargo. Further, in every operation of handling un- 
barked pulpwood some of the bark falls off and must eventually be 
gotten out of the way. 

In the case of the systems described above it was observed that 
the handlings of unbarked wood caused difficulties and expense 
in connection with the following operations: 

1 On the multiple chain distributing conveyor, bark falling off 
the logs not infrequently clogs the movable plough and other 
mechanism, making it necessary constantly to remove the bark 
from the conveyor distributing mechanism. 

2 The pulpwood fed into the concentrating basin loses a por- 
tion of its bark, and as this sinks to the bottom and builds up, 
the time comes when the basin must be dredged so as to preserve 
the required depth of water. 

3 When the vessels arrive at their destination for unloading, 
the bark becomes a serious item of expense as it will be found that 
from 35 to 40 tons of loose bark will be left on the steamer when 
the 1400 cords are unloaded. This bark materially slows down 
the unloading operation, and the 35 to 40 tons of bark are handled 
over a number of times in discharging the cargo. This is espe- 
cially noticeable when unloading the holds of the vessels as the 
loose bark builds up to such a depth that it must be forked to one 
side to permit the men in the boat to pick up the logs when loading 
the skips. Consequently this accumulation of bark is handled 
many times before the bottom layer of wood in the boat is 
reached. 

4 After all the wood has been unloaded from the boat it be- 
comes necessary to remove the 35 to 40 tons of saturated bark, 
and this alone is responsible for at least one to two hour's delay. 

Taking into consideration the expense of cleaning away and 
getting rid of the bark in the operations described, it would appear 
advisable to bark the wood before shipment wherever possible. 


Discussion 


W.S. Huson.? What I say may have no direct bearing on the 
question of handling pulpwood; however, a thought occurs to me 
in looking at the pictures. I wonder, inasmuch as I am interested 
in printing and related machinery, whether we really have a 
grasp of the magnitude of the pulpwood industry. On looking 
up data for the annual progress report of the Printing Industries 
Division, I was astonished at the quantity of paper now used in 
America, and I really feel I failed to realize the fullness of what 
it meant until I saw these pictures. Of course, we are all in- 
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terested in materials handling. It is everywhere. When we 
consider that we are consuming about 10,000,000 tons of paper 
per annum, it takes a great amount of pulpwood to meet the 
demand. Of this, 4,000,000 tons are for newspapers. It is 
needless to speak to any extent on the current newspaper. We 
all know to what size the metropolitan issues, for instance, 
are growing. My thought is that the subject of the paper and 
the pictures go to show how materials in some industries that 
perhaps do not appeal to us the same as others must be handled 
expeditiously in order that the product may get into final form 
and get there quickly, for after all there is nothing that requires 
more expedition than the production of our daily newspapers. 


A. W. Benoit.’ I should like to ask whether handling the 
pulpwood by this method helps materially in the barking process. 
In other words, is not there a great deal of it barked before it is 
loaded on shipboard? How many months of the year are they 
able to operate at Anticosti Island? 


AvuTHOR’s CLOSURE 


It is my contention that pulpwood, when being handled in 
such quantities, should be barked before it is put aboard the 
steamer, for the reason that in a boatload of 1400 cords of un- 
barked wood there are some 480 tons of bark. If the bark were 
removed, about 225 more cords of wood could be stowed. Freight 
must be paid on bark, which is a waste, at the same rate as on 
pulpwood. The bark must eventually be removed, so why not 
get it off beforehand? From Anticosti Island to Three Rivers 
the freight rate is some $3 per cord, so over $600 is paid for 
freight on bark which must eventually be removed, and a study 
of the situation clearly indicates that it would be cheaper to 
bark the wood before it is loaded into the boat. Wood with its 
bark off is much easier to stow and handle, and of course weighs 
much less. In addition, the bark which falls off in transit clogs 
up the machinery, and when stowing and unloading it is diffi- 
cult and expensive to dispose of this loose bark. I feel that in 
the manufacture of newsprint up to the present time, the engi- 
neering study had been mostly devoted to the machinery used 
after the pulpwood has been reclaimed from the mill storage 
yard, but not much thought has been put on the handling of the 
wood itself. 

This system for unloading is a more economical method than 
has yet been devised. The cost per cord is less than 25 cents. 
The laborers are paid 25 cents per cord for loading the skips; 
i.e., they are paid by piecework, and yet it costs the company 
unloading the boat only 17 cents. In other words, the com- 
pany contracts with the stevedore to unload its boats for 25 
cents per cord, but as the company earns a steamer dispatch 
premium of about 8 cents per cord, the net unloading cost is 17 
cents. 

They can safely figure on 100° working days in the year. 
The season opens late on account of the ice and closes early on 
account of the high winds and the danger of coming up the St. 
Lawrence in severe gales which will not permit carrying heavy 
deckloads. 

I am told that the plan for cutting on the island, which is 
about 140 miles long and 40 miles wide, is such that the natural 
reforestation will take care of the depletion by cutting. Assum- 
ing that pulpwood is cut from a heavy stand of timber of this 
length and at the annual capacity contemplated, reforestation 
would permit them to cut indefinitely. 


3 Associate, Chas. T. Main, Inc., Boston, Mass. Mem. A.S.M.E. 
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Bending Stresses in Wire Rope 


By C. D. MEALS,! CHICAGO, ILL. 


HE effect of bending stresses on the life of wire rope is one 
of the most annoying and puzzling factors among rope 
problems. Concerning it there is great variance of opinion 
among engineers and rope manufacturers. The problem prob- 
ably is not capable of absolute, accurate solution because bending 
stresses are not subject to exact mathematical treatment, since it 
is impossible to eliminate the variables which greatly influence 
the problem; nevertheless, certain studies and tests recently 
completed indicate that the bending-stress factors can be ascer- 
tained to the point where they are of practical value. 
No discussion of bending stresses can be undertaken without 
first establishing the important variables, which are: 


1 Wire Sizes. These are dependent upon the construction and 
length lays of strand and rope. Usually only one combination of 
wire sizes will make up an efficient operating rope, and even slightly 
increasing some of these sizes causes a “‘high-bound” strand; and this 
condition materially increases the bending stresses in the rope due to 
the restriction of the individual wire movement when the rope is 
operated over sheaves. 

2 Core Condition. Generally of manila, the core performs several 
functions in a wire rope: (a) It is a cushion in which the strands 
are embedded; if not of uniform size and quality, it will crush out 
of shape and permit the nicking of adjacent strands and the re- 
tardation of individual strand movement when the rope operates 
over sheaves, leading to indeterminate bending stresses in the rope. 
(b) It serves as a reservoir for a suitable lubricant for the interior 
of the rope and as a preservative as well. A dry manila center will 
quickly deteriorate by ‘“‘weathering out,’’ will cut quickly, and will 
thus cause the collapse of the rope structure, resulting in the nicking 
of adjacent strands. 

3 Length of Rope and Strand Lays. Any change in the rope lay 
will affect its flexibility; a 1 in. diameter 6 X 19 rope of 6-in. lay 
is more flexible than a similar rope of 7'/:-in. lay, and the bending 
stresses in these ropes operating over the same sheaves will be pro- 
portionate to their stiffness. 

4. Construction. The forms of construction are: (a) Regular or 
Lang lay; (b) one-operation or cross-laid stranding. 

(a) The bending stress in a wire of a rope is greater the farther 
the wire is from the axis of the rope and the nearer it runs parallel 
to the axis of the rope. In a regular-lay rope this combination of 
unfavorable conditions exists; in a Lang-lay rope it does not exist 
because where the wires lie parallel to the axis of the rope, they are 
nearest the axis of the rope and embed in the manila core. This 
explains why a Lang-lay rope will withstand bending better than a 
regular-lay rope of the same lay and construction and why the 
bending stresses in a Lang-lay rope may be taken as SO per cent of 
those of a regular-lay rope. 

(6) A rope made up of one-operation strands, in which each wire 
is in contact with the same adjacent wires for its entire length, offer- 
ing a minimum retardation of movement of the wires when the 
rope is operating over sheaves, will be subject to less bending stress 
than a rope having two-operation or cross-laid strand construction, 
since internal friction is caused by the crossing of the wires in strands 
so constructed. The geometric arrangement of the wires will also 
affect the bending stresses. Consider the 6 XX 19 Seale and the 
6) X 25 Seale: each has nine outer wires in each strand, yet the former 
is stiffer and must offer greater resistance to bending. 

5 Gross Metallic Area of Cross-Section. Every theoretical dis- 
cussion of the bending stresses in a wire rope has the metallic area of 
the ‘rope as one of its functions, yet the preceding paragraph (4)) 
shows that even the metallic area function is not strictly correct, as 
there may be very little difference in the metallic areas of two ropes 
having the same size outer wires in the strands, and yet by changes 
in the inner wires the rope may be made much more flexible. 

6 State and Kind of Lubrication. Lubrication of a rope accom- 
plishes several important functions: (a) It retards deterioration of the 
manila core; (») retards corrosion of the wires; (c) decreases external 
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wear; and (d) reduces internal friction in the structure of the rope— 
a factor of vital interest, as a dry rope leads to greatly increased bend- 
ing stresses. Differing conditions of rope service require varying 
lubricants, and the smaller the sheaves or the heavier the tension on 
the rope the more frequently should the rope be lubricated; these 
conditions tend to squeeze the lubricant out of the rope, and few other 
factors have more bearing on bending stresses than that of the 
state and kind of lubrication. 

7 Equipment. The variation in equipment lies in: (a) Design, 
size, and arrangement of sheaves and material of which made; 
(b) condition; whether worn. 

In the case of (a), sheaves that are too small in tread diameter for 
the construction and diameter of rope used and which are so ar- 
ranged as to subject the rope to reverse bends will greatly influence 
the bending life of the rope and necessarily enter into any study of 
bending stresses. 

Considering (), if the grooves of the sheaves are worn undersize, 
the groove will be tight for a new rope. When a wire rope is operated 
in a tight or pinching groove, it is wedged in so that unrestricted wire 
and strand movement, so necessary to offer least resistance to bend- 
ing, is prevented; and consequently the rope is subjected to greatly 
increased bending stresses, which causes premature breaking of the 
wires. A corrugated groove is equally detrimental to satisfactory 
rope service. 


In an effort to establish the importance of these variables to 
rope life, some practical field tests have been concluded (relative to 
variable 7b) from which service records on several sizes of rope were 
established when used with such equipment as revolving shovels 
and clamshell unloaders. These records show that where the 
sheaves were grooved at least '/:. in. larger than the rope diam- 
eter, the life of the rope was from three to four times as long as 
when the sheaves were grooved slightly smaller than the rope 
diameter. These field tests have been verified by exhaustive shop 
tests. 

Regarding variable 7(a), it has been found that rope service is 
not directly proportional to the tread diameter of sheaves or drums. 
When a rope is bent over a sheave, there is an adjustment between 
strands. It is noticeable on small bends that adjacent strands 
slide relatively to each other. It is also evident to any who have 
handled rope that there is a minimum diameter of bend where the 
strands cannot slide further and where strand motion is restricted. 
This is called the ‘‘critical diameter” of the sheave or drum. It 
applies to operating ropes and not to a fixed or permanent bend 
such as an end eye, or loop splice, or clip attachment. 

When a rope is used on equipment having sheaves with tread 
diameters at or near the “critical diameters,”’ the service drops off 
alarmingly. It is therefore highly advisable to set an ‘“‘econom- 
ical minimum” tread diameter for operating ropes. “By this it is 
net meant that for any and all kinds of service these sizes of 
sheaves would be recommended; this only indicates the smallest 
sizes that should be used where economy is desired. It has been 
found that by increasing the tread diameter from the ‘“‘critical’’ 
to the “economical” size the rope service has increased from five 
to ten times, depending upon the speed and upon the presence or 
absence of reverse bends with sheaves relatively close together. 

In another test, illustrating variable 6, all lubricant was omitted 
from a rope, and even though the rope was used on properly 
grooved sheaves it gave only 40 per cent service as compared with 
rope from the same reel that was well lubricated. That seems to 
indicate the necessity of lubrication. The proper kind of lubrica- 
tion also should be considered. 

The variable pertaining to construction is a vital one. Tests 
have shown that with a change in the type of construction as in- 
dicated in 4(b) a variation of 100 per cent is encountered. If the 
wire sizes are kept the same, but the lay of rope is changed, an- 
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other variation from variable 3 will be found, depending upon the 
degree of the change. 

All of these statements pertaining to variables have been proved. 
Since this is so, and since all manufacturers do not maintain the 
same exact standards for all of the first six of the variables men- 
tioned, it seems impossible to prepare a table or formula of bend- 
ing stresses that would be conclusively accurate. 

Nevertheless, there is practicability in a formula or table that 
will show the comparison of “bending stresses’’ in various ropes 
of any one make under certain existing conditions. In that man- 
ner it would be possible to prepare a table showing bending 
stresses in the wires of various types of rope operating over various 
sizes of sheaves, but still there would be no degree of certainty 
that the stresses given are actual stresses. 

The engineers of the American Cable Company have concluded 
that those ropes made of certain lays and wire sizes (assuming a 
definitely comparable state of lubrication and condition of sheave 
grooves) have values that are relations of stresses rather than 
actual stresses. 

When a formula based on that hypothesis is used, giving prac- 
tical service comparisons, it will have real value so long as the 
core condition, the quality and kind of lubrication, and the con- 
dition of equipment are maintained constant. On that basis the 
assumed bending-stress factors may be expressed, as in Table 1. 
These factors when divided by the pitch diameter of the sheave 
or drum in inches will give the so-termed bending stress in pounds, 
assuming that the sheaves are at least as large as or larger than 
the “economical minimum” sizes listed in the table. 


By “ordinary regular lay” and “Tru-Lay preformed regular 
lay” the difference is signified between ordinary wire rope. the 
component parts of which are twisted together by force and the 
preformed type of rope in which each wire and each strand are 
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preformed to the shape it will take when assembled ina rope. By 
preforming the wires, then preforming the strands, the component 
parts of a wire rope are merely assembled, rather than twisted 
together. This “‘assembly’’ of the component parts almost com- 


TABLE 1 STEEL ROPES—BENDING STRESS FACTOR IN 1000-LB. UNITS 


Dia. 6x19 8x19 8x19 
Rope Seale Warrington Seale 
a 32.8 22.6 19.9 ney 12.9 13.0 
ye 52.0 37.4 27.7 ney 16.0 16.9 
we 75.2 55.7 47.3 44.2 28.4 23.6 
4 103.8 76.4 69.3 59.1 37.6 39.1 
. 4 109.7 91.4 77.2 48.5 50.9 
a” 243.5 172.1 159.9 142.8 93.7 92.1 
Kk 418.7 303.7 265.0 239.0 138.6 156.4 
oa 583.2 413.1 377.0 343.0 224.1 229.0 
14* 622.2 516.8 484.3 325.9 314.5 
1%" 1192 835.2 2 660.0 386.7 1 
" 1536. 1169.0 893.3 879.0 530.1 578.1 
14° 1 1355. 1236. 1137, 714.0 856.6 
14" 1800. 1655. 1424. as 
1K 25 2191. 
2943, 2670. 
24° 3536. 3231. 
2%" 4253. 3708. 
2% 6919. 
minimum” dia. 28D 24D 22D 16D 20D 
“Critical” dia. 28D 20D 16D 16D 14D 14D #30 


The above sheave diameters are expressed in térms of the diameter of the rope “D” 


In arriving at the factors determining the table, ordinary regu- 
lar-lay rope was used as the basis of figuring. Departing from 
the use of ordinary lay as a basis, field and experimental tests 
disclose that the ‘bending stresses’ in preformed wire rope are 
evidently materially reduced inasmuch as Tru-Lay preformed 
regular lay shows a fatigue service result, illustrated in Fig. 1, 
that is approximately 63 per cent greater than ordinary regular 
lay, while the Tru-Lay Lang lay shows a service result approxi- 
mately 113 per cent greater than the duplicated construction of 
ordinary regular lay. 


pletely eliminates internal or torsional stresses (see Fig. 2); and 
it is this absence of stress that gives the preformed wire rope an 
opportunity to overcome the detrimental effect of bending stresses 
and to give greatly increased efficiency over ordinary rope. 

Fig. 1 plots by means of curves the results of the service tests 
on ordinary regular lay, Tru-Lay regular lay, and Tru-Lay Lang 
lay, under identical construction and testing conditions. The ad- 
ditional wear and tear imposed on wire rope through unbalanced 
and torsional stresses in wire is in excess of the actual percentage 
of stress increase, as illustrated in Fig. 2. 
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The situation is somewhat similar to that encountered in auto- 
mobile racing. With a car traveling at 60 miles an hour, it 
might run 15,000 to 20,000 miles without developing any trouble, 
but increasing the speed to 70 miles an hour would entirely change 
the condition. The same thing is true of wire rope in many cases, 
because wire rope is operated very close to the limit of its capacity. 
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Fie. 2) CHART OF STRESSES 


This is particularly true where additional bending stresses are 
introduced through small-sized sheaves or where the rope opera- 
tion calls for a reverse bend. The inverse of the proposition also 
is true; that is, the reduction of internal stresses by removing 
balanced and torsional stresses from wire rope results in a service 
increase in excess of the proportionate stress reduction. 

The matter of unbalanced and torsional stresses becomes even 
more important with Lang lay wire rope. Because both the 
strands and the rope are twisted in the same direction, this type of 
rope has greater internal stresses when it is made by the original 
method of manufacture. In fact, these internal stresses are so 
great that little or no improvement will be found where conditions 
developing heavy bending stresses are present. Some method of 
removing these stresses such as that developed in Tru-lay pre- 
formed wire rope is therefore essential if the added advantage of 
the inherent wearing characteristics prevalent in Lang lay are to 
be secured. 

From these service tests it seems obvious that there are stresses 
other than bending stresses set up in the ordinary rope. The 
tests all show that the degree of fatigue of the material in the wires 
is proportionate to the total wire stresses. 

The conclusion, then, is that these other indeterminate stresses, 
such as torsional, shearing, and unbalanced wire stresses, also 
influence the determination of “bending stress.” The co-called 
total stress in the wires should be kept below the elastic limit of 
the wire strength in order to obtain reasonable service from wire 
rope. All of the bending stress factors, though based somewhat 
on theory, have been found under known conditions to give prac- 
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tical results for ordinary rope, including as they do the three 
indeterminate stresses. Fig. 2, based on assumed internal wire 
stresses, illustrates the relation between fatigue and service. 

In view of the greater resistance to bending stress that Tru-Lay 
preformed wire rope has no smaller sheave sizes than the ‘“‘eco- 
nomical minimum” should be used for such preformed rope, be- 
cause such sheave sizes are very near the diameter where con- 
structional restrictions to bending rope begin to make themselves 
felt, and that is a condition which is absolutely beyond the field 
of mathematics to treat. 

Fig. 3, entitled ““Comparative Service Chart for Varying Sheave 
Diameters,’’ assumes the service of a 6 X 19 rope on a sheave of 
“critical tread diameter” as unity. By increasing this critical 
diameter (16d) by 50 per cent (to 24d), the service was found to 
be approximately 500 per cent greater than that for 16d sized 
sheaves. By then increasing the 24d size by 50 per cent, to 36d 
tread diameter, the service was only 70 per cent greater than for 
the 24d size sheaves. 
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Fie. 3) Service CHart ror VARYING SHEAVE DIAMETERS 


This indicates that bending stresses do not vary in direct ratio 
of sheave diameters, as usually assumed in most bending stress, 
formulas and as indicated by the straight broken line on the chart 
but vary more in the ratio indicated by the curved solid line. 
Some of the other variables listed in paragraph 2 can also be 
similarly studied to show that actual conditions do not agree with 
most of the theoretical formulas; hence the statement that the 
bending stresses are not subject to exact mathematical solution, 
because too many assumptions must be made. 
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The Materials-Handling Problem in the 
Public Utility 


A Definite Attempt to Summarize the Problem in General Terms, With Specific Reference 
to the Central-Station Industry 
By JOHN C. SOMERS,! NEW YORK, N. Y. 


r I NHE public utility in general and the central station in 
particular furnish a necessary service to three groups: 
the public, the stockholder or owner, and the employer, 

all of whom are becoming more and more closely and intimately 

interested in their growth and prosperity. 
This service necessitates three important physical qualities, 
namely, 


Capacity 
Availability 
Continuity, 


or briefly, to furnish light, heat, and power when and where re- 
quired without any interruption. 

In the execution of these functions the materials-handling* 
equipment is important. From the installation of the service 
connection for light and power to the operation of the power 
station and back into the repair shops and the construction 
organization, its presence is an absolute necessity. It must be 
adequate, always available, and, in a large number of cases, in 
continuous operation. 

From a financial standpoint, the investment in materials- 
handling equipment will vary from 4 to 25 per cent of the original 
cost of the total plant. This can be best seen from the following 
table: 


Cost of 
Total cost, materials- Per cent 
excluding handling of 
Installation O.H.S. equipment total 
Steam station, stoker-feed 
$24,384,000 $1,270,000 §.2 
Hydro station............. 15,966,000 325,000 2.0 
Repeis .... 780,000 104,000 13.2 
Steam station, pulverized- 
Construction equipment. ... 37,000 9,000 25.2 


Where an investment of approximately two million dollars is 
made for one specific class of equipment out of a total of forty-five 
million dollars, there are obviously a number of significant en- 
gineering problems which are worthy of mentioning, at least in a 
general way. 


ENGINEERING ORGANIZATION 


Generally, the mechanical engineer functions through a de- 
partment or division of the organization which is definitely in- 
dependent of the operating department or division. It can be 
said that he selects and instals the equipment, with of course the 
approval of the operating man, and that the operating depart- 
ment operates this equipment. 

This has the advantage of specialization, in that the engineer 
has a good opportunity of studying the functions and use of 
equipment with relation to the whole operating mechanism, and 


1 Production Engineer, Assoc-Mem. A.S.M.E. 

Contributed by the Materials Handling Division and presented 
at the Annual Meeting, New York, December 3 to 7, 1928, of THE 
AMERICAN SocreTy OF MECHANICAL ENGINEERS. 
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simultaneously of considering equipment outside of the organi- 
zation. It is essential that installations be made only after the 
suggestions and approvals of the operating men are secured and 
acted upon. 


METHODS OF PROCEDURE 


In general, a layout and selection of equipment is made for a 
new installation, to replace worn-out or obsolete equipment, or to 
improve existing equipment. 

In all cases a definite study should be made, usually confined to 
a brief space of time, from which recommendations are an obvious 
result. Herein lies the fundamental difficulty of selecting and 
proposing a proper design. The executive, whose decision is 
final, should be given the facts in a very condensed form. The 
study or report should not be thrown abruptly into his lap, leaving 
to him in addition to decision making, the necessity of much 
further study. It is always necessary for the engineer to come 
fully armed and propose a clean-cut recommendation, with sup- 
porting economic comparisons, giving investment and operating- 
cost statements and the anticipated results, with particular ref- 
erence to the features of service. Proposals to be acceptable 
must be justified. 


FuNcTION AND USEs oF EQUIPMENT 


To the engineer, the most significant consideration in the selec- 
tion and layout of equipment is a definite knowledge of the func- 
tion to be performed. Taking, say, coal handling from car to stor- 
age and from storage to bunker or hopper, there are certain 
definite functions which must be performed, otherwise the equip- 
ment may be partly useless. These can be easily recognized 
beforehand, thus making possible an adequate solution. 

In connection with the function of equipment, the secondary 
purposes are easily confused with the primary ones. Indeed, it 
frequently occurs that some impossible problem is looked upon as 
the primary function of equipment being considered. To illus- 
trate, the proposal to use an electric truck in a repair shop should 
not be thrown out because of inadequacy, due to to poor layout, 
etc., for other purposes. - In other words, new materials-handling 
equipment cannot be considered a panacea for all ills, for there are 
always difficulties which cannot be eliminated by introducing such 
equipment. 

Recent years have demonstrated the necessity of the engineer’s 
being fully acquainted with the trend in design of equipment. 
The most outstanding cases are of the construction and repair 
of equipment for large production units, such as turbines and 
generators, where mammoth weights and small clearances have 
specialized the problem of control; also those in small handling 
equipment. 

However, even though the trend may change, the factor of 
obsolescence is not so important. This means that the standards 
used in the manufacturing plant do not apply to such an extent 
in the utility. The question is not of paying for equipment in a 
definite time, but of making a permanent installation to give 
adequate service and to provide for reasonable future growth in a 
manner that will be consistent with the development of the art. 
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One restriction on the foregoing is the consideration of load 
factor, or percentage of full capacity used for the full operating 
period, and using this expression with reference only to the spe- 
cific equipment. If the load factor will be 100 per cent it is not 
necessarily advisable to utilize similar equipment to that em- 
ployed in an identical case where the factor is, say, 50 per cent. 
The former may warrant a much more expensive installation. 
This consideration also applies to the question of efficiency. 
The selection of a spur-gear chain block in preference to, say, a 
differential chain block is a case in point. The differential hoist 
may be more economical since the load factor is low and the 
efficiency is not important. 

There are certain basic laws which are fairly well recognized 
by the utility engineer. Selection of equipment is of primary 
importance with definite attention to requirements of type, size, 
kind, etc. After selection comes the detailed problem of layout 
or design. The necessity of adjusting the equipment to local 
conditions is essential. Subsequent difficulties of operation are 
not always blamable on the manufacturer, and there are many 
other considerations which are applicable here.” 


ConDITIONS OF INSTALLATION 


Best results are obtainable in a new installation or new building 
where the structure is built up from a definite layout of equip- 
ment and machinery, thus insuring economical operation. 

The proper arrangements of structures are essential. The 
necessity of placing doors and other openings at points of great- 
est value; the reinforcing of structures where required; the 
use of proper construction materials as, for example, in runways; 
these are essential and need thorough study. 

Frequently the possibility of future developments is overlooked. 
Increased capacity, increased serviceability, and new develop- 
ments may make existing apparatus entirely inadequate. Hence 
if these are anticipated, economical overall results can be realized. 

Where provisions for the future are thus made, a comparison 
of costs should be used. Present production should not bear an 
undue cost burden because of overcapacity, imperfect layouts, 
etc., which are made to take care of growth or future changes. 

In the old structure the conditions of the new installation are 
reversed. Here machinery and equipment are already installed. 
Space is already allocated; clearances are unchangeable; 
openings in the structure are improperly located. Hence, the 
handling equipment must be fitted into the existing layout, with 
changes to the latter invariably unwarranted or impossible. 

Generally the problem at best is somewhat difficult. Special 
types of equipment must be introduced—for example, the low- 
head hoist, the submerged trolley; elimination of excessive weight 
is usually important; simple lines are good; balance must be at- 
tained. At the same time, excessive cost must be avoided by 
definitely determining an arbitrary maximum investment. 


ConpITIONS OF USE 


Whether equipment is for continuous operation on production, 
semi-continuous operation on production, or is definitely used on 
operations that are secondary to regular production, has a defi- 
nite bearing on the selection, design, and utilization of such 
equipment. 

Continuous use on production justifies a higher investment than 
otherwise, for such heavy duty and the necessity of permanence 
are equally significant. The overhead-runway crane can be taken 
as an illustration. The equipment may be first used for supply- 
ing coal to one battery of boilers, but will eventually serve a 


See ‘“‘How to Determine Materials-Handling Equipment,” by 
George E. Hagemann, presented at the National Meeting of the 
A.S.M.E. Management Division, Rochester, N. Y., October 26 and 
27, 1927. 


number of batteries. Under the circumstances, forecasting the 
future capacity and the permanence of features is essential. 

Further, capacity and maintenance without interruption dur- 
ing the operation cycle have a significant connection. These 
items must be judged by the financial and local expectations. 

Where equipment is for part-time operation on production 
there are usually a variety of features that are peculiar to the 
individual installation. Generally such installations necessitate 
heavy-duty equipment, with reliable motors, hoisting mechanisms, 
etc., due to heavy intermittent duty. 

Occasionally such installations require unusual accessory 
equipment, as, for example, where equipment performs an opera- 
tion at special cycles. Definite ingenuity must be exercised to 
provide for requirements in eliminating weak links and provid- 
ing for permanency. 

In the case of equipment to be used for secondary operation 
there are, in the utility, four major divisions; namely, 


1 Materials and Supplies, 
2 Construction, 

3 Maintenance, and 

4 General Shop Work. 


In the handling of materials and supplies the solutions of 
problems are fairly well standardized. Generally a good know- 
ledge of special methods used elsewhere is necessary. The use 
of the electric hoist in the storeroom is illustrative; its versatility 
in the loading of steel pipe, bars, castings, etc., is none the less 
compensated for by its economy of operation. Tractor- 
mounted cranes are also very serviceable. Equipment for stores 
handling is characterized by variety of use; for example, an 
overhead crane in the outdoor material yard, with a runway into 
the shop. 

With materials and supplies there are three major divisions, 
unloading, storing, and loading. The unloading problem with 
the utility presents a good opportunity for improvement. There 
are many instances where old methods should be completely 
abandoned, and where the acquisition of new equipment should 
result in reductions in labor and time. To illustrate, the practice 
of installing large unloading docks for freight cars can fre- 
quently be obviated by using trailers of the same height as the 
freight-car floor. 

Peculiarities in methods of handling are emphasized in handling, 
with safety, sand, large lump coal, and more particularly, coke, 
where abrasion must be prevented. 

There are many individual handling problems which are far 
from being standardized, resulting in large unit construction and 
operating costs. One of these is that of loading and unloading 
wooden and possibly steel poles. A good type of runway from the 
car, together with a suitable pole-storage arrangement, using 
possibly a horizontal drag-type conveyor, might serve as a basis 
of development. 

In the actual process of storing materials, tractors, and skids 
for convenience, time saving, and space, the portable elevator, 
the chain block, and the overhead crane form in a general way 
the group of equipment needed. 

In maintenance work there are two major considerations 
which are usually combined in installing equipment. Equipment 
may be used for the taking out of electrical or other apparatus 
for routine maintenance or for emergency use in breakdown. 
Frequently these purposes are served by regular production 
handling equipment. But it is becoming more and more appar- 
ent, to fulfil the exigencies of service, that routine and emergency 
maintenance are best served by providing adequate handling 
equipment as part of the installation. In large power plants 
the installation of rail runways, with or without crane equipment, 
for removing closely located equipment, or the parts of such equip- 
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ment, is coming to be considered very essential, where a few years 
ago this problem was simply considered a block and tackle job. 
Indeed, the services of the old-time rigger are no longer required, 
since facilities are usually provided and standard practices are 
in use in the form of eye hooks, etc., to hoist, move, and place 
apparatus. 

The construction handling problem requires little comment 
here since its application is quite general. Certain equipment is 
worthy of mention, including the three-wheeled gasoline tractor 
for handling miscellaneous construction material, and particularly 
the 20- or 40-ton hoist for larger structural and equipment erec- 
tion. 

In line with the application of industrial-management prin- 
ciples to the operation of the public-utility repair and construc- 
tion shops, the full utilization of handling equipment for repair 
work, with convenience and minimum cost, has been developed 
in recent years. 

The necessity of putting production equipment back into service 
with minimum interruption places upon the repair shop very com- 
pact work schedules that must be adhered to strictly. Hence the 
shop is usually arranged for some form of line production. The lay- 
out calls for a proper arrangement of machines, with the simplest 
and most efficient means of getting work to and from these 
machines, aisle space being arranged for trucks, and space close 
to machines left for locating skids without interfering with the 
operation of nearby machines. The utilization of overhead 
handling equipment of proper type and size makes for the best 
possible production results. 

In general, where equipment is to serve miscellaneous pur- 
poses, whether in the shop, on maintenance, construction, or in 
stores handling, non-use of such handling equipment on straight 
production makes its selection none the less important. The 
best results are obtainable by analyzing the various possible situa- 
tions, determining the purposes of use, and definitely listing 
these purposes. From these data a thorough consideration of the 
most general solution may be determined. This will result in the 
maximum flexibility of solution. 


MEANS OF OPERATION 


This is a matter of choice between electric, gasoline, hydraulic, 
steam, or manual power, with the questions of convenience 
economy, source of supply, and safety usually determining the 
final selection. None of these methods should be adopted 
arbitrarily since, though convenience and supply are obvious, 
cost and sometimes safety, or vice versa, may be prohibitive. 
The steam dinkey may be convenient, and without any diffi- 
culties in coaling, yet its operating cost will be exorbitant com- 
pared with that of the gasoline tractor. On the other hand, the 
electric truck may be more satisfactory than either, especially 
around the station where off-peak battery charging costs prac- 
tically nothing. 


Costs 


The use of intricate formulas for the solution of any one prob- 
lem of utility equipment is frequently of little value since the dif- 
ficulties of maintaining service generally may render the results ob- 
tained quite worthless. Hence the selection of equipment usually 
resolves itself into a comparison of several different propositions 
on the basis of investment and operating costs. The question of 
yearly profit, either overall or in excess of certain limits, and the 
question of amortization of equipment investment have only 
slight application since the equipment must always be main- 
tained as good as new, and is not to be considered as being written 
off periodically. 

Investment Cost. Investment cost is the money spent to place 
the equipment in permanent service. This includes preliminary 
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and final plans, purchase cost of equipment, installation, testing, 
and all applicable overheads. 

Operating Cost. Operating cost comprises all expenditures 
incurred directly or indirectly in operating the equipment. It 
includes consumable material or energy, repairs, operating labor 
and supervision, salaries, licenses, interest and insurance, inclu- 
sive of pro rata cost on building, taxes, and rent on land and 
building. 

Estimates of investment cost are always more accurately pre- 
pared than those of operating cost. In fact, those of the latter 
are very rarely accurate. There is, however, always some sort of 
a basis to work upon, and hence if it is possible to locate the cost 
figures of a similar installation the accuracy of an estimate may 
be checked. 

In general, investment and operating costs form a good basis 
of comparison. Advantages in one respect may be offset by 
disadvantages on the other, thus making it possible for physical 
features to be a deciding factor. 


GENERAL CONSIDERATIONS REGARDING Costs 


In touching upon the question of cost there are five general 
classifications, of a fundamental accounting nature, which may 
well be referred to in order to deal with the more general prob- 
lems affecting materials-handling equipment, or in fact any 
equipment. These classifications are: additions, improvements, 
replacements, maintenance, and operation. 

For each of these there is usually some simple rule for justify- 
ing expenditures. For additions there is a maximum total esti- 
mated cost for, say, each type of installation, which, from com- 
parisons, can be set up as a fair investment to get definite results. 

For improvements to existing equipment there is a definite 
ratio which can be determined from questions of increased 
capacity, convenience, and decreased cost. In general, for 
improvements, an expenditure of over 25 per cent of original cost 
is fairly high. 

In the case of replacements, there is the twofold consideration 
of wear and obsolescence. If the replacement is proposed on 
account of wear, then anticipated repair cost should be balanced 
against cost of replacement for a definite life. If the equipment 
is classified as having a normal life of ten years, the anticipated 
repair bill at the end of the first five-year period for the remainder 
of life should be in excess of the replacement cost, less the salvage 
value, in order to justify a new installation. For obsolescence, 
resulting in excessive cost, inconvenience, etc., replacements are 
usually warranted at any time. 


ORDER OF PREFERENCE AS TO EXPENDITURES 


In general for additions, improvements, or replacements, when 
giving preference as to what expenditures to incur, the following 
reasons are significant in the order named: 

1 Increased service 

2 Increased capacity 

3 Decreased cost 

4 Improved safety and convenience 

5 Increased value. 
The classifications according to maintenance and to operation 
have particular significance from the physical rather than the 
economical standpoint. 

Maintenance of any equipment is best effected by routine in- 
spections, definite standards of work, and a definite responsibility 
of organization or personnel. Whether there is one crane or 
ten, the responsibility for general maintenance should be assigned 
to a definite individual, whose duties should be independent of 
those responsible for using or operating the equipment. Replace- 
ment of cable, conditioning of load brakes, replacing wheels, 
control, starter, etc., for example, should be a part of the routine 
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of those responsible for maintenance. This reference to cranes is 
made simply to emphasize the necessity of demarcation between 
operation and of maintenance. 

In the same way, operation should be standardized so far as 
feasible. There are many economies which may result from such 
standardization. Referring again to overhead cranes, the right 
control, the routine method of testing brakes by lifting to a 
clearing space, the proper sense in the three motions, workability 
with small clearances, can all be best developed and improved in 
an organization however small, by means of standardization how- 
ever simple. 

In general there are certain items which are significant in the 
solution of the handling problem in the utility. These are: 


1 Periodic check-up on overall conditions 

2 Constant study and observation of trend and develop- 
ment 

3 Selection and proper justification of equipment 

4 Satisfactory installation of equipment 

5 Standardization of operating conditions. 


A consideration of these items will be of definite value to the 
utility engineer in the solution of his problems involving mate- 
rials handling. 


Discussion 


Epwarp N. Trump.’ It might be useful to contrast the situ- 
ation described with an industrial plant with which I was con- 
nected as chief engineer some 46 years ago and which I am 
still trying to improve. 

When we designed the leng railroad trestle so that the coal 
could be delivered in a pile in front of our boiler houses from self- 
dumping cars, which were new in those days, we thought we were 
making a wonderful advance. The 200-hp. Babcock & Wilcox 
boilers were a new type, and our plant gradually grew until we 
had four houses with nearly 50 boilers in them. The coal was 
first shoveled into wheelbarrows and dumped in front of the 
boilers; the firemen shoveled it on the grates; the ashes were 
hauled out and shoveled into wheelbarrows and dumped at 
some distance from the boiler house, where they were shoveled 
into carts to be taken away to the dump. 

While the efficiency of these boilers was fairly good for the 
practice in those days, it required such a great number of men 
that I made a study which convinced me that a single large 
boiler house would pay for itself in a short time. We adopted 
the principle that the coal would never be handled by hand 
under any circumstances. We designed the boiler house where 
the coal coming in self-dumping cars was dropped into a pit, 
from which it could be put into storage by means of a revolving 
bridge or would drop into conveyors which delivered it to a tum- 
bler which separated any sticks or iron and crushed the coal at the 


* Consulting Engineer, Solvay Process Company; President 
Stumpf Uniflow Engine Company, Syracuse, N. Y. Mem. A.S.M.E. 


same time. Elevators and conveyors delivered it to bins in 
front of the boilers, from which it was fed to automatic stokers. 

This boiler house cost nearly a million dollars, but it elimi- 
nated 110 men and it paid for itself in decreased cost of steam in 
less than four years. The savings which have been made in 
most plants in the last 50 years have been largely made in han- 
dling materials. 

The limestone which we burned into lime was in 7- or 8-in. 
cubes and was forked into small cars which were pushed by hand 
over a system of turntables on tracks to an elevator, the elevator 
lifting them to the top of the kilns, where they were distributed 
by hand. In the quarry the stone was handled in the same 
way. It is now all handled by a large electric shovel into cars 
which are upset by an automatic dumper, and passing through 
crushers and screens, it was loaded into 100-ton dump-bottom 
railroad cars. 

At the plant these cars are dumped into elevators, elevating 
the stone to a storage bin, from which it is distributed by belt 
conveyors directly to the limekilns. The lime is handled in 
the same way and made into milk of lime without the stone 
being once touched by hand. 

The contrast in handling our product is just as great. From 
having to shovel it two or three times by hand, it is now never 
touched, and from being a very hot and dusty job for which it 
was difficult to keep men, everything is clean and closed up. 
Nothing is handled openly, and almost no labor is required. 

The contrast between the present handling system and that 
of 40 years ago is wonderful. The very large saving in cost is 
largely due to the handling of everything by machinery, and the 
end is not yet. There are plenty of places in our plant where 
much improvement can still be made. 


Wituiam V. Drakes.‘ With reference to the ash-handling 
system in service at the Springdale Power Station, when the 
writer was with the West Penn Power Company, there is a water- 
sealed ashpit below each boiler—the boilers being arranged in 
two rows of seven boilers each, with a center aisle. This permits 
the use of an overhead bridge crane in the ash tunnel to remove 
the ashes from any of the pits. A standard-gage track is lo- 
cated between the water-sealed pit bins. The ashes may be 
removed by standard-gage cars or the two bridge cranes may 
discharge to a water pit located in the center of the tunnel 
between two of the boiler water-sealed pits. This common 
pit has a stoker clinker-grinder mechanism installed at the top 
and steel grating so placed as to form a trough to the grinder 
rolls. The small clinkers and fine ash pass through the grating 
to the water and the large clinkers are ground between the clinker 
rolls. A motor-driven manganese-steel-lined centrifugal pump 
takes suction from the bottom of this pit and pumps the ashes 
out to the low ground around the power station, which is being 
brought up to level. 


‘ Superintendent Power Stations, Monongahela West Penn Public 
Service Company, Fairmont, W. Va. Assoc-Mem. A.S.M.E. 
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Materials-Handling and Manage- 
ment Problems of Mass Production 


Papers Presented at the Management and Materials-Handling Meeting of The American 
Society of.Mechanical Engineers at Detroit, Mich., May 1 to 3, 1929 


ForEWorRD 


NORMOUS OUTPUT requirements of automobiles made it necessary to go intensively into the problems 
of taking raw materials, fabricating them, putting them into an assembly line, and combining them into a 


finished product without loss of motion or time. 


Believing that the advantages of continuous production 


used so extensively in the automotive industry can be applied to other manufacturing fields with benefit, the Ma- 


terials Handling and Management Divisions of the A.S.M.E. arranged a meeting at Detroit for presentation of papers 


on production methods used by the automotive and allied industries. 


The papers presented during the three-day conference discussed materials handling, management, and production 


control as used in the automotive industries and conveyor-production methods as used in general industry. The 


Materials Handling Division of The American Society of Mechanical Engineers presents the papers herewith. 


Management and Materials Handling 


in Industry 


The Problem of Keeping Materials Moving Rapidly Through Plants So as to Reduce the 
Amount of Stock on Hand Requires Keen Analysis. The Turnover Rate Is 
the Final Answer to the Efficiency of Materials Control 


Management Applied to 
Materials Handling 
By JAMES LYNAH,! DETROIT, MICH. 


In his paper on ‘‘Management Applied to Materials Handling” 
the author tells of the coordinating-production, engineering, power, 
maintenance, and design problems which are undertaken by the 
Works-Managers Committee of the General Motors Corporation. 
A staff of experts in production-engineering work, wage incentives, 
maintenance problems, etc., consider various phases of materials 
handling and devise methods for taking up slack to prevent undue 
accumulation, and provide rapid and efficient movement of materials 
through the plant. 


executives have chosen to call decentralized responsibility 

with coordinated control. The works-managers com- 
mittee is one of the coordinating committees, of which there are 
four. First there is the general technical committee, which 
coordinates design-engineering problems, and which deals 
with engineering designs. The general sales committee is the 
second. It coordinates sales activities throughout the cor- 
poration, unifies sales policies, etc. The third is the general 
purchasing committee, which coordinates purchasing problems, 


[° THE General Motors Corporation there is what the 


' Director of the Staff of the Works-Managers Committee, 
General Motors Corporation, Detroit, Mich. Mem. A.S.M.E. 

Presented at the Management and Materials-Handling Meeting 
of the A.S.M.E. at Detroit, Mich., May 1 to 3, 1929. 

Note: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 


and treats problems arising where any item is purchased by 
two or more divisions. The works-managers committee is the 
fourth. It undertakes to coordinate production-engineering 
problems, power-plant work, factory layouts, and problems of 
that kind. 

The General Motors Corporation maintains a staff of specialists 
who are experienced in the various lines of production-engineering 
work, wage incentives, power and maintenance problems, etc., 
and they work in a consulting capacity with the various divisions. 
In order to capitalize the knowledge in the corporation to 
the fullest extent, it has been found desirable to have under 
each of these coordinating committees a certain number of sub- 
committees. These sub-committees deal with every phase of 
activity that comes within the scope of the work of the major 
coordinating committee. These sub-committees are very 
representative of the personnel of the important plants, and they 
meet usually once a month to discuss and consider a regular 
program. It is found that by getting together in that way, 
and throwing their problems and experiences frankly on the 
table, there is evolved out of the discussions what seem to be 
the best. practices to follow, the most desirable and economical 
material specifications, etc. 

Materials handling, with respect to its effect on the men, 
should be considered from the viewpoint of supplying mechanical 
equipment that will save physical effort as much as possible. 
Human efficiency varies inversely with fatigue, and if a man is 
to be kept working to the highest point of efficiency, his energy 
should be conserved as much as possible. The way to do that 
is to lighten his physical burden or to reduce the physical effort 
required. 

The handling of materials in the factory by conveyors, factory 
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trucks, ete., in each case requires special study and analysis. 
It has been found in a great many cases that wage incentives 
or a wage-incentive plan such as the group bonus system, which 
General Motors believes is the most practical and efficient wage- 
incentive system, can be applied very well to materials handling 
from the cars down through the storehouses. It is a compara- 
tively easy matter to work out standard times for handling any 
class of productive material, especially material that comes 
in very large volume. Beginning with the incoming freight, 
an analysis of all of the important productive material for an 
automobile shows that there are about 35 to 40 materials or 
parts, which make up about 85 per cent of the inventory. 
The handling of each one of those items from the cars through 
to the primary operation, or through to the shop assemblies, 
or through to the assembly line, by a conveyor system reduces 
physical handling or handling by human labor to a minimum. 

Conveyors of many different types carry the material from 
the incoming cars or from the storeroom to the assembly line. 
Each one of those conveyor systems is the result of special 
analysis and study, tied in with the old problem of materials 
handling, and the thing that determines the efficiency of the 
whole operation is the inventory investment. The difference 
between material control and inventory control is that material 
control carries up to the storehouse or the first point of storage 
in the plant, and inventory control includes the whole thing 
from the time of shipment, from invoicing by the supplier or 
vendor to the completed product. 

The works-managers committee does not take into considera- 
tion the finished-product inventory, that is the responsibility 
of the sales department. The committee deals only with what 
is called productive inventory. Productive inventory is divided 
into three classes, productive material, labor and burden, in 
process, and expense material. That breakdown is for the pur- 
pose of analyzing where the turnover rate fails to reach the 
expected or anticipated point. In some divisions the total 
turnover rates run as high as 20 times a year. In most cases 
there is no embarrassment to the suppliers as they are not forced 
to carry the inventory for the manufacturer. In the 35 or 40 
items which go to make up about 85 per cent of the material 
cost of the car, there is worked out with the suppliers, the time 
it requires them to secure the raw materials, the time it requires 
them to fabricate the raw materials, the time in transit between 
their plant and the automobile plant, and the inventory float 
that is required. 

It has been found that by having the operations in proper 
sequence, having them efficiently conveyorized, and by estab- 
lishing a wage-incentive system, the inventory float in the 
factory can be reduced to an extent that is really amazing. 
The banks of material between operations to a great extent 
have been eliminated, and there is a continuous flow of products 
from machine to machine. 

It has also been found that a traffic department working 
efficiently, and cooperating with the railroads can reduce very 
substantially the time in transit from what was formerly thought 
to be necessary. 

This has all contributed to what has been described as hand-to- 
mouth buying. That may not be the proper term for it, but it has 
been a most desirable thing for business as a whole. In General 
Motors sales are forecast four months ahead, and those fore- 
casts are revised or modified every ten days. Reports come’ in 
from the field, and at the present time practically 100 per cent 
of the dealers are reporting, so that the manufacturer keeps in 
very close touch with the trend of sales. The automobile manu- 
facturer carries what is needed in the field, at the factory and 
in the branches. This is called an “estimated desirable mini- 
mum and maximum stock.’”’ Any fluctuation from the trends 


are caught on the ten-day reports, and if it is found desirable 
the production schedules in the plants are modified accordingly, 
and if the situation warrants it the schedule of deliveries in the 
hands of suppliers are modified accordingly. The slack is taken 
up all along the line, and by taking it up promptly there is in 
no case an undue accumulation of products on the part of sup- 
pliers, raw material in his hands, purchased products in manu- 
facturing plants, etc. So that this thing that is known as hand- 
to-mouth buying is very desirable, and it has had a very whole- 
some effect in industry. Nothing short of a disaster to busi- 
ness could really seriously embarrass any supplier. 

The inventory investment, the turnover rate is the final answer 
to the efficiency of material control, mechanical handling in the 
plants, tied in with wage incentives, etc. Capital released from 
inventory is available for further expansion of the business 
or otherwise. Since January 1, 1925, when General Motors 
first started to concentrate on inventory, inventory control, 
and materials handling, production in cars has increased over 
150 per cent, the inventory turnover rate as a whole has in- 
creased from eight times a year to slightly over 20, and even 
considering the extensive increase in output of cars, the inventory 
investment is only about five million dollars more than it was in 
1925, so concentration on these problems is quite worth while. 
The installation of a proper wage-incentive system bears no 
small part in that work. 


Discussion 


Following the presentation of the paper a number of questions 
were asked regarding the group-bonus system. These are 
answered in the author’s closure. 


AvuTHOR’s CLOSURE 


The system used chiefly in General Motors is what is called 
the group-bonus system, or the standard-time system, in which 
a standard time is set for the job, with a scale of efficiencies. 
For each percentage of efficiency there is a corresponding bonus. 
There are cases, of course, where individual piecework or straight 
day work is more desirable, but wherever there is gang work, 
where the production goes in proper sequence through a group 
of operations, the unifying of effort of that group through some 
wage-incentive system will increase production since the pay 
that the group receives depends upon the output of the group. 
If machine investment is high, which is frequently the case 
where these wage-incentive systems are employed, any system 
that will increase the productivity of a machine is highly de- 
sirable. 

Group-bonus incentive is preferred at General Motors because 
when a product goes through a number of operations in sequence, 
if the group is working together, and even though every man 
in the group does not have equal efficiency, a team work results 
that would not be obtained otherwise. It. also eliminates the 
banking of products between operations, which is reflected, of 
course, in the inventory of labor and burden in process. 

The principal reason that the group-bonus system is preferred 
to the group piecework system is that the base rate of any man 
in the group can be changed under the group-bonus system, 
without affecting the other men in the group. While in 
the group piecework system, where the price of the pieces 
is already set, any change in rate of any individual changes 
the price of the piece, and therefore all the other men in the 
group know about it. In any gang there are individuals who 
are more efficient than others, they may have had longer service. 
Also there may be reasons why a higher base rate should not be 
paid. With this system the individual rate in a group can be 
varied without the other operatives knowing anything about it. 
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MATERIALS HANDLING 


Unless a product passes from one hand to another on the 
production line, individual reward is undoubtedly the best 
incentive. That is, if the final work done on a piece is by the 
same man who started to work on the piece and so forth. Ap- 
plication of group bonus is satisfactory only where the men work 
in gangs, where the work and the output is determined by the 
handling by a number of different men. In other words, it is 
to get team work. It is also found that in those groups spoiled 
work, errors, and defects are reduced very much. 


General Survey of Materials- 
Handling Conditions 
By JOHN CARMODY,? CHICAGO, ILL. 


That a great many opportunities exist for further development of 
methods to do work more efficiently is brought out in this paper. 
The author finds a great disinclination on the part of managers to use, 
in their own industry, methods that are producing effective results 
in another. Best results will come from seeking new ideas and 
applying them to the particular needs found. Engineers should 
take more ideas from one industry into another. 


material contracts, particularly from railroads, which 

allowed two years to fabricate, even though it could be 
fabricated in 90 days. It was not uncommon then, for railroads 
particularly, to let contracts two years in advance of their needs. 
Everybody who had money in frozen inventory during the panic 
of 1907, got a jolt, but even that was not enough to wake up 
American manufacturers. It took the jolt of 1914, which was 
cushioned by the almost immediate reaction, due to the great 
demands on industry from across the sea as a result of the war, 
and things went on to the period of 1920 and 1921 before manu- 
facturers really realized that it was the most unfortunate situa- 
tion they could possibly be in, to have money tied up in frozen 
inventory. That impetus has done a great deal to spread the 
acceptance of modern assembly methods and modern methods 
for handling material, because even in the banks in 1921 and 1922, 
they learned something about frozen inventories, and they them- 
selves as a result of having their own money tied up in properties 
that could not liquidate, began to talk to managements about the 
necessity for reducing their inventories. The only way that it 
could possibly be done was by better management methods, by 
line assembly that required material to flow rapidly through the 
plant rather than flow in large lots of three, four, or five-hundred 
pieces lying here and there and somewhere else. 

In a plant in Cleveland in 1914 where the author conducted 
some time studies, merchandise went through in large lots. It 
was the custom there to lay down before every operator a full 
day’s work. This operator had it, the next operator had it, and 
the next, and it was moved in large lots, and a very considerable 
inventory resulted. This was in a seasonal business, a business 
that required quick production. It had never occurred to any- 
body to reduce that material, somebody thought of supplying the 
lots, and that cost money, and as a result of considerable study 
and some discussion, it finally got to the point of trying to find 
out how small a lot could be processed effectively. The study 
showed that the worker should have the piece that he was work- 
ing on, and the next piece should be at his elbow to come in, and 
beyond that he needed nothing. 

* Editor, Factory and Industrial Management, Chicago, Il. 
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In two recent trips the author visited approximately 125 plants. 
He saw bakeries, candy plants, sugar refineries, textile plants of 
various sorts, lumber mills, body factories, box factories, crate 
plants, rayon plants, denim plants, glass plants, book-publishing 
industries, saw mills, chemical-process plants, and bottle plants. 
In some places there were as modern material-handling equipment 
as can be seen anywhere in the country, but in a great many 
places there were many opportunities for the materials-handling 
engineer and for the materials-handling manufacturer. In a 
great many cases men were not at all conscious of what had been 
accomplished in this or that or some other industry. Some felt 
that it was impossible to learn from an industry other than their 
own, even in this day and age of the world. Almost nobody had 
heard, for instance, that the present splendid plant and process of 
the American Rolling Mills had come from the paper industry. 
In other words, that a man who had worked out the continuous 
process in paper manufacture, introduced that idea into a steel 
plant. 

If, let us say, the president of an important manufacturing 
insitution would take a 1904 model automobile which, after all, 
is only 25 years old, and drive it and use it as his regular car, 
abandoning all his other cars he would be laughed to scorn. But 
how many men walk down the Avenue with 1904 ideas, and how 
many men have lunch with their banker in a club downtown with 
1904 ideas in their minds? A great many men, and the peculiar 
thing about it is that very frequently they are solid, substantial 
citizens. They have achieved a reputation for conservatism, 
that makes them win support even for their 1904 ideas in 1929. 
Young men who have come along, and who are closer to the new 
ideas by the nature of things find those men very difficult to con- 
vince, even when a completely new idea is being introduced. 

The coal industry is one of our great basic industries, and some 
progress has been made along lines of scientific management. 
Not much, but a little, but the fact remains, that of the 500,000,- 
000 tons of coal mined in the United States every year, more 
than 70 per cent of it is loaded into cars by hand. 

There have been manv demonstrations of successful machines 
for conveyor loading. Manufacturers and engineers, have de- 
voted a great deal of time to the development of practical equip- 
ment that would serve well in the mining industry, but for the 
most part the men in the industry came up from the mining work 
themselves. They were not mechanically minded, and they have 
not vet been convinced that equipment of the character that is 
commonly used in some industries can be used or can be adapted 
to their use. They do not see, in a great many cases, how it will 
pay. 

In many of those mines there are young men who not only see 
the possibilities, but who have worked out and demonstrated the 
applicability of modern equipment, but the men at the top, who 
have not a 1904 or 1905 idea but perhaps an 1892 idea are in a 
position to say “no.” They control the purchasing spirit. 

This sort of management, this sort of equipment has made 
great progress where competition has been keen. Competition, 
usually, will force people to use modern ideas, will foree moderni- 
zation, but in no other industry is competition keener than it is 
in the coal industry, so that is not the answer. In the automobile 
business competition has been keen, but apparently competition 
alone is not sufficient to force men out of their inertia, and inertia 
is a normal state. Charles F. Kettering, whom all know, said 
that the most difficult thing in the world is to get a new idea into 
a factory, and that is perfectly natural. Every one is constantly 
building up resistance to new ideas. No one wants to be dis- 
turbed in his thinking. As soon as an idea comes along that 
disturbs or that gives promise of disturbing a man into action 
other than that he normally likes to take, he immediately tries 
to find out how he can resist it. 
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Now that is not true, of course, of some men. There are some 
men who go out to seek new ideas, who go out to see what the 
other fellow is doing, and who come home and try to adapt what 
they see to their own needs. There has been a very considerable 
interchange of ideas. It would be unfair to say that there has not 
been, it would be unfair to say that one industry does not learn 
from another, because if we go back into the history of the 
A.S.M.E., we find that from the very earliest time engineers 
have taken ideas from one industry into another. 

It has been stated that one executive in New York engages 
engineers on this basis: If he has a peculiar electrical problem he 
will not hire a graduate electrical engineer, but he will engage 
for that problem or that job, a graduate mechanical engineer. 
Similarly, if he has some special mechanical problem, he will 
engage an electrical engineer, and he does it deliberately because 
he says that the man is forced to think, that he cannot possibly 
take ideas out of his textbooks, or he cannot possibly take them 
out of any of the recent teachings, statements, or formulas. 
He has to think, and perhaps the greatest contribution that 
engineers have made to industry is due to the fact that they are 
constantly facing new problems. If they do not seek them 
themselves, the problems are forced upon them, consequently 
those men are rather more alert to new ideas. 

Now in industry generally, where men have come up from the 
bottom to an executive position of responsibility, it is found that 
the very fact that the man has come up with all the barnacles 
that started to attach themselves to him when he was a young 
man, is quite likely to cause him to resist suggestions even of his 
own engineers, if he thinks they have been exposed too generally 
to ideas from the outside. There are executives who say that is 
quite all right, that can be done in the automobile business, but 
my business is different. That can be done in the bakery busi- 
ness, but sugar refining is different, and so on and so forth. 

To a certain extent engineers who go about from one responsi- 
bility to another are akin to editors, who in the course of their 
travels during a year get into all parts of the country and into a 
great variety of industry. Editors are constantly told, “Yes, 
that is all right in this industry, but it would not work in ours.” 
In some cases they have already had the experience in one indus- 
try which they lifted out and took into another with slight adapta- 


tions, and still the man whom they talked to in the second in- 
dustry does not see that there is any relation whatsoever. 

This is a great scientific age. A generation ago, it took prob- 
ably 10 years from the time the pure scientists worked out an 
idea until it found application in industry. That time has 
passed, due largely to the sort of scientists we have today, men 
who are realizing that after all pure science is not a sport, pure 
science is closely related to life, and when a man like Jewett, for 
instance, of the Telephone Company finds that instead of its 
taking 10 years to apply the results of pure research, or pure 
science, he can apply them in 18 months, or 12 months, or 6 
months, one finds there sufficient evidence to indicate that it is 
the business of all, particularly those men who are professionally 
connected with the A.S.M.E., or are responsible operating ex- 
ecutives. Those men ought to realize that they must be con- 
stantly alert, not only to learn what is being done in pure science, 
not only to learn what is being done by the research men who are 
standing between the pure scientists and the application, but 
they also ought to get all the information they can about the 
application of any particular principle to any particular in- 
dustry. 

It has been found that in the radio field there are by-products 
of radio research that have their application not only in the field 
of radio, but even so far away as the newspaper itself. It is 
only a question of time when perhaps a great deal of what is now 
transmitted over wires into newspaper offices will find its way in 
more directly, and the news will get back to us much more quickly 
than it does now. 

All should keep their minds open, keep as close to the work of 
the scientists and research engineers as possible, and give up the 
idea that they cannot learn from another industry, that ideas 
cannot be transmitted from one industry to another. They are 
being transmitted, but they are not being transmitted rapidly 
enough. There is a necessity for engineers to help one another 
to a very much greater extent than they do. They do not carry 
on, for instance, sufficient correspondence among themselves. 
They become so affiliated with an industry or with a job, that 
they forget their professional relationship, and their professional 
responsibility to their profession, and to their associates in their 
profession. 


Automotive Production-Handling Methods 


Raw Material Must Be Brought to Points Where Production Starts, Forgings and Castings 

Must Be Made, and the Rough Parts Finished in the Machine Shop, Wood and Metal Work 

Must Be Built Up, and Many Parts Cleaned and Painted Before Assembling Operations Begin 
These Various Classes of Work Are Discussed in the Following Four Papers 


Materials Handling in a Forge Shop 


By HUGH DEAN,! DETROIT, MICH. 


Handling of raw material and finished products in a modern 
forge shop is the problem discussed by the author of this paper. 
Raw stock is handled from cars to storage bins in the steel yard, 
and from there to the shear sheds and then to the different hammers. 
Work in process includes such operations as trimming, grinding, 

1 Manager, Forge Division, Chevrolet Motor Company, Detroit, 
Mich. 
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heat treating, rattling, and pickling. A new plant devoted ex- 
clusively to the manufacture of crankshafts is described. There 
work is made as nearly automatic as possible. 


for a definite period, and includes an authorization to pur- 

chase material for that period. This material is then 
scheduled with sources of supply so that production can be 
maintained, and inventories turned over at least once each week. 
The authorization reflects actual production figures for the 
month immediately succeeding its issue and tentative figures 
for the following months. This enables the forge shop at all 
times to present to the steel mills an intelligent picture of re- 
quirements, and permits them to roll and ship, so that all con- 


CHEDULING at the Chevrolet Forge Plant is made up 
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fusion, and excessive freight and express charges resulting from thorough schooling in the meaning of the different color schemes. 


last minute placing of orders is eliminated. During the past year the forge shop did not have a single 


During the year 1928 the forge shop received and used 202,000 instance of wrong steel being used. Each heat is shipped in 
tons of steel consisting of 90 different sizes, and 17 specifications 
from which were forged 101 different parts. All steels are 


TRIMMING CRANKSHAFTS Waite TonGs ror HANDLING ARE 
Suprortep From an OverHEAD MONORAIL 


UNLOADING Street AN OverRHEAD TRAVELING CRANE AND 
Evectro-MAGNET 


ordered in multiple lengths with no allowances made for re- 
shearing. Each specification has its own color scheme, and 
the mills paint each bar according to it. In this way the danger 
of mixing steels is reduced as every man connected with the 
handling of the steel while unloading and shearing is given a Upsertinc a CRANKSHAFT To ForM THE FLANGE ON OnE END 
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its entirety in one car, so that no car contains two different 
specifications of the same size, and shorts above 5 per cent 
are not allowed. 

The steel yard contains 194 bins separated by 8-in. H- 
beams, each bin having a capacity of 100 tons. Four 10-ton 
magnet cranes are used exclusively in the unloading of steel cars, 
the loading of flash cars, and the moving of steel from bins to 
the shear sheds, of which there are three. These sheds house 


Steels are moved from the bins to the shears, and then to the 
different hammers on the authority of what is called hammer 
cards. These cards are made up by a production clerk for a 
limited number of pieces, and are turned in to the production 
office after completion, when a new card is issued. This is done 
to enable better control of raw stock, and reconcile it each time 
a bin is cleared. These cards show the number of pieces to be 
cut, size, specification, cutting length, location, and hammer 


Automatic CoNveYoR HANDLING 


seven Pels billet shears and four alligator shears of different 
capacities to accommodate the various sizes of steels cut. All 
steels are cut cold. 

When steel is received it is located in bins nearest to the shed 
in which it is to be cut, and placed so that it cannot be con- 
fused with other steels of similar size but different specification. 
The foreman in charge works to what is called an unloading 
card that is made up by a steel record clerk from shipping notices, 
and contains car number, size, and specification of the gteel. 
After the steel has been unloaded the foreman enters on the 
card the bin number and the sample numbers. From each 
heat 12 samples about one-inch long are cut, and are sent 
to the laboratory for physical and chemical testing. After 
approval, the steel is ready for production. 
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CRANKS AND FLASHINGS 

to which it is to be dispatched. The material is moved from the 
bins to the shear tables by magnet cranes, and then is shoved 
across rollers to the different shears. After cutting it is racked 
and dispatched to the various hammers. From this point on 
it loses its identity as steel, and becomes work in process. The 
reason for this is the fact that productive labor has been per- 
formed on it as shearing is a productive operation. 


WorK IN PROCESS 


From the shear operation the method of handling materia! 
is somewhat antiquated. For this there is no apology. Like 
Topsy it just grew, and as a result, a more efficient method of 
handling material than that now employed was completely lost 
sight of. 


: a hy 4 


MATERIALS HANDLING MH-51-7 


From the shear, material is moved in flat racks by means of 
electric trucks to the hammers. At each hammer there is an 
end-dump rack, and either a box rack or a flat rack. Into the 
dump rack, one member of the crew places the flash, eliminating 
the use of non-productive labor for this operation. After filling, 
flash racks are moved by trucks to the scrap dock, dumped, 
and the flash is then loaded by magnets into cars. The box or 
flat rack whenever possible follows the same procedure for the 
forging after it has been made. In most cases, however, the 
forging is allowed to fall in front of the hammer where it is in- 
spected, and counted by counter inspectors. These men per- 
form three operations; counting, inspecting, and racking, and 
save the cost of laborers’ and inspectors’ wages. 

From the hammers the forgings are moved to secondary opera- 


plant was started to be devoted exclusively to the manufacturing 
of crankshafts. It will be as nearly automatic as humanly possi- 
ble. Automatic furnaces were designed for heating the raw 
stock. Monorails handle the crankshaft to the press where it 
is trimmed, to the upsetter where it is flanged, to the restrike 
hammer where it is restruck in two positions, and finally to an 
overhead conveyor which takes it to the heat-treating depart- 
ment. The crankshafts are placed on carriers while still hot, 
and shoved automatically through the quench heat on 
a two-minute twenty-second cycle. At the discharge end of 
the quench furnace they are picked off by fingers that are so 
perfect in their operation, that they are nearly human but un- 
like a Frankenstein, they have not as yet destroyed their inven- 
tor. The crankshafts are then quenched, placed on carriers, 


SroraGE Bins IN Street Yarp Servep spy OverHEAD TRAVELING CRANES 


tions such as trimming, grinding, heat-treating, rattling, or pick- 
ling, in racks by electric trucks with one exception, and that is 
the cold-trimming operation. At this operation, press hands 
place all flashings in the upper tier of a two-high conveyor, and 
the trimmed forgings are placed in the lower tier. The conveyor 
then empties forgings at one end into an automatic-tumbling 
barrel where they are rattled and emptied into a conveyor-sort- 
ing table where they are inspected and sorted ready to be shipped. 
At the other end flashings are emptied into a dump rack which 
in turn is emptied every hour. The method of handling both 
raw and finished material so far has been entirely in racks by 
electric trucks. 

It has been the consensus of opinion on the part of the manage- 
ment of the forging industry in general, that conveyors for auto- 
matic handling of forgings were never intended for forge shops. 
This theory has been disproved so convincingly, that the com- 
pany is preparing a program that will necessitate the entire 
revamping of the present shop. Early last year erection of a 


and shoved through the draw heat. From here they are carried 
by gravity conveyors to straightening presses, straightened, 
and placed in pickling baskets, pickled by automatic pickling 
machines, and in the same baskets are taken to the grinders. 
Here the crankshafts are ground for Brinell, and placed on a 
continuous slat conveyor where they are Brinelled, indexed, 
inspected, and conveyed into cars. The method of handling 
flash and tong ends is also automatic. Flashings and ends are 
placed on a conveyor by a member of the hammer crew, and are 
conveyed to cars. 

From this summary it is evident that the subject of manage- 
ment as applied to materials handling in a forge shop, has no 
effect on the man, the wage incentive, or the conveyor pacing 
of work. It has, however, an effect on inventory control. The 
organization accepts mill weights, counts and checks each bar 
as it is cut for the theoretical number of pieces based on cutting 
lengths. Each piece is again counted, cut, and the two counts 
reconciled, before the steel is allowed to leave the shear shed. 
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A material-control man is directly responsible for all steels and 
all forgings, and it is a golden rule that no burnt or mutilated 
steels are to be moved from hammers until they have been 
counted, and all forgings questionable as to quality are cleared 
through the salvage department. The consumption runs about 
1500 tons per day, and during the past five years there has 
not been an inventory shortage. Each actual count and com- 
putation of steel in the yard shows either a reconcilement or 


an overage. 


Materials Handling in the Foundry 
By L. W. PARDEE,? PONTIAC, MICH. 


Methods used to double the production of a foundry are described 
in this paper. As floor space was limited the mechanical-handling 
equipment selected differs from what would be used if buildings and 
equipment were designed at the same time. Conveyors were in- 
stalled for handling castings, for continuous moulding, pouring, 
and sand handling, and for taking raw materials from the yard to 
the cupolas. 


r I NHE PLANT of the Wilson Foundry & Machine Company, 
Pontiac, Michigan is devoted to the production of automo- 
tive parts. Castings for the Willys-Knight and Whippet 

motors are produced there. At the present time the tonnage 

capacity is from 450 to 500 tons, and this is turned out from a 

foundry that was built for a capacity of about half of this pro- 

duction. 

The foundry buildings comprise the foundry proper which is 
about 350 ft. wide 500 ft. long, adjoined at one end by the 
core room which is 200 ft. long and the same width as the foundry, 
and which has a sand-storage building beyond it with a width of 
80 ft. and a length of 330 ft. The cupola building is located at the 
opposite end of the foundry, and houses five 96-in. cupolas. 
This entire group of buildings is located between a railroad siding 
and a city street, so that there is no room for expansion. The 
last of these buildings was built in 1919, and at that time all of 
the molding was of the floor type, the only mechanical handling 
of material being the unloading of sand which is done by a crane 
traveling through the sand-storage building, and the unloading 
of iron from the cars to the yard by means of a magnet on a loco- 
motive crane. All of the handling work inside the foundry was 
done by hand labor with a night crew shaking out and preparing 
the sand, and it taxed the capacity of the foundry to produce 250 
tons per day. The mill room and the chipping room are located 
on the machine-shop side of the railroad tracks, and are connected 
to the foundry by means of a tunnel under the tracks, so all cast- 
ings had to pass to this point in leaving the foundry. 

As the production gradually increased the foundry was con- 
fronted with the problem of increasing the tonnage capacity with- 
out much change in the floor space, and the mechanical-handling 
equipment selected was influenced not only by what it was de- 
sired to accomplish, but also by the fact that it had to go into 
buildings that were already in place. Consequently the equip- 
ment. differs from what is ordinarily selected where the buildings 
and handling equipment are designed at the same time. 

The first mechanical equipment installed was an apron con- 
veyor which was used for the snagging of the castings in removing 
the sprues and large cores. The castings were loaded onto plat- 
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form trucks at the molding floors, and hauled to this snagging 
conveyor, then lifted from the truck to the apron by means of an 
air hoist, and as they passed along men with hammers would 
break off the parts that were to be removed. The cores and iron 
fell through the apron, which was of a grate-bar type, and were 
collected on a belt conveyor which passed over a magnetic pulley, 
the core blocks going to a refuse bin while the core wires and iron 
went onto trucks from which the material was salvaged. The 
good castings passed off the snagging conveyor to another apron 
conveyor which took them through a tunnel under the railroad 
tracks to the mill room. This conveyor system simplified the 
work of the clean-up gang, but did not increase the tonnage 
capacity of the foundry. 

When the necessity of increasing the tonnage capacity arose the 
only available way was to produce more castings on the same 
floor space that had been done with floor molding, and the con- 
tinuous-molding and pouring method was adopted. The first 
unit of this was installed in one-half of one of the foundry bays, 
occupying a space of about 55 X 350ft. This continuous-pouring 
equipment consists of sand-handling machinery, and also of roller- 
table equipment on which the molds are passed along. A sand- 
tempering room and storage bins were erected at one end of this 
space, and from this belt conveyors run through the roof trusses 
to the points where the sand is to be used, and there it is plowed 
off into a small service storage bin. These bins have an apron 
feeder on the bottom, motor driven, and the control is paralleled 
with the motors of a sandslinger which they serve. 

Each sandslinger is of the swinging-arm type, and serves two 
patterns so that it can be running nearly continuously. After 
the flasks are filled they are stripped from the patterns, placed 
on a bottom board on the roller table, and then pushed along, 
the drag being molded on the end machine, and the cope on the 
next one. As they pass along on the conveyor another man 
molds the runner box, and clamps the mold before it comes to 
the pouring station. An air pusher is provided to advance the 
molds along the roller table. After being poured and allowed a 
sufficient length of time for the iron to set, the flasks reach the 
end of the roller table and are dumped. Here the cope is lifted 
off by means of a vibrating shake-out bale, and the sand goes 
through a grating, the empty flask then being placed on a return 
roller table. Then the casting is lifted out, and the drag flask 
shaken out the same as the cope. The sand which is shook out 
at the dump location is pulled to one side of the bay by means of 
a reciprocating conveyor, and returns to the sand-tempering 
room. The molding machines are also on gratings under which 
are reciprocating conveyors so that all sand spilled by the sand- 
slingers is returned mechanically to the storage bins. This unit 
consists of eight sandslingers arranged so that the molds go along 
four lines of roller table, and each line will produce from 500 to 
700 flasks per day. All cores are placed in the molds on the roller 
table between the drag- and cope-molding operations. 

This first continuous unit was so successful that when about 
two years later it was necessary again to increase production, a 
second unit almost duplicating the first was installed. On this 
second unit, however, it was necessary to put the sand-tempering 
unit in the center and over the roof of an existing building as there 
was no space at the end as there was in the case of the first unit. 
These units take care of the production of cylinder blocks and 
transmission cases. 

To take care of the increased production of flywheels another 
continuous-molding and pouring unit was installed, but this was 
of somewhat different nature. Here a closed ellipse of roller 
table was installed, and at one end of this ellipse the molding 
equipment was built. This consists of a turntable about 15 ft. 
in diameter on which were mounted various molding machines 
with flywheel patterns, and then overhanging one side was a 
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sandslinger which was fed with sand from an adjoining pit. As 
the turntable revolves the patterns come successively under the 
slinger and the molding is continuous. After being assembled on 
the roller table the flasks are moved along by an air pusher, 
poured, and then dumped at the far end of the ellipse. The sand 
from here is worked back to the pit by means of a sand cutter, 
and tempered in the cutting. This system works very success- 
fully for this class of mold as the quantity of sand required for a 
flywheel is not as great as for the cylinder-block molds, and it 
does not require as large an installation of machinery. 

These changes to the production-molding floors gave a largely 
increased tonnage capacity, and it was necessary to speed up the 
work on the handling of raw material in order to handle the ton- 
nage. When the foundry was built two spur tracks were run 
across one end on a trestle, with the idea that coke could be 
dumped from hopper-bottom cars, and that the height would give 
ample storage capacity. It worked out, however, that the trestle 
was not high enough for coke as material from only one car in a 
place could be dropped. The space beside the coke was to be 
used for iron storage with a traveling railroad crane equipped with 
a magnet to lift the iron from the cars to storage. In order to 
secure coke storage a spur was run along one side on an inclined 
trestle so that there is storage for more than two cars of coke for 
each car length of trestle. Some bays under this trestle are used 
for limestone, this also coming in hopper-bottom cars. The 
original spur tracks are now used exclusively for handling pig 
iron, scrap castings, and steel. 

The next problem in securing increased tonnage was that of 
getting raw materials from the yard to the cupola. Originally 
the iron and coke was loaded on cars on an industrial track in 
the yard, pushed to an elevator which raised it to the charging 
floor, then pushed to the cupola, and thrown in by hand. After 
considerable study on a method to improve this, a decision was 
made to adopt a charging machine which used a cylindrical 
bucket for holding the material. This bucket has separate sides 
and bottom, the bottom being cone shaped so that when the 
side is lifted the load in the bucket will flow out to the edges of 
the cupola. 

These buckets are used for both iron and coke, and are handled 
at the cupola by a special monorail hoist traveling on a bridge 
so as to move in all directions. This was designed for the special 
conditions, as there was only about 10 ft. of headroom available. 
This charging hoist is motor driven in all directions, and has 
separate hoists for shell and bottom of the charging bucket, so 
that one man can run it, though two are generally employed to 
speed up the operation. 

For the loading of the buckets, a charging deck was built out- 
side the cupola building with the floor at the charging-floor level, 
the deck being roofed over so the weather will not affect produc- 
tion so much. This deck is served with iron by means of a 10- 
ton bridge crane with two magnets which goes over the railway 
siding as well as part of the deck, and which keeps supplies of 
iron at the points where they are wanted for loading. 

For handling the buckets around on, the deck, a three-wheeled 
trailer is used that is built just to hold one bucket, and these are 
pulled around by a tractor from the deck to a point where the 
charging crane can reach them. 

In order to make up the iron charges on the deck, a series of 
scales were installed so spaced that when the charging-bucket 
trailers are hooked together, every other one is on a scale. The 
various irons are always loaded at the same location, and then 
the trailers are pulled along one length, so that when they reach 
the last scale they are fully loaded with their charge of about 
three tons. 

To secure the coke, a monorail crane of three-tons capacity 
runs from the charging deck alongside the trestle where the coke 
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is dumped from the railroad cars, this crane handling two buckets 
of coke at each trip. From the charging deck the buckets of 
coke are taken on trailers to the charging floor the same as the 
iron. For a production of 400 to 500 tons of iron per day this 
system requires two crane operators outside, two operators on 
the charging cranes, one at each 96-in. cupola, two men loading 
coke into the buckets, 11 men making up the iron charges, two 
tractors with driver, and four men for handling the trailers, a 
total of 23 men. 

The increasing of the production-tonnage capacity has also 
brought up the problem of handling the product after it is cast, 
and conveyor systems have been arranged to take the castings 
from the end of the continuous-pouring system through a snag- 
ging operation and then to the mill-room. As these continuous- 
pouring conveyor systems were located in a building which has 
only 13 ft. clearance under the truss, and as the space in the trus- 
ses was filled with sand-handling conveyors, an apron type of 
conveyor was adopted. Thisrunsat floor level where the castings 
are loaded and drops to pass under the aisles. All cores are also 
thrown on these conveyors which run to what was the outside of 
the building towards the street. Here the conveyors across the 
foundry discharge onto one running parallel to the building wall, 
which carries the castings alongside a row of vibrator shake-outs. 
The castings are lifted off the apron conveyor here, cleaned of 
cores, wires, and sprues, and then hung on a monorail chain 
conveyor which carries them around the end of the foundry 
building, and over the railroad tracks to the mill room. This 
chain has a length of about 3800 ft., and is timed so that the cast- 
ings are cold enough to handle when they reach the mill room, 
the trip taking about one and one-half hours. 

The refuse knocked off in the shake-out machines drops on an 
apron conveyor, and is returned to the same conveyor which 
brings the castings to the shake-out machines. All material left 
on this apron after the castings are removed is discharged on to 
a magnetic separator, the sprues, scrap iron, and core wires going 
to a conveyor which carries them to the charging deck, while the 
sand and core lumps are discharged to a screen. 

This screen was installed to secure sand to make synthetic 
molding sand, all rejected material going to an apron conveyor 
which takes it to a refuse bin from which it is hauled to the dump 
by motor truck. This system is just being put into operation, 
and is expected greatly to reduce the congestion in aisles, and 
foundry yard, and also to remove the necessity of storing a day’s 
production on trucks to cool, so that it could be handled over the 
old snagger system. 

While these installations of mechanical-handling equipment 
have helped to solve some of the problems which have confronted 
the foundry of the Wilson Foundry & Machine Company in se- 
curing an increased production, other problems still remain, 
such as the handling of cores, and the molding of small castings. 
There is no doubt but that the use of mechanical means for han- 
dling these will be adopted from time to time. 


Discussion 


The discussion of this paper consisted principally of a number 
of questions. These are answered in the author's closure. 


AvutTuor’'s CLOSURE 


Castings cool a sufficient length of time for the iron to set, and 
they are red when taken out. No trouble occurs due to taking 
them out red. The cooling time is about 10 min. on a cylinder 
block from the time it is poured until the cope is taken off, then 
it goes on the conveyor, and is vibrated in about 10 to 12 min. 
after that. In 1'/: hr. they are around to the mill room. 

The company has experimented a little with permanent molds, 
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but at the present time castings are made in sand molds. Green- 
sand molds are handled on roller conveyors without trouble with 
droppings. A bottom board of aluminum is used. Each bottom 
board is a unit by itself, it is larger than the flask, so that the 
strain in pushing comes entirely on the bottom board. 

The flask stays with the mold all the time, only in hand molding 
is a snap flask used. Double rolls are used but they are not stag- 
gered. The flywheel line is all single rolls. 

The 3800-ft. conveyor is one single chain. It comes out of.a 
building, goes up, makes a three-part loop for cooling, then goes 
over the top of a couple buildings, over a railroad track, and into 
the mill room on the other side. It is driven as nearly in the 
middle as possible with two caterpillar drives, both geared to 
the same motor. One motor drives the two, so that they are 
always in synchronism. This has a two-wheel trolley on it, and 
the load on each trolley averages around 175 lb. taking both 
heavy and light castings. They are spaced at 32-in. centers. 
No trouble is experienced in driving it. There is no trouble from 
spilled metal falling out of the rollers. The bottom board is 
just a little wider than the rollers. The roller table is in the form 
of a horseshoe with a line down the center for return flasks. The 
molding machines and sandslingers are in the closed end of the 
horseshoe. The roller table runs past the pouring section, and 
down to the pump location at the end. 


Cleaning and Painting of 
Automobile Parts 
By WILLIAM PFEIL,* SOUTH BEND, INDIANA 


Methods of handling parts for cleaning and painting by a con- 
ceyor system are described by the author. Advantage was taken 
of the consolidation of work at the South Bend plant of the Stude- 
baker Corporation to install a modern materials-handling system. 
The advantages of this system are illustrated by following the various 
processes to which fenders and sheet-metal parts are subjected. 
By use of the improved layout production was increased 200 per cent. 


MovuLpinGs AND INSTRUMENT Boarps CooLING AFTER COMING 
Our or SreamM-HeaTep Oven. SpectaL Crates ArE Usep To 
To Spray ComBINATION GrounpD CoLor 
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FLoco or AvuTomatic SHower Bata Boorn FENDER AND 
SHEET-MetaL Parts BEING Sprayev. Nozz_es ARE Phacep art 
ANGLES So as TO SpRAY IN ALL DirReEcTIONS 


Hoop Spray Boorn anp Tank Wuere Rex Pamco CLEANER Is 
Sprayep On. A Return Line Comino Back at WorkK1NG HEIGHT 
Is SEEN AT THE LEFT 
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poration from Detroit, Michigan, to South Bend, Indiana, 

necessitated an increase in facilities for handling the work 
at the latter point of over 100 per cent. Some of the problems 
met in connection with cleaning and painting of instrument 
boards, garnish mouldings, door panels, hoods, fenders, and 
sheet-metal parts, illustrate how the increased work was taken 
care of. 

By a general rearrangement and with the addition of an over- 
head I-beam continuous-type conveyor, nearly all handling 
was eliminated, and nearly all work was performed while the 
material was moving on the conveyor. The rearrangement 


of all manufacturing of the Studebaker Cor- 


Fioor-Tyree Conveyors Usep ror Striping Hoop Waite Movine 


made it possible to clean and paint 800 hoods, and 350 sets of 
fenders and sheet-metal parts in the original floor space of 60,000 
sq. ft. 

With the rearrangement the operations performed on the 
hood layout which is designated as unit No. 1 are as follows: 

A half hood is taken from the metal-finish conveyor and is 
hung on a lacquer conveyor. Ethyl acetate with Rex Pamco 
reducer is applied to any rust spots and to rolling-mill ink spots. 
The cleaner is sprayed on the outside of the hood only. The 
unit is then allowed to dry in the air for 8 to 15 min. in order 
that the chemical action of the cleaner can do its work. The 
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half hood is then baked in an oven at a temperature of 400 deg. 
fahr. for from 20 to 30 min. It is then allowed to cool for 5 min., 
and then is scuffed off with a wire brush and steel wool. Hinges 
and louvres are cleaned with a power brush. After this opera- 
tion, both inside and out is tack ragged. 

The hood unit is then washed off with an alcohol cloth, and 
is passed through a dip tank containing a dipping primer which 
is mechanically agitated constantly both at the top and bottom 
of the tank. The half hood is then baked for 2 hr. at a tempera- 
ture of 350 deg. fahr., and allowed to cool for 5 min., after which 
it is sanded very lightly where needed. Six to eight single coats 
of lacquer are then sprayed on with a 10-min. air-drying interval 


between each coat. The unit is then dryed in an oven for */, 
hr. at a temperature of 170 deg. fahr. The half hood is then 
taken off the conveyor and is water-sanded, after which it is 
again hung back on the conveyor where the seams are blown 
out with air, and then a mist coat is sprayed on. All hoods 
which may have small repair spots are touched up. The inside 
is then sprayed with a suitable black underside paint, and is 
dryed in an oven for */, hr. at a temperature of 170 deg. fahr. 
The hood unit is then taken from the conveyor for “Parko- 
Rub” and polished, after which it is put back on a conveyor 
which takes it to the assembly and striping department where 
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Sueet-MetTat Parts ArE BrovuGat From THE SHEET-METAL DEPARTMENT TO THE LacQueR DEPARTMENT BY CONVEYOR No. 
Parts HunG on Hooks anp HANGERS ON Conveyors No. 2 To Be Sprayep With CLEANER. 


1. 
Aw Oven Is in THE Back- 


GROUND WITH Parts ENTERING ON CONVEYOR 


the half hood is taken from the conveyor, and hinges, corner pads, 
and handles are riveted in place. They are then laid on a slat 


Hoop Dip Tank SHow1na MECHANICAL AGITATION ON END 


conveyor to be stripped, using a ‘‘Packard” pencil. After strip- 
ping, two halves of a hood are assembled, and put on an over- 
head I-beam conveyor to be delivered to the final car-assembly 
line where they are put on cars. 


CLEANING AND PAINTING OF FENDERS AND SHEET-METAL Parts 


Fenders and similar sheet-metal parts are taken from a sheet- 
metal finishing conveyor and are ‘‘Rex’’ cleaned in a manner 
similar to that described for the hood units, but instead of dipping 
in a primer, these are submitted to an automatic shower bath, 
as a part of the Floco system for spraying primer. They are 
then baked for 2 hr. at a temperature of 350 deg. fahr. After 
cooling for 5 min., the parts are sanded where necessary, and two 
or three double coats of lacquer are sprayed on with a 10- to 15- 
min. interval for drying between each double coat. They are 
then removed from the conveyor, and oil-sanded after which they 
are again placed on the conveyor, touched up, and a spray mist 
coat and spray black underside paint is applied. After this 
the parts are dryed in an oven for */, hr. at a temperature of 
170 deg. fahr. and are then cooled for 5 min. The parts are 
then taken off the conveyor and given a “‘Parko-Rub” and pol- 
ished, and then hung back on a conveyor which takes them to 
the final car line for assembly. 
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Through use of these improved production methods, the 
number of hoods was increased from 400 to 800 in a 10-hour 
day. Production of sheet-metal parts was increased from 125 
sets to 350 sets in a 10-hour day. Rejections were decreased 
25 per cent, and a labor saving of 15 per cent resulted. The 
layout for handling the various parts had to be flexible enough 
so that mouldings could be run either in grain, lacquer, or me- 
tallic enamel. This was done by use of the same combination 
ground color, and primer for both lacquer and grain. Mould- 
ings, instrument boards, and door panels are all made on the 
same layout, and all parts are run so as to have a complete car 
set every three hours. 

In the operation for grained garnish mouldings, metal parts 
are taken from the metal-parts conveyor, and are put into a 
duplex Blakeslee washer where they are washed in alkali cleaner, 
and rinsed in hot water. They are then taken off the washer 
chain, and are blowed out with air after which they are hung 
on an overhead I-beam conveyor where they are taken to the 
floor above. They are next taken from this conveyor and tack 
ragged with alcohol after which they are placed in special crates, 
and are baked 2 hr. at 290 deg. fahr. in a steam-heated oven. 
After cooling for 5 min. the parts are taken out of the crates, 
and are sanded after which the staining and graining operations 
are carried out, and each piece is hung separately on a con- 
veyor. The graining stain is baked for one hour at 290 deg. fahr. 
in a steam-heated oven after which it is mossed off, tack ragged, 
and an antique spray applied. After air drying for 5 to 10 min. 
the parts are dipped in clear lacquer, and allowed to drip for 15 
to 25 min. They are then dryed in an oven at a temperature 
of 160 deg. fahr. for 20 min., and are allowed to cool for 5 min. 
In this operation the hanging of the parts is reversed in order 
that the coat will be uniform. A second coat is applied by dip- 
ping in clear lacquer after which the parts are allowed to drip. 
They are then dryed in an oven at a temperature of 160 deg. 
fahr. for 20 min. After air drying and cooling for an additional 
45 min. the parts are polished and hung on a conveyor which 
takes them to the stock room. 

Due to the building arrangement at the plant, and the facili- 
ties for body-assembly operations, it was necessary to concen- 
trate the group of cleaning and painting operations in one spot. 
Assembly of instruments is also done at one point. Crates are 
used to carry a complete set of garnish mouldings, and one in- 
strument board on an overhead I-beam conveyor to the final 
body-assembly section. 

Through use of this layout, production was increased 200 per 
cent and costs were cut 35 per cent. A total of 4875 garnish 
mouldings, 800 instrument boards, and 2700 garnish door panels 
are being turned out each 10-hr. day in approximately 32,248 
sq. ft. of floor space. 


Sheet-Metal and Body Work in 
Automotive Plants 
By G. E. HAGEMANN,‘ NEW YORK, N. Y. 


HE sheet-metal shop is an important feeder to automotive 
plants. Ancient processes of metal working produced 
articles of utility and beauty, but they required the advent 
of large-scale manufacturing to transfer the romance of handi- 
craft into the miracle of what might now be called super-mass 
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production. The term “miracle” will hardly be disputed by 
any one who has visited one of the great automobile-body plants 
and seen the sheet-metal and body-assembly operations. Steel 
is converted from uninteresting piles of dull flat sheets into 500, 
1000, 1500, or 2000 car bodies per day, artistically designed, 
sturdily built, and containing a great deal of sales appeal to 
differentiate the different types of vehicles. 

The sheet-metal part of an automobile, that is the body, 
is sometimes the deciding factor in selecting the family car, 
from the feminine standpoint. While men are inclined to look 
mainly upon the operating characteristics of vehicle, they also 
have an eye to the sheet-metal parts which form the element 
of beauty, and add much to the comfort of a car. Therefore 
sheet-metal operations are the starting point of one of the most 
important factors in the sales of automobiles. 

Management of sheet-metal work in the automobile-body 
shop calls for unusual ability in the two major phases of manu- 
facturing, material control, and material handling. Those two 
elements are of outstanding importance. There are. three fac- 
tors in these two phases of manufacturing which must be co- 
ordinated. They are personnel, mechanical equipment, and the 
physical materials for forming the parts. Upon the synchroniza- 
tion of processes in sheet-metal departments, all the subsequent 
body-assembling and finishing operations are dependent. 

One of the large body manufacturing plants has reduced its 
cushion stock to a quantity four hours ahead of its actual pro- 
duction needs, which is a very close margin. A breakdown or 
complication of less than half a day will shut down not only the 
body operations, but also beyond that, the final car assembly 
in the automobile plant. Failure of the correct parts to arrive 
at the point in the body line at the same time as the assembly 
in which they are to go will throw the whole chain of manu- 
facturing out of function. The body would be almost a loss 
for while it might come off the line, it cannot be completed by 
hand, as has been stated by many of the body manufacturers, 
and it cannot go back directly on the line because it does not 
synchronize with other parts coming along on the various con- 
veyors. Hence it is evident that, in the highly organized plant, 
sheet-metal operations are fundamentally the basis of the manu- 
facturing cycle, and if something fails at the point of origin, 
the whole chain is affected. Small wonder then that, with the 
various types of cars and bodies coming along the assembly 
line in a mixed sequence, the scheduling of production in the 
parts division where the sheet-metal parts are produced, calls 
for organization and administration of the highest order. 

These operations offer a decidedly complex proposition. From 
the management standpoint, the control of materials and schedul- 
ing of operations ranges from the maintaining of a week’s supply, 
in general, of the completed parts ready for body assembly, 
which is the amount maintained in some plants, down to a nor- 
mal cushion of about four-hours’ supply of such parts. Even 
though the plants are dependent upon railroad transportation 
for incoming raw materials in the form of sheet metal, the limits 
of stock are maintained very low. One manufacturer keeps 
a reserve stock sufficient perhaps for from two or three days to 
a week, others are undoubtedly lower than that. 

Time was too short to make a survey of the industry at large, 
to determine the actual high and low limits. If there had been 
opportunity to confer with the various manufacturers to get 
some of these factors of stocks maintained, the time on the pro- 
duction line and similar data, a very interesting comparison 
could have been made, and the results would undoubtedly have 
been astonishing to people in the more “‘leisurely” lines of busi- 
ness, who are accustomed to laying up a stock of different kinds 
of parts sufficient for several weeks or months. 

The general objective in the sheet-metal industry seems to be to 
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use the railroad as a storeroom, and to have metal arrive on the 
day it goes on the press, or as near to that as is practical. The 
economy resulting seems at first to be merely a saving of interest 
on the investment in the material, but after all, the principal 
economy is in conserving floor space for manufacturing opera- 
tions, and reducing material-handling operations considerably. 
Time after time in the automotive industry, and working back 
into the sheet-metal plants of the industry, it is found that in- 
creased output has been obtained in the same floor space and 
sometimes in less floor space. The saving that can be made 
when good management is applied to material control in this 
field is quite remarkable. 

The next point for consideration is the shop layout. Older 
shops were organized around the idea of grouping equipment 
according to its nature. Shears would be placed in one group 
forming presses in the second, trimming presses or saws in the 
third, equipment for small parts in the fourth, and so on through- 
out the range of the machinery used. This is the plan that put 
much “handling” into material handling. At each machine 
there was a cushion of unfinished work, and a stock of completed 
parts entailing wasted floor space and lost motion. The operat- 
ing executives of a railroad have no sympathy with the unneces- 
sary stopping of a train. If a train is stopped because of me- 
chanical failure or a breakdown of the system the train crew have 
to explain why. Every railroad man recognizes that slowing 
down and accelerating again take power, cause extra wear, and 
expend considerable energy. The brakeman has to go out and 
flag the following train. The occupancy of the block on the 
railroad holds back trains which follow. It requires brain power 
to get travel under way again. Everything along the whole 
section may be involved. The failure or breakdown stands 
out because it is out in the open. Everybody knows that when 
a railroad train is stopped between stations, there is a lot of 
commotion. 

Now what about the industrial plant? The same applies there. 
If the plant layout and the service facilities are not such that 
work can be kept flowing smoothly, money is lost. But the 
loss is concealed, and the executive may not know that anti- 
-quated methods and lack of adequate equipment are depriving 
him of profits. A trip through one of the modern sheet-metal 
plants in the Detroit district is a splendid object lesson in layout 
to the man who says, “this cannot be done in my industry.” 
Nothing has ever come up yet that cannot be done. 

The general scheme now followed in the layout of sheet-metal 
plants is to have the railroad cars come in as near to the presses 
or shears as is possible, either just outside the building, or in 
some cases right within the building. Then sheet metal can be 
unloaded from the box cars, and be stored adjacent to the equip- 
ment on which it is to be fabricated. If it must be cut it is 
stored near the shears, or if it is furnished to correct size, it can 
be stored adjacent to the presses. It usually does not stay there 
long, however, for it is placed there just about the time it is 
scheduled to go on the presses. 

Overhead cranes are used for handling the stacks of sheet 
metal if the siding is within the building, or electric lift trucks 
if the siding is without the building. One company facilitates 
the unloading by means of a special hoist mounted on a frame 
which is run into the car and straddles the stacks of steel. A 
lift truck then places a platform underneath the stack of metal 
thus elevated and carries it to the press department. Other 


-concerns use special types of electric trucks equipped with arms 
or cable attachments for the unloading. All companies are fast 
abandoning the hand method of unloading by single piece and 
stacking them on platforms or trucks. 

If inspection of sheets is necessary, they can be looked over 
as they are put on the presses. If the men who run the presses 


are efficient they can detect anything that may be wrong with 
the sheet steel without putting it through a separate inspection 
process. 

Another factor that enters into the handling is that of safety. 
There is probably nothing more dangerous to handle than sheet 
steel. If a pile starts to slide and a man is in the way he is sure 
to be injured badly. Consequently, any mechanical method 
of handling sheet steel is a big advance toward safety. One 
of the large automobile companies has cut its handling cost 40 
per cent by adopting mechanical means of handling sheet steel 
instead of hand methods, and also practically eliminated acci- 
dents, which previously had been costing a considerable sum of 
money. 

In sheet-metal plants, the various shears and forming and 
trimming presses are now laid out according to the sequence 
of operations, starting with the unloading of the sheet metal. 
This sequence is laid out for each individual part. Of course, 
the sheet-metal plant and automotive plant have an advantage 
in the fact that they are producing in large volume, and can lay 
out this heavy equipment to suit conditions that will remain 
permanent within a certain range for a considerable period. 
The work is not miscellaneous, it is standardized, and goes 
through in large volume. Consequently a layout of this nature 
is very efficient, in fact, it is the only successful way to operate. 
Plants that today still have the old-fashioned method of layout 
are fast abandoning it. In Detroit there are several concerns 
engaged in sheet-metal work where the newer method is followed. 
The presses, shears, and machines are almost up against one 
another, and appear like a closely grown forest. But when 
close to them, one sees what is going on, and discovers why 
this method is efficient. 

In one fender plant the original sheet is delivered from the 
railroad cars to the presses by lift trucks. Dies are put on and 
taken off the presses by an overhead crane. It seems to be the 
practice now to construct the press and shear divisions of plants 
high enough so they can be served by overhead traveling cranes. 
These cranes put the dies on and take them off the presses, and also 
handle the sheet steel from place to place where temporary stor- 
age is necessary. A great many concerns are adopting die- 
storage methods. One concern has a plant with overhead 
galleries so the cranes take the dies from the main floor and 
put them on the galleries, and when they are required for the 
presses, they are taken by the crane, lowered down, and put on 
the presses again. 

Other concerns use electric lift trucks for that purpose. The 
lift truck has an elevating platform that can come up to a con- 
venient height so that the dies can be pulled off the machine by 
a table attachment, put on the truck, taken to the storageroom, 
the truck platform raised to the height of the shelf, and then 
the dies can be shoved off on to the shelf. Larger dies are han- 
dled probably by overhead electric traveling crane. 

Fenders go through a sequence of operations, each on a dif- 
ferent machine, all machines being adjacent to each other in a 
series, so that the finished part from one press becomes the ma- 
terial for the next press. Practically all handling is eliminated 
except the little extra motion that may be required to take the 
part off one machine and swing it a little further over so it can 
be picked up for the next machine. 

This method keeps equipment away from these places, and 
the whole floor space is occupied in production. No room is 
required for a great amount of storage or for material-handling 
equipment. Machines abut almost up against one another. 
The part after it goes through the first two operations turns at 
right angles, goes back one side, reaches a storage point, and then 
travels back along a side bay parallel to its original line of mo- 
tion, but in the reverse direction. That is, it comes into the 
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main bay for three or four machines, is diverted into the side 
bay for another operation, stops temporarily at a cushion stor- 
age space, and travels on a slot conveyor down a section of the 
side bay for the other operations. Each man in this side bay 
receives his material from the conveyor as it comes along, takes 
the part off, processes it, restores it to the conveyor, and it be- 
comes a part for the next man to handle. 

The general operations performed are first to hand bend in 
a jig and a frame beside the first press the two ends of the sheet 
which is to form the fender. While in the first press the running 
board is trimmed, the flange redrawn, and then the part goes 
into the bay where the apron flange is trimmed, pierced, and the 
fender is put in temporary storage. The next processes are 
marking or shearing, placing on the slot conveyor, trimming with 
rotary shears, hand buffing the corners, shaping on power ham- 
mers, spot welding the apron, welding on reinforcements, run- 
ning in the wire along the rim, straightening the head, putting 
the bead on the fender, spot welding on the small apron and 
running board reinforcement, running a gage hole in the fen- 
der, hammering out distortions, polishing off the rough spots, and 
putting the fenders on an overhead chain conveyer. 

Up to this point the fenders are on a slot conveyor running 
right down the department with machines on both sides, men 
doing the work, and then putting the fenders back on the con- 
veyor, the next fellow grabbing it for the next operation. When 
finished, they are put on an overhead chain conveyor, spray 
painted with an anti-rust compound, and stacked in special 
racks for lift-truck handling. In the big lift-truck racks they 
are taken to a conveyor which delivers them to the yard. Several 
racks are placed on a conveyor by an overhead crane, and then 
they are taken for the further operation of dipping, baking, and 
putting on the cars. Each part goes through a similar sequence 
of operation. There may be 20 machines used for processing 
a certain sheet-metal part. The first man does his work, passes 
it on to the next man, and the next man does his work and passes 
it down the line. The manufacture of cowls, door frames, door 
sills, and all main parts, is conducted under a similar plan. 
Sometimes it is necessary to carry out a certain press operation 
in three stages. Certain operations such as cutting a hole and 
then perhaps enlarging it, etc. cannot all be done on one press, 
but the general scheme is to pass the work from man to man. 

If parts are big, several may be collected at a point and then 
be moved over, but quite often the individual part is passed 
over. If something happens at one point in the line to cause a 
delay, there will be a little cushion stock piled at that point, 
and the man will have to speed up a little. If there is a bad 
delay at one point the whole line is shut off. That is bad in 
one respect because it has elements of danger, but the fact that 
there is a chance for the production line to be interrupted re- 
acts to make certain that production is seldom stopped. Parts 
that go into a sub-assembly are delivered to the point where the 
operation is started usually on overhead chain conveyors. There 
are all sorts of hooks supported from these trolleys, and the 
various parts are hung on them in the correct manner so that 
parts always come to a man in the same way. 

In some industries the chain may cover two or more loading 
stations so that one part is put on at one point and a second at 
another. When the material arrives at the sub-assembly point 
the workman there has the group to work on. Small parts are 
often made more economically in huge lots, and consequently 
small parts are kept separate in a great many plants. They 
may be produced in lots of 50,000 or 100,000. They do not re- 
quire much storage space, are produced very rapidly, and pro- 
duction costs are kept low. 

The main items keep flowing through the plant day after 
day, and in that respect perhaps the automobile industry has 
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a little advantage over some others where the products are not 
standardized so highly. 

In manufacturing sheet-metal products, considerable scrap 
collects. In some operations this scrap is small and has no 
utilitarian value aside from its scrap value. The general cus- 
tom seems to be to put containers at the various presses, and 
the throw off from the press goes into these containers. They 
are practically all arranged for lift-truck handling, some are also 
equipped with side members so that overhead cranes can pick 
them up. When a container is loaded, the truck or the crane, 
as the case may be, comes along, picks it up, and takes it to the 
baling station. Other scrap may have sections that are quite 
large. The sheet may be cut to rectangular shape for use or 
there may be a corner of quite considerable size left. Concerns 
can afford to segregate that type of scrap into separate containers. 
In one plant these containers are taken to the scrap division 
where there is a series of small presses. The material that 
comes off of each press has a definite use. It may be a corner, 
and a small part may be pressed out and bent into shape to form 
a reinforcing member on a fender or something of that charac- 
ter. Larger pieces, such as the holes for windows in doors, may 
be cut into specially shaped strips to make a dozen pieces of 
good material out of this piece which was originally scrap. 

Trouble is avoided by separating the scrap and putting into 
separate containers at the machines, so that it can be moved 
by lift trucks to smaller presses or to the scrap department, and 
be handled without further sorting. Each piece has its own 
special use worked out beforehand for economical application 
of the material. Consequently there is no question about where 
each part goes and no question about any loss. Small scrap is 
loaded into containers, and dumped on the floor where it is 
racked into a big hopper, which throws it over into the baler. 
After baling it is thrown into the yard through a chute, and 
is taken up by magnet cranes or by a locomotive crane, and is 
loaded into the railroad cars for shipment back to the steel mills. 


OPERATIONS 


Building of automobile bodies seems to group conveniently 
into three main classes which can be located on as many different 
floors of a multi-story building, and can be tied together by trans- 
fer of bodies from floor to floor. Sub-assembly work from the 
individual sheet-metal parts is done in one division, assembly 
of the body, which is putting the sub-assemblies together and 
riveting or welding is done in another, and finally the cleaning 
and painting which takes up considerable space is concentrated 
in a third. 

Equipment is not grouped by classes as in some other shops, 
but according to sequence of operations. 

Bodies can be divided into three general classes, one where 
the frame is largely of wood, another where the frame and the 
sheet-metal enclosure is of steel to a large extent, and is riveted 
together, and another type where the frame and parts are steel, 
and where welding is used to a large extent in assembling. One 
plant making bodies on wood frames secures its wood parts 
from a factory in another locality. This particular plant is 
laid out so that lumber is delivered in railroad cars at one side, 
is dried, and then put through various manufacturing lines. 
Each of those lines has its machines arranged in sequence, and 
as far as possible equipment for material handling is omitted. 
Machines are located so that the finished part from one machine 
becomes a new part to go on the machine for the next operation. 
Handling operations have been eliminated to as great an extent 
as possible. At the ends of the lines on the other side of the 
plant, finished parts come out, are packed on railroad cars, and 
sent to the plant in Detroit for assembly. 

Parts are assembled on jigs and finally built into the general 
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frame itself. The frame is put on a truck, upon which it stays 
all through the various operations until the body is completed. 
The first of the sheet-metal parts added is the back. It is as- 
sembled from three parts, which are welded in an automatic 
jig, the parts are placed in the jig and welding is performed in 
one operation. The front section is then added. That has 
previously been fabricated in the sheet-metal shop, and the two 
parts composing it are hung on the same conveyor at two dif- 
ferent loading stations. The ventilators are attached and other 
operations are performed on the sub-assembly, and then it is 
carried to the car for assembly. The doors are framed in, hung, 
and then the interior of the car is finished. 

Interior finishing commences with the cutting of the cloth. 
This is done in layers by knives which cut the several layers 
after the cloth is marked out with templates. The work in- 
cludes the top upholstery for the side panels, and the upholstery for 
the cushions and backs. Parts are handled in different plants 
in various ways. 

In one plant belt conveyors are used to deliver the cloth as 
cut to the sewing machines. Each operator performs his part 
of the operation, lays his part on the belt, and it goes to the 
next operation. The panels for the sides have to have cardboard 
fastened in them for strength, the tops which are tacked on the 
wood struts and roof have strips of cloth sewed on them on the 
side, so the tacking can be done against the upper part of the 
car, but not show through when the car is finished. For this 
purpose rotary sewing machines are used so the stitching is in- 
visible. These tops are marked off on the part that is upper- 
most by means of chalk, so that the operator knows where to 
locate this cloth which is sewed on for tacking the top into the 
car. 

The padding for the top and seats is composed of cotton lin- 
ters run on to a burlap backing. The cotton backing is dropped 
on the burlap in even layers as it is carried on the conveyor. 
After pressing and sewing in place, rolls are made up and de- 
livered to the cutting department, where they are cut to various 
sizes and shapes for the different cushions. 

The trim around the doors, etc., is processed in a similar man- 
ner. Some cars use leatherette which is wrapped in the form 
of a bead or strip. This is wound on reels and delivered to the 
assembly line. Parts are prepared in the cutting department, 
are inspected, folded, and placed on racks in some plants for de- 
livery to the assembly line. In other plants chain conveyors 
run through the store room, and the parts for each car are put 
together and delivered on this chain conveyor to the correct 
point in the body-assembly line. The manufacture of cushions 
is a very interesting process. The parts are cut in the cloth 
department and are sewed there, the frames of wood are mounted 
on them in the cushion-assembly department, the steel springs 
are fastened in place. In order to get the cloth on and have 
it stay in place, the springs are compressed so that the spring 
will be down during the process of assembly, and then will work 
out against the cloth and hold the back or cushion tight. 

In one plant individual presses are used for this purpose. 
The presses have a fixture shaped to the particular cushion or 
back, and the press comes down and compresses the spring dur- 
ing the process of fastening the cushion material in place around 
the edges. One plant uses clips for this purpose with a special 
tool, and at another they tack the cushion down around the 
wooden frame. Another type of installation used for mak- 
ing cushions approaches the material-handling proposition as 
well as being a machine for assembling. It is composed of a 
number of frames that look like table tops each with four wheels, 
one at each corner of the frame. Cushions are put on these 
and travel along a conveyor line under a series of rollers, which 
keep them compressed, and the assembly work is performed 


on the line. When cushions reached the far end they are com- 
pleted, taken off, and put into trays for delivery to another 
point. 

The frame itself drops down without inverting to the bottom 
of the machine, and is conveyed along the lower level back to 
the beginning of operations again. This brings cushion manu- 
facturing into the class of assembly on the move. 

Another plant in assembling bodies, instead of having a com- 
plete truck upon which the bodies are assembled, uses two struts, 
each having a castor at each end. One of these is fastened at 
each end to the body which is located accurately by means of 
jigs. These carriers stay with the body until it reaches the 
final delivery point, and then they are taken off, and as they 
are very compact they can be easily sent back to the point where 
body assembly starts again. In assembling the body, it is very 
necessary to have the work done accurately, consequently the 
assembly is done on jigs. Sub-assemblies are built up on jigs, 
and then as the various other parts are added, it is necessary 
to use gages so that they will fit accurately. 

Manufacturers take great pride in the fact that cars can be 
put together with practically no rejection of parts. Everything 
seems to be made very carefully, and the assembly work is done 
by means of these jigs so everything will go together, and when 
the car is completed no adjustments are necessary to make a 
perfect fit. 

Parts must be scheduled so that they arrive at the proper 
point on the assembly line at the proper time and are ready 
for installation in the car. In some plants a stock is kept on hand 
of parts that go together in the car, but the stock is not very 
large, there is not very much of a cushion there. In one par- 
ticular plant the man in charge of the stock receives a schedule 
of cars to be timed out about one month in advance. Stocks 
of materials are checked to find out whether sufficient are on 
hand to complete the number and variety of cars required the 
coming month. Parts necessary are ordered from other plants 
to complete the manufacturing schedule. 

As the cars are put through during the month, stock movers 
transfer the material from the main points around the plant 
where it is either in process of manufacture, or if it comes from 
outside, from the temporary storeroom. These stock handlers 
watch the assembly line and supply the parts needed. _Many 
plants are producing a greatly increased number of cars over 
the capacity of the plant at the beginning. One plant that was 
designed to produce about 200 bodies or cars a day now is pro- 
ducing around 2000. That means that everything must be 
very carefully coordinated so that no mistakes are made. 

When there were very few types of bodies and very highly 
standardized design in a plant, the proposition was not so intri- 
cate, but today with many different types of bodies, and the 
fact that so many of each kind must be produced each day, 
the problem becomes more involved. Color combinations are 
almost endless, and where each different type of car has a half 
dozen different color combinations, an intricate proposition is 
before the manufacturer to keep operations tied together. Some 
plants have found it necessary to have a very highly organized 
production-control system, in which the various units keep 
in touch with each other over the telephone or telautograph, 
and keep constantly checking up so that they are certain that 
the parts made for each body arrive at a certain point at the 
desired time, and that everything is progressing as laid out nor- 
mally. 

Different manufacturers have adopted different makes and 
types of conveyors for body assembling. One manufacturer 
assembles bodies on slot conveyors. At other places the chain- 
driven conveyor is used with dogs to pull the car along as the 
wheels of the truck carry the body. In some cases the wheels 
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run on ‘‘V”’ carriers, in other cases in channels. After the bodies 
are assembled they must go through the painting and finishing 
operations. One plant follows the procedure of pre-priming 
the parts before they go into the assembly in certain cases. Other 
plants complete the assembly before any painting is done. The 
first job in the painting is to put on the priming coat which is 
then dried, and then another priming coat or glaze is applied, 
and then after that the various finishing coats are sprayed on. 
Spray painting is universal. After the painting operation, it 
is necessary to rub down the car to take off rough places, and to 
make sure that the coat is smoothed down so the next coat will 
go on and make a smooth layer. 

Conveyors used may be the floor type, in which case the men 
have to climb around the cars in order to get at the various 
places where they are rubbing them down, and they work elbow 
to elbow on that job and very fast. One manufacturer has 
taken out a floor conveyor, and has put in an overhead chain 
conveyor for that purpose. The bodies are then slung from 
above. <A curbing is installed around that section of the floor, 
and the men are provided with booths so they can get in and 
out at any point without interference from the conveyor, and 
perhaps do the work quite a bit better and certainly more con- 
veniently. 

After the bodies are finally finished they are delivered in some 
plants directly to the chassis, in other plants where bodies only 
are manufactured, or where the body plant is located at a dif- 
ferent point than the assembly plant, they have to be conveyed 
on trucks. 

The proposition from the management angle becomes one of 
a very highly organized procedure to make sure that everything 
is adequate. It is necessary, first of all to have things arrive 
on time for assembly, but at the same time it is necessary to 
hold stocks down to a minimum, and to avoid cushion stocks 
wherever possible. One manufacturer has units produced about 
four hours ahead of their requirements on the final chassis as- 
sembly line. If something went wrong on the long line any- 
where, it would tie up not only the body production in the case 
of the manufacturer who is making bodies and turning out com- 
pleted cars, but also it would hold up the turning out of the 
completed car. 

Every type of material-handling equipment is used in the 
automobile plant. In the body plants there are several types 
of conveyors, hoists, and elevators. Material-handling equip- 
ment which is not automatic is also used. This consists of 
little cars upon which the automobiles are assembled. 

There has been developed recently a piece of automatic equip- 
ment which has cut down the time of striping and increased the 
quality. It is called the Packard brush. It is a device like a 
rolling pin, consisting of a wheel and a spring set back of it to 
open and shut off the flow of paint. The paint runs down the 
rolling pin, and little guide wheels are set at any desired distance 
from the pin point. An unskilled operator with a little prac- 
tice can do the striping on the cars, and the only operation which 
it is necessary to perform by hand is to turn certain corners 
where the brush cannot reach very well, or the pin cannot reach 
very well. Retouching takes only one skilled man on the line 
whereas half a dozen were required before to do that. striping. 


Discussion 


N. H. Presuz. The problem of handling the scrap in the 
sheet-metal shops is most difficult to solve from the handlingman’s 
standpoint. Both loose sheet and baled scrap are handled. 
The handling of baled scrap cannot always be taken care of by 
a crane and magnet, which is a very simple means on account 
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of the time element. In some of the largest shops, two balers 
are required working constantly to handle the scrap, and bales 
may be turned out at a rate as high as one a minute. They 
are taken and put directly into the cars, and provision is neces- 
sary for getting a loaded car out and an empty car in as soon 
as possible. Of course this loading is done into gondola cars. 
The problem of handling bales is further complicated because 
the bales are not uniform. 

The size of the bale of one of these compression balers de- 
pends a great deal upon the nature, shape, and size of the pieces 
being baled. Scrap includes both small pieces and rejected 
material. For instance an entire cowl may be put into the 
baler at once, or there may be bales of small pieces, very com- 
pact, and weighing five, six, or even seven hundred pounds. 
A bale of large parts is smaller in diameter and being made up 
of a small number of large pieces, has a good deal of air space 
in it, so it is a light piece to handle. 

In addition there are loose edges, fins, and whiskers, so that 
the problems of scrap-material handling are very difficult. The 
nature of the conveyor to handle these bales from the baler to 
the car will depend a good deal upon the layout. With a very 
simple layout a simple type of apron conveyor running from the 
discharge end of the baler directly into the car is possible, or 
there may be conditions where it is necessary to go around a 
right-angle corner, or to load cars on two different tracks. Each 
individual case has to be attacked as a problem in itself, but 
the continuous conveyor in any plant where one or more balers 
are used to their capacity is practically a necessity. There is 
no other means of getting the bales away fast enough to keep 
the floor clear. 

In getting the loose scrap to the baler, there is another prob- 
lem. Of course it represents considerable bulk but it is very 
awkward stuff to handle. It is sharp so it cannot be handled 
by hand. A man will cut himself very easily. In trimming 
operations the stampings are trimmed around the edges, and 
there are long ribbons that will curl up into all sorts of shapes, 
in addition to the direct pieces from the stamping operation. 
The most common method used is the one already described 
of tossing the scrap into trucks or boxes on trucks, and carrying 
them by trailers or some other means to the hopper of the baler. 
Some of the more recent layouts, however, have provided for 
conveyors which have been buried in the floor, which run along- 
side the presses or trimming saws, and the scrap is dumped di- 
rectly into these conveyors and carried by the conveyors to the 
balers. The conveyor is either a belt conveyor or preferably 
a steel apron. 

One of the newest layouts in Detroit provides for two belt 
conveyors running adjacent to the trimming saws that discharge 
into a cross steel-apron conveyor, which in turn discharges to 
the baler pit. The layout to provide for such a conveyor is 
rather difficult because the tendency now is toward larger and 
larger presses. Body sheets which used to be made in two, 
three or four pieces with the joint concealed by some form ot 
molding, are now being made up in one piece. It may come 
out as one piece from the press or may be made into one piece 
by welding, but the tendency all the way through in the body 
shop is to enlarge the presses. There are presses 30 ft. high, 
and buried under the ground will be another 25 ft. that cannot 
be seen. This consists of foundations and toggles operating 
underneath. That, of course, complicates layout conditions, 
because along with these big presses there are smaller machines 
for trimming operations. The foundations take so much room 
that the conveyors cannot run directly underneath. It is a 
big layout problem, but the tendency is more and more to put 
in conveyors to handle the loose stuff to as great an extent as 
possible even though it is not 100 per cent. 
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One of the largest users of body sheets is having them shipped 
in open cars. Offhand that seems a little strange, because a 
body sheet has to be of the very highest grade of sheet steel, 
and cannot be mutilated in any way by the action of the weather, 
but experiments over a period of about two years now have 
shown that if the material is bundled properly at the mill and 
is properly protected by water-proof paper, it can be loaded into 
an open gondola car. This makes it possible to unload with 
an overhead crane in the bundle, and not break it up until it 
gets to the storage. No inspection is made in the storage de- 
partment, all inspections being made at the press itself. This 
simplifies the handling of the incoming material over what is 
necessary in the box car. When this method of bundling was 
first started it was expected that during the winter time when 
the shipments would be exposed to snow and ice they would 
have to be shipped in box cars, but during the past year the 
majority of the shipments have come in open gondola cars. 
The entire bundle is picked up by the overhead crane with a 
sort of elongated ice tong which grabs hold under each side of 
the bundle, the bundle being set up in the beginning on skids 
sufficiently off the floor for the tong to get under the bundle. 
Finished material is ordinarily handled overhead with some 
type of belt conveyor where the piece goes from one operation 
to another on the floor. 

In one plant a battery of floor conveyors handles the bodies 
on trucks. The chassis of the trucks are of the swivel type, 
one side operating in a channel as a guide, the other side on a 
plate, and with a chain running through with dogs at intervals 
which contact with the cross bar of the truck. 

The body frame is put on these trucks immediately after it 
is taken out of the assembling jig, and all of the panel work, 
painting, trimming, and further operations are done on that 
same truck, so the frame does not leave it until the body is en- 
tirely completed. These trucks are ordinarily made somewhat 
longer than the body, so that when they are off the line they 
serve as a protection from any other trucks bumping into them, 
and are frequently made with a platform on both ends on which 
the men stand for the rubbing operations on the front or back. 

Individual-drive units are used with each of these lines, the 
units being equipped with a varying-speed transmission so that 
the speed can be varied as required. A type of construction 
with the chain running flat in a channel can only be put in on 
a straight line or with a very large radius curve. A different 
construction has the chain running with the pins vertical, be- 
tween two angle tracks on the side. This is equipped with a 
collapsible dog so a line can be carried around turns on the floor 
or can make a U-shaped bend and come back to the point of 
starting. It can also curve up and down so as to raise the line 
points as required. 

Certain layouts are sometimes more convenient than others. 
For instance, in a certain single-story plant, there is only one 
chain all the way through. The body goes on at the start of 
the conveyor and stays on through all of the paneling, painting, 
drying, and filling operations, and comes off the end of the con- 
veyor as a completed body. The line is approximately 4000 
ft. long. This saves all labor in transferring from one line to 
another, and also facilitates, to a certain extent, the production 
control. 

The line is driven at four points using the multiple-driving 
principle already described. In a sense, it is an overhead con- 
veyor laid down on the floor. It goes around turns by guiding 
the chain with a series of rollers. The same general construc- 
tion is used in the overhead-trolley conveyor, but ordinarily 
of course of much larger radius. It is sometimes desirable to 
load or unload the body on to and off of the conveyor at more 
than one point, in which case it is desirable to carry the chain 


with its dogs along one side, and push against one corner of the 
truck. Then by altering the shape of the track at the point 


‘where the bodies are taken off, and by simply using a '/;in. bar 


in place of a channel, the chassis can be pulled over the bar, 
and the jobs taken off to the side and put back on at any point. 
This is frequently done on inspection lines where the majority 
of the bodies will continue on through, but where a body 
requires some touch-up work it must be pulled off, worked on, 
and then put back on the line again. 

For oven work or for storage, where continuous movement 
is not required, a simple pusher is sometimes used at the end 
of the line, which pushes the trucks one against the other, along 
the line, the movment occurring only when a body is put on. 
A storage bank in one of the car plants where the cars are stored 
after being received from the body builder provides for only 
about halfaday’srun. An air cylinder is set in the floor with the 
end of the piston connected to a cross head which carries a collap- 
sible dog. The operator brings a truck up and pushes it on 
until the dog is engaged with the cross bar. He steps on the 
air lever, and the piston then moves forward one stroke push- 
ing the entire line that distance, and automatically returns to 
the starting point. In place of air it is also feasible to use a 
small section of chain conveyor about 12 ft. long which will 
operate continuously, and as soon as a body is placed, the con- 
veyor will move it forward the length of the line and in turn 
push the bodies ahead. That, of course, is not feasible on a 
production operation, it would only work out in storage or in 
a multi-line oven. 

The chief advantage is the initial cost of the installation which 
is considerably lower than a continuous chain. Where the 
body is built and returns on trucks, the problem of returning the 
empty truck is sometimes quite a severe one. The final point 
of shipment of the body might be at the other end of the plant 
from the beginning, and in that case conveyors are frequently 
installed for the purpose of returning the empty trucks. 

A lowerator is used for lowering the bodies in one instance 
from the sixth floor to the shipping dock. It is nothing more 
than a modification of the tray elevator principle. The body 
is pushed out on its trucks on slides or guides standing out over 
the elevator, a tray comes along and picks it up, moves it over, 
comes down, and then swings it back to the unloading arms. 
It is possible to arrange these lowerators so that they can dis- 
charge at any one of a number of floors as is desired. The 
operation is very much faster, and the elevator requires consider- 
ably less operators and is less expensive to install in the beginning 
than a high-speed freight elevator. 

When the body is received at the car-building plant, it usually 
or frequently comes in on trailers without the body dolly or truck 
on which it has been built. The car manufacturer has to install 
a number of parts, such as speedometer, instruments, dash lights, 
etc. Frequently also he puts on the rear fenders before the car 
is put on the chassis assembly line. A conveyor is used to handle 
the bodies during those operations, and consists of two strands 
of chain with steel fixtures on which the bodies are carried, the 
return chain passing through on the ceiling below. 

A hand-operated crane is used for loading the bodies to and 
also for taking them off of this conveyor. It has a little hand- 
push frame, and on the back of the frame is attached an air 
cylinder which moves arms and lifts the body sufficiently to 
drop it on or take it off. The operators claim they save at each 
loading and unloading point eight men by the use of the very 
simple crane device which cost in the neighborhood of $900. 


Frank J. Suupe.® Operations in body building, such as the 
forming of the back, side panels, and the doors are carried on 


® Detroit, Mich. 
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MATERIALS HANDLING 


from press to press. Each piece is handled separately and han- 
dled to another operator. At certein points along the operation, 
these are segregated into groups, and in order to carry this ma- 
terial to certain sub-assemblies, after the material is pressed 
and in such shape that it is ready for assembly, it is hung on 
overhead conveyors. These deliver to a central plant where 
the parts are removed from these conveyors, and are set on flat 
conveyors, which take them to the sub-assemblies. Doors, 
side panels, and the back panels are a separate assembly, and 
after the assemblies are made they are ready for the main as- 
sembly line, and are again put on overhead conveyors which 
carry them. 

In a building that is over one story high the sub-assembly is 
put on overhead conveyors and carried to the first, second, third, 
or fourth floors, where they come along the assembly line for the 
body building. The assembly conveyors for the body building 
are usually started at the front of the building and carry right 
through to the far end. These sub-assemblies come on overhead 
conveyors, and all the operators have to do is reach up and take 
the parts off the overhead lines and set them on the jigs. The 
operation continues as it goes down the line, thus making a con- 
tinuous operation until the body is finally built. On the over- 
head conveyors there is a peculiar arrangement of hooks in a 
good many cases. The hooks are made more or less universal 
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so three or four different parts can be hung on the same set of 
hooks and not confuse the operators, as they have different 
parts coming along on the same line of conveyor. 


K. W. Srititman.? A few metal-working plants in the auto- 
mobile industry have gone a little bit further in moving material 
from press to press than the plant which Mr. Hagemann out- 
lined. Of course in large press work, it probably requires two 
men to put the sheet in the press, and it may require a man or 
two at the rear of the press to adjust the sheet. In that case 
it is quite often true that he has extra time in which to take 
the pressed piece out and pass it to the press man at the next 
press. But in one new shop where rather small pieces are han- 
dled conveyors are installed between presses, and there is only 
one operator to each press. After the forming work or calk- 
ing work is done, the operator pries out the piece and gives it 
a shove onto a roller conveyor, and the press man in the next 
press takes it. The conveyor is built right on the press, there 
is no handling. 

In these operations the presses are arranged so the piece is 
always in the same position. The operators have nothing to 
do except to give the piece a little push and adjust it possibly 
in the die, and when it gets through they push it to the next 
operation. 


Automotive Assembly Handling and Control 


After Detail Parts Are Made There Still Remains the Problem of Assembling the Complete 
Product—Conveyor Systems and Control to Assure the Desired Output Are Discussed in 
the Following Three Papers 


Materials Handling in 
General Assembly 
By GORDON LE FEBVRE,! PONTIAC, MICH. 


In assembly work sufficient parts must be provided at the proper 
time and place. The conveyor systems for accomplishing this at 
the Oakland plant are described by the author. A major manu- 
facturing schedule is based on the forecast of sales. Monthly manu- 
facturing schedules are made up for the large units, and a daily 
schedule provides for immediate requirements. The policy of the 
Oakland Motor Company is to use the most modern types of ma- 
terials-handling equipment. 


is one of the biggest and most important functions of 
management. Without this control chaos would reign 
supreme. The primary function of any material-control and 
handling system used in assembly work is to provide the neces- 
sary parts at the proper time and place. Before details of the 
control and handling problem can be worked out it is necessary 
to decide on a plan of scheduling. Any plan which contemplates 
volume handling without excessive inventory must be efficient 
and flexible. 
Most modern plants have discarded the old method of feeding 
finished parts into a stockroom, and from there to the assembly 


! Vice-President of Operations, Oakland Motor Co., Pontiac, 
Mich. Mem. A.S.M.E. 

Presented at the Management and Materials-Handling Meeting 
of the A.S.M.E. at Detroit, Mich., May 1 to 3, 1929. 

Nore: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 


Orr the flow of materials through a factory 


lines. Present practice is to have the finished parts feed directly 
from the machine line or sub-assembly line to the point where 
they are assembled to the larger unit with as small a float as is 
consistent with the nature of the parts, and the method of 


Tue CxHassis-Converor Hump ALLows MoveMENT OF STockK 
Witsovut Gornc Arounp Enp oF LINES AND PROVIDES FoR As- 
SEMBLY OF SHEET METAL ON SEcOND FLOOR 


fabrication. This requires that considerable thought be given 
to the layout of the plant. 
At the Oakland plant a sales forecast, which is released 90 


7 Associate Editor, Business Week, New York, N. Y. 
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A Motor Conveyor Carnizs Finisupp Morors From tus Motor to Storage Racks on THe Baucony 
oF THE AssEMBLY PLANT 


A Raprator Conveyor TRANSFERS RapiaAToR ASSEMBLIES FRoM THE ASSEMBLY DEPARTMENT TO THE CHASSIS-ASSEMBLY LINES 


MATERIALS HANDLING 


days in advance is the basis for the major manufacturing schedule. 
From this major schedule monthly manufacturing schedules are 
made up for the larger units of the car, such as motors, trans- 
missions, axles, bodies, ete. These monthly schedules also 


A Convevor Moves Biocks From OnE 
TO ANOTHER 


THese Conveyors TAKE WHEEL-AND-TIRE ASSEMBLIES FROM THE 
ASSEMBLY DEPARTMENT IN THE BASEMENT TO THE CHASSIS- 
ASSEMBLY LINES 


include the items that are furnished other General Motors’ 


units. The next step in the scheduling plan is the daily schedule. 


A daily schedule is necessary for the following reasons: 


1 Various models and equipment are requested by the sales 
department. 
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2 There are deviations from the schedule of bodies furnished 
by the Fisher plants. 

3 There are unavoidable factory hold-ups of parts peculiar 
to certain models. 


This plan of scheduling is flexible enough to allow uninter- 
rupted production under any but the most unfavorable conditions. 
With the proper schedule available, the materials-handling 
system resolves itself into the problem of supplying the materials 
in the necessary quantities, at the proper times and places, with 
the least. expense, and smallest possible inventory. 

The question of inventory has long been a sore spot in industry. 
It is the belief that although investment in working capital tied 


Tue Rear-Axvie Lier Takes From THE Dock To Strorace 
NEAR THE ASSEMBLY DEPARTMENT ON THE BALCONY 


up in work in process is 20 per cent or 30 per cent lower than it 
was a few years back, it may still be reduced considerably by 
further application of what has been learned about material 
control, and handling in the last few years. In the Oakland 
plant the inventory has been reduced to a fairly satisfactory 
figure hy storing material in bays along the assembly lines, as 
near as possible to the point where it is used. This eliminates 
the necessity of double handling as well as the necessity for 
keeping a stock record in the factory. 

It is the practice to operate with a three- and six-day bank of 
material. This requires a close follow-up of over 7000 different. 
parts, and a high degree of cooperation between the material- 
planning department, the purchasing department, and the 
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traffic department, to assure a three-days’ supply of material 
on hand, and if a part is placed on shortage, to see that. it is 
given preference in transit as well as when received at the plant. 

Proper scheduling of such items as bare, enameled, painted, 
and plated sheet-metal parts is a vital item from the standpoint 
not only of money tied up, but also of losses due to the digs 
and scratches that are always to be contended with wherever 
these parts are stored. _When the questions of schedules and 
inventories have been settled, the problem has narrowed down 
to the actual receiving and handling of the materials in the plant. 

Sub-assemblies are made up as close to the point of use as 


80 carloads of material a day received, and in addition to this 
there are many truck and trailer loads. This amounts to 
total of about 50,000 tons per day. 

Frames are unloaded from box cars by men, and are trucked 
to the lines. Surplus frames are placed in an especially designed 
building by means of a crane that stacks ten frames at a time 
in storage. 

Electric and gasoline lift trucks are used almost exclusively 
in taking material from the docks to the proper place along the 
assembly lines, and from one department to another. Several 
types and sizes of skids are employed. The ordinary flat skid 


Cuassis, Gas-TANK, AND Motor Conveyors 
(The chassis conveyor carries the chassis from the frame assembly to the final car-assembly lines. The gas-tank conveyor carries the tanks from the 
ename! oven to the assembly lines. The motor conveyor carries — from storage racks on the balcony to the electric hoists that drop them 
on to the chassis.) 


practicable. This is done because in most cases, it is easier to 
truck and stock the individual parts than it is to truck and stock 
the completed sub-assembly. 

At the new Oalkand plant all unloading, with the exception 
of bulk foundry supplies, is done under cover. There are 15 
railroad tracks entering the plant that connect directly with a 
main line just outside the property line. Six of these are for 
unloading material, one is for receiving lumber and shipping 
export cases, and the balance are for shipping domestic cars 
to dealers. An electric-line spur and a number of truck docks 
are also used for receiving materials. There are approximately 


is used for cartons, kegs, and for parts that can be piled without 
danger of slipping. Box skids are used for small parts that 
cannot be placed on the flat skids. Box skids full of small parts 
are transferred by means of a crane. A few tractors are used 
for special handling of bulky parts. Special trucks are used 
wherever possible, not only to facilitate handling, but also to 
prevent damage in transit. 

In order to get the maximum efficiency out of lift trucks or 
tractors the layout of aisles must be considered carefully. It 
is necessary to have the aisles of sufficient width, and the turns 
and corners of great enough radius so that there will be no lost 
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MATERIALS HANDLING 


time. Ample headroom is also an important factor, as is the 
absence of steep grades. 

Conveyors of one sort or another have been in use for a number 
of years, but in recent years they have been applied more freely 
and intelligently to production problems. Many different 
kinds and styles of conveyors are used. The question of which 
type of conveyor to use is arrived at only after thorough investi- 
gation of all angles of each individual case. 

Conveyors may be divided into two major classes. Those 
whose only function is to move material from one place to 
another, and those whose function is to move work progressively 
from one work station to another. The first class is in all cases 
independent of human effort. The second class may be either 
in constant or intermittent motion, or the work may be manually 
moved by the workman. The constantly moving conveyor is 
most often used on progressive-assembly work, where its de- 
sirability as a pace setter cannot be denied. On certain kinds 
of inspection work, and such work as body striping it may be 
desirable to have the work pushed along by the workmen. 

At the Oakland plant conveyors are in evidence throughout. 
It is the policy to use every modern aid in material-handling 
problems, and new uses are being found constantly for conveyors. 
The accompanying tabulation shows the types used. 


OAKLAND CONVEYOR INSTALLATIONS 


Chassis assembly —Double-chain type with special saddles, 3 lines, 485 ft. 
long, hp 

Final car assembly—Slat type, 3 lines, 265 ft. long, 10 hp. 

Kody final assemb!y—Double-chain type, 1 line, 165 ft. long, 3 hp.; 1 line 
139 ft. long, 3 hp.; 1 line, 159 ft. long, 3 hp 

Cylinder-block machining—Roller conveyor, 1100 ft. long 

Motor assembly -Double-chain type with special saddles, 525 ft. long, 


p 

Axle assembly — Double-chain type with special saddles, 2 lines, 98 ft. long, 
2 bp 

Transmission assembly——Double-chain type with special saddles, 1 line, 
65 ft. long, 2 hp 

Differential assembly—Double-chain type with special saddles, 1 line, 75 
ft. long, 2 hp. 

Differential conveyor from test booth to axle-assembly line-—Single-chain 
overhead type, 1 line, 675 ft. long, 2 hp. 

Motor conveyor—Single-chain overhead type with special hooks, 1 line, 
1340 ft. long. 5 hp 

Body storage, 20 lines, 580 ft. long, air power 

ry ates conveyor—Single-chain overhead type, 1 line, 2215 tt. long, 
5 hp 

Gear conveyor to heat treat and return (Plant 5)—Single-chain overhead 
type, 1 line, 1140 ft. long, 3 hp 

Hood-spray conveyor—Single-chain overhead type, 2 lines, 800 ft. long. 2 hp. 

conveyor—Single-chain overhead type, 1 line, 350 ft. 
ong, 2 hp. 

Radiator-assembly conveyor—Single-chain overhead type with special 
cradles, 1 line, 420 ft. long, 2 hp. 

Tire- and rim-delivery conveyor—Single-chain overhead type, 1 line, 890 
ft. long, 3 hp. 

Wheel- and tire-assembly conveyor from basement to assembly line— 
Elevator type, 6 lines, 21 ft. elevation, 2 hp. 


Material Routing to the 
Car-Assembly Line 
By L. A. CHURGAY, SR.,? DETROIT, MICH. 


In this paper the author tells how the particular problem of de- 
livering parts to the car-assembly line, that can not be handled ef- 
ficiently by conveyors, is taken care of in the Chrysler plant. The 
quantities of materials to be handled are obtained from the daily 
production schedule. Loads were standardized, and moved at 
regular interoals by jitneys. Requisition sheets for material are 
made up according to specified loads to meet transportation require- 
ments, and are issued to the stock man at pick-up points. A copy 
of the requisition serves as a transportation order for the jitney 
operators. 


? Plant Equipment Engineer, Chrysler Corporation, Detroit, Mich. 

Presented at the Management and Materials-Handling Meeting 
of the A.S.M.E. at Detroit, Mich., May 1 to 3, 1929. 
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by a staff of experienced engineers consideration is given to 

all problems entering into the economical manufacture of the 
finished product. However, in plants built before the period of 
intensive production, the mechanical equipment consisted, with 
few exceptions, of two main conveyors for moving the chassis 
and body in process, all other material being delivered by means 
of gasoline, electric, or hand trucks. It was quickly recognized 
that especially designed conveyors should be installed for the 
inter-departmental delivery of motors, wheels, fenders, goods, 
and other component parts. 

Next, sub-assembly operations were located adjacent to the 
final-assembly line where such arrangement seemed _ practical. 
These sub-assemblies are scheduled to operate in accordance with 
the final assembly-line requirements to prevent the accumulation 
of excess stock. With this arrangement there still remains a 
large amount of material to be delivered which is of such a nature 
that it cannot be handled efficiently on conveyors. 

To work out a definite plan of action it is necessary to know the 
exact amount of material to be handled. For this purpose the 
daily-production schedule of one of the models built at the rate 
of 400 jobs per day is considered. Seven different body types are 
required for both left- and right-hand drive pro-rated as follows: 


I: PLANNING a modern automobile manufacturing plant 


Percentage 


Left hand Right hand 

Roadster . . 6.25 1.5 
Touring... . 1.75 1.5 
Business Coupe . . 14.0 1.0 
DeLuxe Coupe... 8.0 1.25 
Two Door Sedan. . 12.0 1.25 
Four Door Sedan. . ~o. 43.25 2.50 
DeLuxe Sedan... . 1.5 1.25 

89.75 10.25 


From the engineering bill of material the necessary information 
regarding quantity of all component parts, and partial assemblies 
used per car, per type of body is obtained. These figures multi- 
plied by the pro-rated number of each type of car built daily, 
represent the total amount of material to be delivered. Com- 
piling figures it is found that approximately 860 various items 
weighing 180 tons have to be handled daily. 

It. is obvious that in order to operate with a minimum inven- 
tory, a system must be worked out that eliminates all prevailing 
guess work which results in shortages that are discovered too late 
to keep the assembly line going. 

It was decided that definite pick-up or distributing points 
would have to be established. At these points the material on 
hand is arranged in such a way that there will be no room for 
exceptional averages, on the other hand the gradually diminishing 
stock was apparent at all times even to the casual observer. 
Furthermore, the loads were standardized and moved at regular 
intervals during production periods eliminating all overtime de- 
liveries prevalent under the old system. 

To record the necessary detailed information for each item a 
3 in. X 5 in. dispatch record card is used. On these cards are 
shown the part name, part number, model, number required per 
car, number required per day, required floor space, section, 
operation number, size of container, number of pieces in container, 
number of loads to deliver per day, load number, distributing 
point, and distributing time. 

Several sets of these cards are required. Three sets are filed 
as follows: One set, numerically arranged, takes care of engi- 
neering changes and releases. It iscommon practice with the de- 
signing department to inaugurate changes after the bill of material 
has been completed. The persistence of this practice often vexes 
the material division as it not only increases the cost of keeping 
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M. 4.34 
M. 8.30 


B M. 4.34 


cle 


313 V 


316 


no. 
301 
303 
304 A 
305 
312 
315 


Load Cy- 
1 
4 


Hr. ———Jitney No. 3—-——, 
0 


Rec. 

Sta. 
L. 6.13 
6.13 
L. 6.13 
L. 6.13 
L. 6.15 
8.6 


L 


L. 6.18 
L. 8.3 


L. 


9 

45 

6 

5 

6 

445 
6.27 

L. 6.39 
M. 4.24 
M. 4.34 
84 


Dist. 
sta. 
M. 4 
M. 
M. 9 
M. 


mM. 44 


-Jitney No. 
cle 
M 
M 
M 
B 
B 
B 
B 


Load Cy- 
no. 
201 
202 
203 
204 B 
206 
207 
208 
209 
210 
119 A M.4.24 1.6.19 211 M 
214 
215 
218 


19 ‘ 
10 216 B M.4.34 L. € 


M. 4.24 L,. 6.19 


5 


19 


L. 6.15 


Sta. 

L. 6.15 

19 

104 A M.4.24 L. 6.38 
10 

19 

6.23 

L. 6.15 

10 


Rec. 


10 
L.6.19 917 ¢ 


Daily Schedule 
L. 6.2 


-———Jitsey No. 


Load C 


L. 6.23 
L. 6.15 
6.23 
L. 6.23 
L. 6.15 
L. 6.23 
L. 6.15 
M. 4.24 1. 6,10 
L. 6.15 


L. 6. 
M. 4.19 L. 6. 
109 A M.4.19 L. 6.23 


Sta. 


M. 4.19 
M. 4.19 L. 6.23 


Dist. 


M. 4.19 L. 6.23 


y- 
cle 


A 
124 A M.4.19 


125 A M.4.19 
126 A M.4.19 


127 A 
131 A M.4.19 


130 A M.4.19 
132 A 


123 A M.4.19 
129 A M.4.24 


1220 A M.4.24 1.6.10 
128 A 


110 A 
11 A M.4.24 1, 6,10 


103 A M.4.24 1.6.10 
1 10 
12 A M.4.24 1, 6,10 
113 A M.4.24 L.6. 

114A M.4.19 I 

115 A 

1146 A 

117 A M.4.19 

118 A M419 

121 A M.4.24 L.6. 

122 A M.4.19 


no. 
101 
102 A 


7.30 
8.30 
9.00 2 
9.30 
10.00 3 
10.30 
11.00 4 


7.00 0 


up the records, but also necessitates the 
disposition of obsolete material. 

The second set of cards are indexed as 
follows: 


1 Parts common to all models. 
2 Parts special to body type. 


This arrangement makes it easy to make 
up the bil! of material for any desired 
model without expert assistance. The 
third set is arranged according to opera- 
tion sequence on the assembly line. 

At this stage the available floor space on 
the assembly line must be considered. At 
the same time it is necessary to standard- 
ize the type and capacity of the containers 
to be used. With this data on hand the 
floor plan is prepared, showing that a 
certain quantity of all material in stand- 
ardized containers may be placed at the 
respective operation points. 

It is imperative that all material placed 
on the assembly line be within easy reach 
of the operators. Some items, therefore, 
must be delivered in limited quantities 
several times daily. It was discovered 
that there were a number of items such as 
small star washers, screws, cotters, etc., 
used at the rate of two or four per car 
which if delivered in standard size con- 
tainers would fill requirements for 24 days. 

Having determined the quantity of ma- 
terial each standard container would hold, 
the frequency of delivery was established, 
and dispatch cards were arranged in groups 
as follows: 


Group 1. Material to be delivered oftener 
than once in 9 hr. period 

Group 2. Material to be delivered once 
in 9 hr. period 

Group 3. Material to be delivered once 
in 18 hr. period 

Group 4. Material to be delivered once 
in 27 hr. period 

Group 5. Material to be delivered once 
in 54 hr. period 

Group 6. Material to be delivered once 
in 108 hr. period 

Group 7. Material to be delivered once 
in 216 hr. period. 


It will be noted from group 7 that 216 
hr. is the longest period elapsing between 
deliveries. This, then, must be considered 
as the period for the complete cycle. The 
next step is to determine the least number 
of jitneys required, moving continuously, 
to distribute all required loads within one 
complete cycle, taking into consideration 
that each load must be made up of similar 
containers in order to maintain the most 
economical system of procedure. For this 
purpose another set of dispatch cards 
should be arranged according to the various 
types of containers, the cards in each group 
being arranged according to operation 
sequence numbers. A chart is prepared, 
and under the heading of each container 
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TABLE 1 EXAMPLES OF MATERIAL IN PANS HANDLED IN 
DIFFERENT CYCLES 


No. Cont. Part No. Oper. No. Load No. 
9 Hour Cycle 
5 55,687 170 
10 43,260 180 
43,261 180 436 
4 76,871 210 
4 43,201 230 
4 51,921 240 437 & 438 
18 Hour Cycle 
4 104,097 110 
4 23,869 140 437 
4 74,079 270 
4 74,080 270 438 
27 Hour Cycle 
10 103,026 130 
10 103,025 140 439 
10 70,984 140 
10 52,006 150 440 
10 51,354 160 
10 50,332 160 441 
s 120,013 480 
82,488 510 
4 103,320 510 442 
54 Hour Cycle 
5 114,497 120 443 & 444 
5 71,411 130 
5 114,498 230 
5 103,334 230 445 & 446 
108 Hour Cycle 
5 43,205 120 
5 43,632 120 443 
5 44,987 210 
5 43,207 230 444 
5 100,428 190 
5 105,615 190 445 
5 100,001 190 
5 50,178 190 446 
216 Hour Cycle 
10 41,490 120 
10 34,773 120 447 
10 53,094 140 
10 53,095 140 448 


there are columns for number of containers, part number, opera- 
tion number, and load number. The required data for the 
first three columns is obtained from dispatch cards. Next the 
number of containers representing a load is determined and 
load numbers are assigned. Table 1 is a summary illustrating 
a few examples under each hour cycle. 

In considering the items listed it was decided that twenty 
containers should represent a standard load. Referring to 
Table 1, and taking the first three items 55,687, 43,260, and 43,261, 
the required number of containers are obtained. The load 
number assigned in this case is 436. Continuing with the next 
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DISPATCH RECORD CARD 


Op. No. 130 Model K Part No. 100025 
Name: Rear Support Shock Insul. - Plate Bolt 

No. per Car 8 No. Required per Day 3200 
Available Floor Space— Section 

Size of Container 12 x 18 x 8 

No. of Pieces in Container 3200 

No. of Loads to Deliver per Day 1 Daily 

19 

12:15 - Daily 


Load No, 436 
6 CC A 


Distributing Point 


Distributing Time 


three items 76,871, 43,201, and 51,921, a total of 12 containers is 
obtained, and to make a standard load the next two items 104,097 
and 23,869 of four containers each must be added. This is shown 
as load No. 437. 

It will be noted that the first three items of load 437 are listed 
under the nine-hour cycle while the fourth and fifth are under 
the 18-hour cycle and consequently move every other day only, 
therefore on alternate days 104,097 and 23,869 are dropped from 
this load, 74,079 and 74,080 being substituted, making this load 
438. 

Examples listed under the 27-hour cycle balance satisfactorily 
in loads of twenty pans and are numbered 439, 440, 441, and 
442. Continuing with the 54hour and 108-hour cycles, it is 
seen that all of the items listed under these columns are alternate 
loads, 114,497 and 71,411 in the 54-hour cycle with 43,205 and 
43,632 in the 108-hour cycle making load 443, again 114,497 and 
71,411 with 44,987 and 43,207 makes the alternate load 444, etc. 

To avoid possible confusion or errors in making up the loads 
Table 2 should now be prepared. The vertical columns are 
arranged according to cycle hours, and the horizontal columns ac- 
cording to time of delivery as planned. 

Example “‘A’’ shows load 436 to be delivered once in every 
nine hours between 12:15 and 12:45 p.m. In group “B” load 
437 alternates with load 438 every other day, in group “‘C”’ are 
loads 439, 440, and 441 to be delivered once in three days during 
the period indicated in the hour or allotted time column. To 
make up the loads as shown in group ‘‘D’’ required a little con- 


TABLE 2 GROUPING IN CYCLES OF MATERIAL HANDLED 


Allotted 
time 1lto9 10 to 18 19 to 27 28 to 36 37to45 46 to 54 55 to 63 64 to 72 73 to 81 82 to 90 
12.15 55687 
A to 43260 - Load No. 436—9 Hour Period ——> 
12.45 \ 
43: 1 1 
1.15 2 2 3 2 3 Load 438—Alternate —> 
104097 74079 
23869 74080 
Load 437 Load 438 
1.15 1 103026 2 70984 3 51354 1 2 3 1 2 3 
103025 52006 50332 
; Load 439 Load 440 Load 441 Rotate every 27 hours —> 
1.45 120013 1 114497 4 114498 Every 41490 53094 4 
D to 82488 71411 103334 27 hr. 34773 53095 3 44987 6 100001 
2.15 103320 2 43205 5 100428 442 Load 447 Load 448 Load 442 43207 50178 442 
Load 442 43632 105615 Load 444 Load 446 
Load 443 Load 445 
or “D” (Anove) 
120013 Load Load Load 
1.45 82488 no. no. 44987 no. 
to 103320 1 4 442 442 43207 4 442 
2.15 Load 442 114497 114498 Load 
71411 103334 444 
100428 100001 
43205 105615 41490 53094 50173 
43632 34773 53095 446 
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54 
REQUISITION SHEET JITNEY NO. 3—SHEET NO. 24 

Load Part Cycle hr. To Pick-up Del. Pos. 
No. No. Name Cont. Quant. from station destination time at line cycle hr, 
301 40,475 Batteries 1 Rack 120 L-7-37 L-7-20 7:00 7:15 
302 42,992 Steering wheels 1 Rack 200 M-4-24 L-7-21 7:15 7:35 
303 47,372 Front floor boards 1 Skid 140 L-5-40 L-5-16 7:35 7:50 208 
304 43,177 Battery-support assy. 1 Crib 400 M-4-87 L-7-8 7:50 8:05 
305 43,284 Rad. sect. dust pan 1 Rack 400 M-4-34 L-5-23 8:05 8:20 
306 300,491 Ign. cable and tube assy. 1 B. Skid 400 M-7-13 L-7-10 8:20 8:40 
307 300,432 Inst. board and chassis- ; 209 

wiring assy. 1 Rack 400 M-7-13 L-7-23 8:40 9:00 f 
308 Steering-gear assy. 2 Rack 200 L-7-39 L-7-19 9:00 9:15 
309 40,475 Batteries 1 Rack 120 L,-7-37 L-7-20 9:15 9:30 i 
310 42,758 Mufflers 2 Rack 400 M-8-9 L-8-8 9:30 9:45 210 
311 43,082 Tail pipe 1 Rack 400 L-8-45 L-8-8 9:45 10:00 
312 43,984 Exhaust pipe 1 Rack 400 M-8-9 L-8-8 10:00 10:15 
314 43,911 Eng. dust pan left 1 Rack 800 M-4-34 L-8-5 10:15 10:35 \ i 
315 47,372 Front floor boards 1 Skid 140 L-5-40 L-5-16 10:35 10:50 ( 211 
317 301,376 Eng. rear support left 1B 800 M-8-30 L-8-3 10:50 11:10 
319 301,741 Front wheel-hub wire 1 Skid 200 N-7-14-D L-7-27 11:10 11:30) 
320 40,475 Batteries 1 Rack 120 L-7-37 L-7-20 12:15 12:30 212 
321 42,992 Steering wheels 1 Rack 200 M-4-24 L-7-21 12:30 12:50 
323 43,472 Gas-tank shields 1 Skid 500 ~ M-4-34 L-6-7 12:50 1:05) 
325 Tee board upper 1 Skid SI L-5-41 L-5-16 1:05 1:20 » 213 
329 78,488 Steering-post bracket 1 B. Skid 200 M-4-34 O0-6-12 1:20 1:40) 
332 301,742 Rear wheel hub wire 1 Skid 300 N-7-14-D L-7-27 1:40 2:00 
333 Steering gears 2 Racks 200 L-7-39 L-7-19 2:00 2:15 14 
334 47,372 Front floor boards 1 Skid 140 L-5-40 L-5-16 2:15 2:30 
335 40,475 Batteries 1 Rack 120 L-7-37 L,-7-20 2:30 2:45 


centration. It will be noted that during the time period of 
1:45 to 2:15 p.m. load 442 is scheduled to be delivered once on 
every third day, load 443 appears only twice under the 10 to 18 
and again under the 118 to 126 hour cycle. Load 447 listed 
under the 216 hour cycle in Table 1 appears in Table 2 in the 
37 to 45 cycle hour period, etc. The completion of Table 2 
proves that all loads are scheduled properly. 

The work can next be summarized in the form of a material- 
routing chart arranged according to consecutive-load numbers, 
allocating a certain number of loads to each jitney to be picked 
up and delivered at specified times. 

Requisition sheets for material are made up according to speci- 
fied loads to meet transportation requirements, and issued to the 
stock men at the pick-up points. A copy of this requisition 
serves as a transportation order for the jitney operators. A set 
of these requisition sheets should be kept on file as a permanent 


record. 
Discussion 


Questions and answers formed the principal part of the discus- 
sion. The answers are given in the author’s closure. 


AvuTHoR’s CLOSURE 


The system discussed was worked out on a basis of delivering 
material for a normal production of 400 cars daily during the 
nine-hour working period, however it is flexible enough to apply 
to an increasing or decreasing schedule. It is obvious that neither 
the predetermined frequency of delivery nor the quantity of 
material set up in standard containers must be interfered with. 
The problem was solved in the following manner. The day 
before a 25 per cent increase in production went into effect, 
the material-delivery time was extended 25 per cent or 2'/, hours 
overtime. Referring to the material-routing chart, it will be 
seen that having delivered 25 per cent of the specified daily 
loads the night before, the cycle has been completed 2'/, hours 
earlier, then by following up with load 101, etc., and continuing 
the deliveries 2'/, hours overtime each night, production was 
supplied with its requirements of 500 jobs daily. 

It is again suggested that in installing the system provisions 
must be made to operate all other assembly and sub-assembly 
divisions in accordance with the main or car-assembly line. If 
for some reason the car-assembly line is shut down, all other 
divisions furnishing partial or sub-assemblies must also dis- 
continue to operate in order to avoid the accumulation of surplus 
material at these points. 


Under the old system an overage has quite often been found, 
and a corresponding shortage of certain standard parts. In- 
vestigation disclosed the fact that the operators are apt to ignore 
the specified parts especially if they find that smaller bolts, 
cotters, etc., will speed up their work. It will be found that 
in delivering material in specified quantity this evil can be re- 
duced to a minimum. 

The shop loss of standard parts is usually quite high. This 
must be taken into consideration when making up specified 
quantities for delivery. As yet a method has not been devised 
by which this shop loss may be reclaimed by separating the 
various items according to part numbers at a saving of their 
original cost. 


Procedure of Material Control 
By HOWARD H. FLAGG,? DETROIT, MICH. 


HE ART of material control as it is commonly understood 
today embraces the technique of providing productive and 
expense materials for the operation of an industrial con- 
cern in the proper quantities and at proper times. During the 
past ten years an intense interest in inventory turnover has been 
manifest. One of the results has been the development of so- 
called “hand-to-mouth buying.” Thus a new phase of business 
conduct has come to form an important part of management and 
the systematic purchase and delivery of materials has become one 
of the vital functions of every manufacturing concern. Where 
formerly it was believed sufficient to have plenty of material at 
all times, it is now demanded that not only must there be always 
sufficient, but never too much. Such conditions cannot be at- 
tained without careful planning. To this end, it has become the 
practice of most manufacturers to formulate in advance a tenta- 
tive program for each years output. This is necessary in order to 
provide new designs, plant, equipment, and personnel, as well as 
to make provision for materials 
Were it possible to make such plans accurately, these problems 
would become simple. But, unfortunately, few can predict the 
future course of business a year in advance, and it becomes neces- 
sary to revise estimates from time to time. So there has been 
developed the idea of monthly forecasts. Many raw materials 
have to be purchased three months ahead of time, so these fore- 
casts usually include the probable requirements that far in_ad- 


vance. The data for,these estimates include figures from_the 
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field organization of the sales department, and the quantities sold 
in corresponding months of former years. Every item of informa- 
tion at the command of the organization is utilized in formulating 
the forecast. Each month the forecasts made the previous month 
are reconsidered, and if necessary revised, so that there really are 
three forecasts of each month’s business. The first two are used 
for purchasing information, and the last to plan production and 
determine delivery dates. 

These forecasts are in terms of finished units or models, and as 
such are of no use to the purchasing department. It is the duty 
of the material-control department to translate them into pur- 
chaseable items, and determine the quantity of each to be bought. 

It must be known how many castings, forgings, stampings, etc., 
are required for each unit, and how much of the various kinds of 
bulk stock will be needed. This information must be gotten to 
the buyers with the least possible delay. To go over blueprints 
each time would require too long. Therefore, recourse is had to 
parts lists furnished by the engineering department and a usage 
record showing the quantity of bulk stock needed for each fabri- 
cated part, the latter usually furnished by the production engi- 
neering department. or a similar organization. In addition to the 
quantities needed to meet the forecast, there are service require- 
ments, replacements for scrap, and other extraneous items, all 
of which must be listed and combined. 

The clerical methods involved in keeping track of material 
transactions have the following main functions to be observed: 


Compute requirements of all kinds. 

Cover the requirements with purchase requisition. 
Determine delivery dates. 

Receive the materials. 

Disburse them to the factory. 

Keep records of all diversions for service, scrap, etc. 

In consequence the following data must be available at all times. 
(a) Quantity of each item required, and (b) quantity of each item 
requisitioned. 

In addition to this information, it is necessary to know at certain 
times (c) quantity of each item received, and (d) quantity of each 
item disbursed for production, scrap, service, etc. 


In order to make an economical division of labor, these figures 
are usually embodied in two records. The more important and 
the more difficult work is done by highly trained men and consists 
of items (a) and (6) namely requirements and requisitions. Re- 
ceipts and disbursements of material are recorded from receiving 
sheets, scrap tickets, shipping records, etc., by less experienced 
men or by girls. The first record is known as the requirement 
record and the second as the stock record. 

It is highly desirable to maintain all records on a comparable 
basis, and to that end the cumulative method is in quite general 
use. This cumulative principle simply means that instead of 
regarding each requirement as an individual problem, to be car- 
ried all through the various steps of ordering, receiving, and dis- 
bursing, all requirements for the same item are added together as 
they recur from time to time, and totals thus built up are main- 
tained on a comparative basis. These accumulations start from 
one of two points, either January first, or the commencement of 
a manufacturing season. By the use of this cumulative method, 
the following facts are always available. 

1 Total requirements less total requisitions are quantities to 
be ordered to meet schedules. 

2 Total requisitions less total receipts are open orders. 

3 Total receipts less total disbursements are inventory figures 
which may be checked by physical counts. 

Each requirement for production is entered on its appropriate 
card in the requirement record. There may be several entries 
made for one commodity if it is used on more than one model. 
These are cumulated to form a production total. To this total 
are added requirements for service, and allowances for scrap to 
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form a gross-total requirement. A requisition is then made to 
equal this gross-total requirement and is sent to the purchasing 
department. Each month when new schedules are broken down 
the production requirements are added to the previous produc- 
tion totals, and these cumulatives added to the new cumulated 
service requirements and scrap replacements form new gross 
totals. Comparison of the new gross total requirements and 
previous total requisitions shows the quantity necessary to buy. 

As materials are received at the plant, they are entered on the 
stock record. These entries also are carried cumulatively. Thus 
if the total receipts shown on the stock record are subtracted from 
the total requisitions shown on the requirement record, the dif- 
ference indicates open orders. 

In some plants it is desirable to know the quantities in raw 
stock. When this is so, all disbursements from stock to factory 
are entered on the stock record and cumulated. The disburse- 
ments to service and those for the replacement of scrap are en- 
tered and carried in the same way. The difference between the 
total of all these disbursements and the total receipts is the bal- 
ance in raw stock. It is from this record that disbursements for 
scrap are obtained to be included as replacements on the re- 
quirement record. 

When it is necessary to know how much of any commodity is in 
the entire plant, total shipments are broken down, and the in- 
dividual items added to disbursements for scrap, service, etc. 
This total subtracted from total receipts gives the desired total 
in the plant. Similarly, the total shipments plus total scrap 
subtracted from total disbursements to the factory gives total 
work in process. 

The requisitions sent to the purchase department are many of 
them for material needed several months later. Delivery dates 
are carefully specified, but even the most conscientious considera- 
tion cannot indicate these shipping dates with perfect accuracy, 
due to inevitable changes in schedule, and they have to be revised 
from month to month. 

The foregoing is a brief outline of the principal routine func- 
tions of the material-control department as regards productive 
materials. The handling of expense items is very similar. Many 
of them are in direct proportion to production schedules. This 
includes such commodities as drills, reamers, standard cutting 
tools, lubricants, cutting compound, wiping rags, and rubber 
gloves. Supplies of various kinds are customarily handled on 
a maximum and minimum basis. This is not the occasion for a 
more detailed description. The object is to relate the engineering 
department to these activities. 

This sketch of what goes on in the material control is almost an 
ideal in the light of actual procedure. In reality, probably one- 
half the work performed in the department is brought about by 
changes and irregularities of various kinds. ‘Fhe two leading 
causes of extra work are schedule changes and engineering changes. 
Schedule changes are generally due to unlooked for business con- 
ditions. They frequently cause as much work as an entirely new 
forecast. 

Engineering changes, so far as the material control is concerned, 
are of two classes; those which can be put into effect when con- 
venient or at a future date considerably in advance, and those 
which must be made immediately. The first class causes little 
trouble beyond the work incidental to balancing out the raw stock 
and work in process. The second class is the bug-bear of the 
department. In many instances material on order has to be 
cancelled, and new material secured. It often happens that this 
is very difficult to accomplish, and the results are not satisfactory. 

The average material-control department today realizes that. 
progress requires change, and endeavors to treat the matter philo- 
sophically. There has been marked improvement in the methods 
of transmitting engineering changes and in handling them when 
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received. The greatest difficulties which still exist to any extent 
are caused by lack of mutual understanding of the problems and 
methods of the two departments. It is sometimes hard for the 
material-control department to understand why changes are 
necessary after a year of experimenting, and equally hard for the 
engineering department to understand why some apparently in- 
significant change should affect the material situation. 

The best solution of this problem is the appointment of a man 
who has had actual experience in both departments to perform 
a definite set of duties as follows: 


(a) Act as a consultant for engineering department when changes 
ure contemplated. 

(b) Interpret all changes actually determined upon to the material- 
control department. 

(c) Embody these changes in material-control records. 

(d) Maintain close observation of bulk-stock scrap in the factory 
resulting from punch press, screw machine, and similar operations, 
to make sure that the most economical sizes of the bulk stock are being 
used. 

(e) Watch the factory operations in general to see that they are 
done in accordance with standard practice. 

(f) Familiarize himself with changes in manufacturer's standards 
of sizes, limits, gages, etc., and keep both departments posted. 


This man should work for the material-control department, 
acting as a consultant for that department, the engineering de- 
partment, and the purchase department. 

The importance of standardization is now so well accepted that 
little need be said on the subject. It is well to remember, how- 
ever, that standardization should start in the engineering depart- 
ment. When suggestions along this line originate in the material- 
control department, the factory, or the purchase department, 
they involve engineering changes. 

The principles to be kept in mind are: (1) Utilize standard 
shapes, sizes and limits for bulk stock, (2) use the smallest possible 
variety of standard purchase parts, and (3) make fabricated parts 
used in various models and sizes of product interchangeable 
whenever practicable. 

A fruitful subject for discussion is found in the assignment of 
part numbers. They are used principally because they eliminate 
the time and work required to write out names, and because they 
afford an absolute means of identification. To the material- 
control department, the importance of this latter qualification is 
enormous. The identification of each part and assembly must 
be absolute to avoid confusion. Issuing part numbers for a 
new product is a comparatively simple matter. The difficulties 
arise when a change is made in a part for which a number already 
has been assigned. There is a fairly widespread impression that 
when the new part and the old part are mechanically interchange- 
able no new number is necessary. This, however, is apt to be 
incorrect. There is a period of time subsequent to the issuance of 
an engineering change when both parts have to be dealt with. 
This period continues until all old parts are out of existence, so 
far as production is concerned. It is during this time that trouble 
occurs. To illustrate, assume that a bronze casting has to be 


made harder. To this end, the specification for bronze is altered. 
All dimensions remain the same. To the average eye, the out- 
ward appearance is no different. When completed the new part 
and the old part will be interchangeable both mechanically and 
visually. Let us assume then that no new number is issued. 

After receiving the engineering change in the material-control 
department, the first consideration is to get it into the material- 
control records. To do this, the date when the new part is to 
go into production is determined, and written notations are made 
on the requirement record, the parts list, and the stock record, 
which will indicate the specification change, date effective, etc. 

A purchase requisition is then made. At this time there are 
usually purchase requisitions, purchase orders, and invoices for 
the old part still extant, and correspondence between purchase 
department and vendors relative to the old part still are neces- 
sary. This condition may continue for several weeks, with mis- 
understandings practically certain to ensue. In due time the 
new parts begin to arrive at the plant, and different receiving 
inspection methods are demanded. The new castings are prac- 
tically indistinguishable from the old. Receiving clerks become 
confused. No one feels sure of what is being handled. There is 
doubt as to whether this is the often recurring over shipment of 
the old part, or the first shipment of the new. A study of in- 
voices is not always conclusive. More confusion follows. When 
new machining methods are necessary the shop becomes involved 
and loss of material and time ensues. The foregoing picture is 
not exaggerated nor is it infrequent. The same conditions are 
experienced when changes of bulk stock such as steel sheets, bars, 
wire, etc. are made. 

Almost all of the trouble could be avoided by the assignment of 
a new number. The most satisfactory policy is first to issue all 
part and assembly numbers through the engineering department, 
second to issue bulk-stock numbers through the material-control 
department, and third to issue new part numbers when one or 
more of the following characteristics change. (a) mechanical 
interchangeability, (6) material, and (c) appearance—by which 
is meant change in appearance which could confuse receiving 
clerks or inspectors in the rough or assembly department when 
finished. 

This is written with a full appreciation of the added number of 
blueprints to be kept on file, and the extra work in the drafting 
room, which by the way, frequently is compensated for by added 
certainty, and less checking when new combinations of parts are 
required. Absolute identification is as valuable in the drafting 
room as it is in the material-control department. 

In summarizing the relationship of the engineering department 
to material control it is suggested that there are four things to 
be desired, viz: (1) Clear and comprehensive parts lists, logically 
arranged, (2) engineering change notices which are explicit and 
definite, (3) generous use of part and assembly numbers, and 
(4) a realization that time is of prime importance in effecting 
engineering changes and that in consequence, advance informa- 
tion is frequently valuable. 
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Four Papers Devoted to Material-Control and Handling Systems as Used in Glass 
Manufacture, in the Production of Electrical Devices, in a Stove Plant, 
and in a Washing-Machine Factory 


Plate-Glass Manufacture by the 
Continuous Process 
By C. W. AVERY,! DETROIT, MICH. 


Trouble encountered in the development of the continuous process 
of plate-glass manufacture are discussed in this paper. Materials 
used had to be perfected, and an absolutely uniform gas pressure 
maintained. There were many problems in rolling, annealing, 
grinding, and polishing that were quite different from previous 
practice. Cooling of the rolls, and securing a material for them 
that would withstand the high temperature required considerable 
study. Much experimenting with the shape, weight, and speed of 
the various grinding wheels was necessary. After four or five 
years of intensive study and hard work, a good quality of plate 
glass was produced at about half the cost of production by old 
methods. 


a very few years ago very little progress had been made 

in handling methods. The materials, which consist 
chiefly of silica sand, soda ash, and limestone, are mixed and 
placed in large clay pots. These pots are then placed in large 
furnaces where the melting process is started. The temperature 
in these furnaces is carried through the first eighteen hours at 
about 2600 deg. fahr. It is then reduced over a period of 5 
or 6 hr. through what is called the fining process. The pots 
are then removed by overhead cranes and transported, fre- 
quently over a considerable distance, to the casting table, which 
is a large cast-iron surface plate with water-cooling provision. 
At one end of this plate rests a large cast-iron roll. After skim- 
ming the glass, and thoroughly cleaning the pots all over to 
prevent any particles of dirt from falling upon the table, the 
glass is poured from the pot in front of the large roll, which is 
then passed over it, rolling the plastic mass into a rectangular 
sheet 1/, in. to 5/, in. thick, 10 ft. to 12 ft. wide and 14 ft. to 
20 ft. long. As soon as the glass has set sufficiently to retain 
its shape, it is pushed from the table into the first annealing 
furnace where it is held for a few minutes at 1200 deg. fahr. 
It is then pushed successively, each time at right angles, through 
succeeding annealing furnaces, gradually reducing its heat to 
150 or 200 deg. 

It has then been properly annealed and is ready for the grind- 
ing tables. These grinding tables are large round cast-iron 
tables, weighing with the glass mounted on them from 15 to 
20 tons. The rough plate, as it is called after it is taken from 
the annealing furnaces, is seldom mounted on the grinding table 
in its original size. Defects must be removed. The glass is 
then mounted in plaster of Paris on these tables, and transported 
to the nearest grinding machine. The table is pushed under the 
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grinding head by mechanical means over a large vertical spindle. 
This spindle is then raised hydraulically until it lifts the table 
and its wheels free from the track. The spindle and table are 
then revolved, and the cast-iron grinding disks lowered onto 
the glass. These disks are set off center with the table, and 
caused to revolve by the unequal friction. Successive grades 
of grinding sand are introduced as the process advances. When 
the surface of the glass has been ground flat with coarser sands, 
and smooth with the finer grades, all traces of sand are washed 
off, and successive grades of fine emery are introduced, finally 
leaving the glass as smooth as it is possible to make it before the 
polishing process. The table with the glass is then removed 
from the grinding machine, and moved by mechanical means 
to another portion of the factory where the surface is polished 
in much the same manner by the use of felt disks and rouge. 


Goss SuccessivELy THROUGH SEVERAL ANNEALING FURNACES 


The glass is then removed from the table and reversed. The 
other side is treated in the same way. 

In the early days of automobile production, plate glass was 
used largely for store fronts, the desirable product being large 
sheets. The resulting small cuts were a drug on the market, 
and were sold at any price that could be obtained for them. 
The first automobiles were built without windshields and the 
closed car had never been heard of. Demand for automobile 
glass was so small that the small-sheet by-product of the plate- 
glass industry could take care of it very satisfactorily. This 
accounts for the fact that windshield plate glass could be pur- 
chased in the early days of automobile manufacture for approxi- 
mately 22 cents per square foot. However, as windshields 
became standard equipment on all cars, and the glass require- 
ments for closed cars increased, it was necessary for large sheets 
to be cut into small ones to take care of the increasing require- 
ment. The price of automobile glass increased from 22 cents 
to 90 cents, or more, and the increase in production was far less 
than the increase in demand. 
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In all process development simplicity is essential. It is easy 
to develop a complicated process, but to bring it to the highest 
form of simplicity requires real study. In five minutes nature 
moves 300 tons of water '/, mile in a trout stream that you jump 
across a score of times in a day's fishing. A davy’s work of this 


Wuen THE Grass Has Set, It Is Pusnep Intro an 
ANNEALING FURNACE 


stream would cost $175,000 with men and buckets, $25,000 
with hand trucks, and $1200 with motor trucks. 

About 1918 at the Ford Motor Company the idea was conceived 
of manufacturing plate glass by continuous methods similar 
to the methods then used in the automobile industry. The 
plan, in general, consisted in melting the glass in a continuous- 
tank furnace, with the batch entering at one end, and the molten 
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When the first side was finished the glass would then be reversed! 
on the same tables and returned, under the second series of wheels, 
to the starting point, where the finished glass would be removed, 
and the tables be ready to make another round. 

This process seemed so simple when first started that no one 
realized the troubles that would be encountered in its develop- 
ment. It was thought that it would be a comparatively simple 
matter to use the standard window-glass continuous-tank 
furnace in plate-glass production. Window glass, of course, 
is not ground and polished, and therefore does not require the 
degree of perfection in the molten metal as does plate glass. 
It was found necessary to rebuild the first furnace several times 
before arriving at the right proportions for governing the heat 
in the various zones. Figures would indicate that a furnace 
holding 400 tons of molten glass, and delivering 20 tons every 
24 hours would require 20 days in which to deliver glass to 
the rolling machine. It was found, however, that much of 
the glass in the furnace never moved, and ‘tests with coloring 
matter showed that some of the glass passed through the furnace 
within 36 hours. This was due to the more liquid state of 
the higher temperature glass on the surface. In making plate 
glass by the old pot method a variation in the materials from 
one pot to the other as high as 10 per cent was not serious. 
In the tank furnace, however, a portion of today’s batch would 
probably come through tomorrow with a portion of last-week’s. 
batch. If these two batches varied in chemical composition, 
there would be several different kinds of glass in the same sheet, 
each with a different coefficient of expansion. This resulted 
in exceedingly high breakage, both in the annealing furnace, 
and under the grinding and polishing wheels, especially the latter. 
It was, therefore, necessary to bring a chemist into the picture, 
and impose a most rigid specification and inspection on incoming 
materials. Originally it was planned to use sand from a nearby 
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glass running out of a spout directly to the rolling machine at 
the other end, then, in the form of a ribbon, passing through 
the various temperature zones of the annealing furnace (com- 
monly called a lehr). It was then to be cut into convenient 
lengths, mounted on rectangular tables, and passed continuously 
under a series of grinding, smoothing, and polishing wheels. 


source of supply. It was known that this sand contained a 
percentage of limestone but it was thought that, inasmuch as 
limestone is used in the mixture, it would do no harm to in- 
troduce part of it with the sand. The lime content of the sand, 
however, was found to vary from 2 per cent to 6 per cent, and 
it was necessary to adopt a sand which was 99 per cent pure 


j 
3 


MATERIALS HANDLING 


silica. Troubles in the mixture of glass coming from furnaces 
were not over when the material was perfected. It was found 
necessary to have an absolutely uniform gas pressure, and also 
to have a gas of uniform British thermal-unit value. When 
these elements had all been corrected, the problems in the 
melting end were practically all solved. 

These problems would have been much simpler had they not 
been superimposed upon the problems of rolling, annealing, 
grinding, and polishing at the same time. The first develop- 
ment in a rolling machine was intended to duplicate the flat 
table of the old process as nearly as possible. A chain conveyor 
made up of closely fitting platens was passed under a mechani- 
cally driven roll, and the glass drawn from the spout in the 
furnace onto this platen conveyor. Here again the problem 
of simplicity was involved. The first attempt was too compli- 
cated, and caused too much trouble. The double-roll machine 
was then developed which consisted of a small roll mounted 
slightly forward of, and above the large roll on which the glass 
poured from the furnace. Certain problems in cooling these 
rolls then appeared. The surface of the large roll where the 
glass first came in contact with it would become much hotter 
than the edges. A water-circulating system through the shaft, 
and distribution according to heat requirements finally solved 
this problem. It was necessary to preheat the water to a certain 
temperature to avoid chilling the glass immediately in contact 
with the roll, which was found to cause surface cracks. 

The continuous lehr had been used in connection with pro- 
duction of window glass. Here again the requirements were 
different. The initial temperature required in the window-glass 
lehr was very much lower than that of the plate-glass lehr, and 
here the greatest problem lay in securing the proper material 
for the rolls to withstand the higher temperature. This was 
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annealing results. The first glass was made in a ribbon 20 in. 
wide but at an early stage was increased to 40 in. In the last 
few years, however, the development of the continuous process 
has increased the width of sheets to 8 ft. or 10 ft. 

In the first efforts in grinding glass sufficient attention was 
not given to the mechanical accuracy of the equipment. The 
track was laid approximately level. The tables were made 
with ordinary spindle bearings. It was found that the utmost 


Tue Grass Is Mountep In PLASTER OF PARIS ON TABLES FOR 
GRINDING AND POLISHING 


accuracy and rigidity of these grinding tables were absolutely 
necessary. Foundations were strengthened, and the track 
leveled to absolute accuracy within three or four thousandths 
of an inch. Wheels were made with hardened-steel tires, and 
mounted on adjustable taper-roller bearings in order that the 
centers might be maintained accurately. 

Much experimenting with the shape, weight, and speed of 
the various grinding wheels was necessary. A continuous 
flotation system for grinding sand had to be developed. All 
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finally accomplished by using tubular-steel rolls, air cooled 
to the highest temperature they would stand continuously 
without distortion. The first lehrs that were built were heated 
with gas burners, and the temperature in the different zones 
was manually controlled. Later, automatic controls were 
introduced, and still later the electric lehr was developed. In 


.the development of the electric lehr, the principle was used 


that the glass entering a lehr contained enough heat to anneal 
itself, providing the dissipation of that heat were controlled 
properly. The furnace was heavily insulated, and electric- 
heating elements under automatic control maintained the exact 
temperature required. This furnace has given most excellent 


the grades of sand fell from the tables into the gutters under 
neath, and were washed together into a collecting basin, and 
pumped to the flotation tanks overhead. These tanks were 
built of such a size that the velocity through them would deposit 
in each its particular grade of sand. The problems in finding 
a simple method of drawing this sand continuously from the 
bottom of each tank were many. The tanks were spaced at 
intervals so that each grade of sand moved through the shortest 
distance possible to its required location on the grinding wheels. 
Approximately the same development was applied to the smooth- 
ing wheels where different grades of fine emery were used for 
abrasive. In the old method of polishing glass the rouge was 
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first introduced under the felt wheels with a high percentage 
of water. As the water evaporated the rouge became more 
and more effective with a gradual increase in the temperature of 
the glass. When the glass was finally polished the dry rouge 
could be washed off the felts, which left them in the proper 
condition for the succeeding operation. In the continuous 
operation each polishing head remained under the same condi- 
tion 24 hours a day, and the problems of dry and caked rouge 
on the felts in the final stages were rather serious. They were 
solved, however, by determining the exact specific gravity re- 
quirements of the rouge used, and by the introduction of surplus 
polishing heads so that occasionally a head could be lifted, and 
the felts cleaned. 

The problems cited in the entire project were the major ones 
only. There were thousands of minor problems, sometimes 
rather confusing, due to the fact that several of them would 
appear at the same time. After four or five years, however, of 
intensive study and hard work, a good quality of plate glass was 
produced by the continuous process at approximately half the 
cost of production by the old methods. 

This is simply an illustration of the application of continuous 
methods of manufacture to an industry other than the automobile 
industry. The necessary requirements for this application 
are, (1) sufficient volume of production, and (2) a serious scien- 
tifie study of the problem in hand. 


Straight-Line Production Applied to 
Stove Manufacture 
By ALVIN G. SHERMAN,? DETROIT, MICH. 


Results obtained from use of a complete conveyor system in a stove 
plant are described by the author. The capacity of the assembly line 
is approximately 1000 stoves in 8 hr. In the porcelain plant a 
rotary heat-treating furnace is used. Not only are the benefits of 
labor saving and higher efficiency obtained through use of conveyors 
but a better quality of ware results. The complete system includes a 
pickling conveyor, three rotary furnaces, three drying chambers, 
three connecting systems of monorail conveyors, three straightening 
caterpillars, and the belt conveyor which takes the finished product 
to the assembling floor. 


duction which have been used so successfully in the field 

of the automobile. This was due partly to the antago- 
nism of human nature to accept a new idea, and partly due to the 
absence of men of vision who were willing to go the pioneers’ way. 
In the stove industry such a clinging to old methods of production 
is particularly noticeable, resulting probably from the fact that 
there was a marked lack of standardization. Many models were 
made, with no great volume of business on any one of them. 
Methods of straight-line production were almost impossible under 
such circumstances. 

To start such a practice made it necessary to discard the policy 
of trying to please the whims of every dealer and salesman. 
Instead, a comprehensive but limited line of stoves should be 
produced. This seemed the first step necessary for successful 
re-organization of the stove industry. Sixteen years ago the 
Detroit Vapor Stove Company installed a 65-ft. track in its as- 
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sembly department. Even after this installation, however, the 
stove bodies were partially assembled on benches, and the crating 
was done after the stoves were taken off of the track. 

The factory at the present time is completely equipped with a 
track and conveyor system. This assembly track has a total 
length of 1000 ft., extending in two parallel sections about 6 ft. 
apart. At one end of this track the first operations on the 
skeleton frames are performed, and then each assembly operation 
follows successively. By the time any one particular stove 
reaches the turn at the other end of the building, it is completely 
assembled with the exception of the burners, oven linings, grates, 
and heat control. These are placed in the stove on the second 
track. The stoves are tested midway along this track, and by 
the time they reach a point opposite the first assembly operation 
they are crated, stenciled, and ready for direct loading in cars or 
on trucks. A faster shipping conveyor takes the stoves to the 
loading point and warehouse. The capacity of the line is ap- 
proximately 1000 stoves per eight-hour working day. The extra 
long track not only provides ample room for storage of the differ- 
ent parts, but it also makes possible a large production without 
crowding the men. 

The entire process may sound simple enough, and it may be 
wondered why there should be any hesitation on the part of 
stove manufacturers to adopt such a system of assembly. How- 
ever, it must be considered that the Detroit Vapor Stove Com- 
pany has a standard assortment of gas-stove models to the num- 
ber of eighty-eight, including four different colors, although it 
had standardized its line to the point where only five different 
sizes of stoves were manufactured. Some idea may be gained, 
therefore, of the problem presented in coordinating the different 
factors of production to enable such a system to function smoothly. 
Racks are constructed opposite the length of the assembly 
track proper, with an isle space intervening of approximately 4 ft. 
These racks are stocked with the various porcelained parts 
necessary for the construction of any one model at the proper 
points of assembly. The burners, being of a standard type are 
brought regularly from the burner department, and the oven 
linings are stored opposite the point at which they are placed 
within the stove, as are also the grates, and the heat controls. 
A sufficient quantity of stock is available at all times, therefore, 
to permit of a change in production from one model to another 
without interrupting the even and continuous flow of the day’s 
total output. 

However, the point of major interest to the visitor to the plant 
is the porcelain department. This department occupies a floor 
space of only 15,600 sq. ft., and yet the capacity amounts to 
approximately 30,000 sq. ft. of triple-coated enameled parts in a 
24-hr. working day. This large production results from use of an 
entirely new method of producing porcelained ware. With the 
benefits of the system of progressive assembly established it was 
but natural that in building a porcelain plant this method of 
production was first considered. A completely progressive porce- 
lain plant was entirely foreign to the ceramic industry, and 
naturally there were many reasons advanced why it could not 
be applied. 

The main problem that had to be solved was the firing opera- 
tion. Up to that time there was no type of furnace used in the 
ceramic industry which would adequately fit into such a pro- 
gressive method of production as wasin mind. After a good deal 
of thought and investigation it was decided to conduct an ex- 
periment in a rotary heat-treating furnace made by the Holcroft 
Furnace Company. Such a furnace was already in use in the 
factory of the Hudson Motor Car Company. The experiment 
was a complete success, the sheet-metal blanks having a porce- 
lained finish as fine as any that could be obtained by any other 
method of firing. Soon after, the first electrically equipped 
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furnace was ordered, and later when this proved successful two 
more were added. 

Each furnace has two openings, close together, one for the 
placing of ware in the furnace, and the other for its removal. 
Each furnace is equipped with 12 sets of chromel-ribbon 
elements, placed at the top in a horizontal position across the 
rear half of the furnace. The insulating material used is Sil-O-Cel 
brick, and the pins are of chrome nickel. 

In between two of these furnaces were built two drying rooms, 
while a third was located in front of the third furnace. Above 
the openings of each of the furnaces are large metal hoods, and 
these supply the drying chambers with the necessary heat which 
escapes from the furnaces. Weaving in and about these drying 
rooms, and reaching with one point as far as the opening of each 
furnace, are three sets of monorail conveyors with vertical racks 
suspended at short intervals the entire length of the endless chain. 

For the ground coat one point of the first conveyor passes 
directly over a dip tank. The various stove parts are dipped 
here, they drain as they pass into the first drying chamber, are 
given a spray of black edge after circulating through this chamber 
for fifteen minutes, and are then removed from the conveyor, and 
placed in the furnace. 

After the ware has completed one revolution of the furnace it is 
removed, and placed upon a straightening caterpillar. By the 
time the ware reaches the end of this conveyor, it can be handled 
easily with asbestos gloves, and placed on the next conveyor for 
further treatment. Circling back and forth four times over a 
space about 40 ft. long, it has cooled sufficiently to permit of 
spraying. A spray booth is located just before the conveyor 
enters the second drying room. The brushing is done upon the 
emergence of the parts from this chamber. The process is com- 
pleted by the application of a second coat of porcelain, a third 
drying and burning, and the ware then receives its final inspection. 
A belt conveyor takes the finished product to the assembly floor 
above, and it is then ready for production. In all, less than two 
hours are required between the time any one piece is dipped, 
before it is sent upstairs on the belt conveyor, a finely finished 
product of porcelain ware. 

There are certain stove parts which are not suitable to run 
through this conveyor system, such as the very small pieces, and 
some of the cast-iron parts. For these a straight furnace, elec- 
trically equipped is used. 

These methods have reduced the discount, including scrap, 
wash, and re-sprays to as low as 2 per cent on some parts, while 
the maximum discount rarely goes above 15 per cent, and this 
unusually low discount prevails under a system of inspection as 
rigid as any to be found in any porcelain plant. Not only are the 
benefits of the conveyor system derived as regards its labor sav- 
ing, and higher efficiency features, but likewise a better quality 
of ware results than otherwise would be obtained. It is obvious 
that the old method of placing the ware in racks between opera- 
tions exposes it to a collection of dust and dirt which spoils the 
finish. By the use of the present system, there is no time lost 
between operations. The parts receive a minimum of handling, 
thus eliminating much of the waste due to marring of the surface. 
Once placed on the conveyor after dipping, no part is handled 
except for burning and brushing. Again, in burning, the parts 
are placed continuously on hot pins, and gradually brought to 
the burning temperature, and as gradually allowed to cool. 
Also, by the use of the rotary furnaces, the human element is to 
a great extent eliminated in the firing process. Firing is mechani- 
cal in operation, and each piece receives just the proper heat to 
produce a glistening, snow-white finish. 

The pickling system used is unlike anything else of its kind in 
the ceramic industry. Here too the conveyor system is used, 
coordinating perfectly with the rest of the equipment. The 
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metal pieces as they come from the press room are suspended on 
hooks or in baskets on a series of steel rods about 1'/, in. in di- 
ameter, and about 7 ft. wide. These, bars are fastened to a 
heavy roller chain which passes over huge gears so placed and run 
on a schedule as to permit the metal to be thoroughly cleaned and 
pickled. This conveyor runs at a speed of 140 ft. per hr., and 
has an almost unlimited capacity. The conveyor and five tanks 
are housed in a glass enclosure which is well-ventilated, and 
arranged so that every part of the machinery is readily accessible 
in case of ajam. Although the speed of the conveyor is constant 
at all times, the period of immersion of the sheet-metal parts in 
the various tanks is regulated by the length of the horizontal! 
section of the conveyor immediately above each tank. 

The complete system comprises, therefore, a pickling conveyor, 
three rotary furnaces, three drying chambers, three connecting 
systems of monorail conveyors, three straightening caterpillars, 
and the belt conveyor which takes the finished product to the 
assembling floor. 

Real progress in progressive methods of production within the 
stove industry have been more noticeable in the last two years 
than during any previous length of time. It is predicted that the 
revolution which has been in progress for so many years regarding 
methods of production in the fabrication of stoves, will very 
shortly raise the stove industry to the high rank which it right- 
fully deserves among the other leading industries of this country. 


Production Method Used in the 
Electrical Industry 
By E. L. SPRAY,’ MANSFIELD, OHIO 


The principal field for use of conveyor systems in the electrical 
industry is in the manufacture of devices that are operated by 
electric current. In this paper the author describes production 
methods used in the plant of the Westinghouse Electric and Manu- 
facturing Company at Mansfield, Ohio. Sad irons, ranges, 
switches, waffle irons and toasters are now assembled on conveyors, 
and assembly costs have been reduced from 15 to 35 per cent. 
Results obtained include lower labor costs, reduced inventories, 
fewer rejects, less floor space, better processes, better machining, 
and a more uniform product. 


HE ELECTRICAL industry is concerned with a vast vari- 

ety of apparatus for the generation, transmission, and utiliza- 

tion of electric power. As a general rule the manufacture 
of prime movers and generating equipment is so specialized, and 
depends so much on engineering and manufacturing skill that 
it is not feasible to attempt to place these on a conveyorized 
production basis. The same is true of the larger type of power 
transformers. The distribution transformer, however, is built in 
standardized ratings, in large quantities, and both the Westing- 
house and General Electric Companies have installed straight- 
line production methods for this type of equipment. 

It is, however, in the field of the manufacture of devices for 
the utilization of electric current that the greatest volume is 
found, and as would be natural, the greatest use of conveyorized 
methods obtain. Electric-light bulbs, motors, fans, radios, irons, 
toasters, waffle irons, percolators, meters, ranges, safety switches, 
and many other devices are being produced on a mass-production 
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basis. A few vears ago business at the Mansfield works of the 
Westinghous.s Company had outgrown the facilities. In ex- 
panding the management felt that the time was ripe to consider 
mass-production methods for the lines manufactured. 

One of the first objections put forward was that there were 
too large a variety of models or styles. There were approxi- 
mately 4500 styles of completed apparatus, but a surprisingly 
large amount of the total sales were on a relatively small number 
of styles. It was, therefore, decided to set up on these items, 
and to continue old methods on the least active lines, except where 
common parts could be processed together. 

This led to the division of the plant into a number of smaller 
plants, so to speak, and each major line of apparatus was con- 
sidered as a separate business. It was decided to set up the 
range, sad-iron, switch, and appliance divisions on a straight- 
line basis, pretty much independent of each other. 

The next step was to study conveyor application. Since so 
much had been written and said about conveyorized production 
methods it was felt that the conveyor must be the heart of the 
matter. Some time was spent studying conveyors in the auto- 
mobile plants, but of course none of them were designed for 
sad-irons or ranges. This raised the questions, ‘What is the 
function of the conveyor? What does it do?’ The simplest 
definition was that a conveyor transports material at a definite 
speed over a definite route. Therefore, it provides for three 
things: (1) Transportation, (2) definite speed or time, and (3) 
definite routing. The value of any conveyor may depend on 
any one of these things, or on a combination of any two or all 
three of them. 

It was to perform the first function that conveyors were first 
used, mainly for handling bulk materials. Many conveyors 
are still installed for this purpose. The bulk-material conveyor 
has been followed by package conveyors of various kinds. 
Many of these are designed with very intricate deflecting arrange- 
ments which permit of selective routing of packaged materials. 

About two years ago the Westinghouse Company installed a 
complete conveyor system of this nature in a new warehouse. 
This is primarily a transportation unit, but a number of benefits 
have been gained from the definite-routing feature. 

One of the first conveyors installed was a cord-assembly con- 
veyor. The number of operators required to assemble the attach- 
ment plug to the cord are few, and the materials-handling feature 
foo small to count, but a 33 per cent reduction in labor cost 
resulted by the pace-setting feature alone. This unit was the 
first of a number of pace-setting conveyors. 

Sad-irons, ranges, switches, waffle irons, and toasters are now 
assembled on this type of conveyor, and assembly costs are re- 
<luced from 15 to 35 per cent. 

There was considerable opposition to the conveyor idea. The 
simple cord conveyor was of great help in selling the skeptics, 
and it is important thoroughly to sell the conveyor idea to the 
supervisors who are going to operate it. No conveyor will prove 
as valuable as it can be made unless the supervisors are con- 
vinced of its practical value. It is also equally important that 
the supervisors be thoroughly familiar with the product to be 
assembled. It is, therefore, desirable to retain the supervisors 
who were in charge of the work under the old system, and sell 
them on the conveyor idea, and one of the best ways of doing 
this is to have them help make the new layouts. When the 
time came, the change over to the new plan was made with 
practically no labor turnover. 

The introduction of conveyor methods rendered obsolete the 
old individual-incentive plan of wage payment, and the com- 
pany was forced to replace it with a group-bonus plan. This 
system was put into use very carefully, and has been a large 
factor in the success of the conveyor plan. 


Another type of conveyor in which the definite time element 
is all-important, is the process conveyor, used for painting, 
baking, drying, vitreous enameling, heat treating, ete. The 
human element is almost entirely eliminated, and the same 
results are produced day after day. This results in lower rejects 
and lower costs. 

Due partly to conveyors and partly to improved process con- 
trol, spoilage on one finishing process was reduced from an 
average of 12 per cent to less than one-half of one per cent. 
Even if no direct labor savings are made the reduction in rejects 
alone often returns the whole investment in a very short time. 

As in the case of assembly conveyors the process conveyor had 
to be accompanied by a new group-bonus wage-payment plan 
and as an incentive for carefulness and close attention to detail 
a system was inaugurated called the quantity, quality, and pen- 
alty bonus. In this plan the base bonus is determined by quan- 
tity. To this is added a varying per cent for reduction of rejects 
below a fixed standard. A penalty is deducted for any work 
passed which is not up to the standard, and which is rejected on 
final inspection. This penalty is stiff enough to discourage tak- 
ing a chance on quality. 

Also coupled with the process conveyor must be a very accu- 
rate process-control plan. It is often overlooked, and many 
conveyorized-process layouts are condemned that could be made 
to work smoothly if the process were controlled within very 
definite limits. 

The definite-routing feature is one that is likely to be over- 
looked by the uninitiated in figuring the value of a conveyor 
installation. The value placed on it is not as great as it deserves. 
The fact that the work flows from operation to operation, or 
from process to process in an orderly way without delay, and in 
a predetermined order has reduced manufacturing inventories 
very materially. The reduction in inventories alone has more 
than paid for the equipment in the example given. This re- 
duction in inventories did not come all at once, but was gradual. 

It was necessary to learn better production-control methods, 
and it was soon found that if material was started at the right 
time, it would be at the proper place on the assembly line at the 
proper time. Therefore, production-control efforts were centered 
on getting things started at the right time. If parts are started 
too soon congestion and extra handling results, if started too 
late the assembly line is held up. So a production-control 
system of the highest order must go hand in hand with every 
conveyor layout. 

A graphic-control plan is used that starts with a definite 
graphic plan for each assembly conveyor. From this chart a 
plan is made for each component part back through the finishing 
departments, fabricating departments, etc. to the raw-material 
requirements. Every part is checked monthly, and each day’s 
performance is indicated on the feeder and assembly charts so 
that it is known at all times exactly how things stand. 

The definite-routing plan also results in less supervision, as 
the foreman does not have to spend a large part of his time chas- 
ing jobs through the department. This has tended to raise 
the standard of the foremen, and they have been very active 
in cost reduction work, which was not possible when their time 
was taken up with the daily routine of following work to see 
that schedules were met. 

To sum up briefly, the results of conveyorizing have been: 
Lower labor costs, lower inventories, lower rejects, less floor 
space, better processes, better planning, better tooling, and a 
more-uniform product. 

Raw material is received in about the geographic center of the 
plant. It consists, of course, largely of sheet steel, some castings, 
and other raw material. The sheet steel is not bought to exact 
size, because so many different parts are fabricated that the stock 
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of sheet steel would have to be tremendous if exact sizes were 
carried for various requirements. Therefore the sheet steel is 
taken first to the shear room by traveling crane, sheared to size, 
and distributed either to the right or the left from the shear room. 
To the right are two punch shops, instead of operating the entire 
punch shop as one department it is operated as four punch shops 
carrying out again the idea of four main lines of the business. 

Onthe one side are the appliances and safety-switch punch press, 
on the other side the sad-iron and the range punch shop. Each, 
however, is separate. This has resulted in several savings. 
For instance, in appliance manufacture a high-class finish of 
a sheet of steel may be necessary, while in the production of 
safety switches careful workmanship is most essential. Opera- 
tors accustomed to handling safety switches do not pay par- 
ticular attention to the finish By separating the two, and sepa- 
rating the operators and die setters, they become thoroughly fa- 
miliar with the particular work they are on, and it has resulted 
in lower costs. 

The work, after passing through the punch shop goes into a 
bunker storage or cushion. Of course, the work is put through 
the punch shop in manufacturing quantities, which may be, and 
in most cases are at least a month’s supply of that particular 
part, and in some rare cases it may be even two or three months’ 
supply, if the money value is small and the operation numerous. 
From cushion stock the parts are drawn in daily lists, each list 
going to the finishing departments a day in advance of the time 
it is required on the final assembly line. Parts are routed 
through the cleaning and japanning operations or through the 
vitreous-enameling operation. 

Vitreous-enameled parts are four days ahead of the final- 
assembly line rather than a day ahead, due to the longer process, 
and due to the fact that the vitreous-enameling plant is located 
away from the main plant. The parts as they go through the 
washing machine and the japan ovens, are loaded on the ground 
floor, and are taken up on the third floor of the range assembly 
building, which is the building in which the range assembly 
conveyor is located. The parts are put into boxes with a 
pin rack on the end of the box, and a long pin is inserted in the 
rack. The location and height of this pin in the rack de- 
termines the overhead-storage line to which this box of parts 
will go. 

Running the full length of the building in the center is a long 
belt on the ceiling, with 40 overhead gravity storage lines. 
Each one is controlled by an automatic deflector. The box goes 
to rest in the overhead-storage line for which the pin is set. Run- 
ning along the outside edge of the building is the final-assembly 
line which is also the full length of the building. Immediately 
back of that is what is called a service conveyor, bringing parts 
to the assembly. The assembler has a box of parts directly back 
of him to one side of the service conveyor, and as he uses up the 
box of parts or gets near the end of the box of parts, he releases 
a stop in the overhead line on which the particular part is stored. 
Any particular assembler is concerned with but two or three 
parts, so it takes but a moment to release the box from the 
overhead line. That box travels to the end of the building, 
comes back at floor level, directly back of him and is pulled 
off at his station, and the empty box is returned to the japan 
oven or to the nickel department on the floor above. Parts from 
the nickel-plating department are fed into this same system, 
and also the parts from the enameling department. In that 
way the entire storage of larger parts and those of the final- 
assembly line are stored on the ceiling, which gives a space 
underneath, and a space directly adjacent to the final-assembly 
line for sub-assemblies. 

The first thing that goes on the final-assembly conveyor is a 
crate bottom. To that is attached the base band of the range, 
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and then the range is built on the base band as it progresses 
down the line. It is finally tested, and the balance of the 
crating is nailed to it as it continues to travel, and it is lowered on 
a flat conveyor into the warehouse where it comes out directly 
under a traveling crane, but up some 29 ft. from the floor. The 
traveling crane picks it off, and stocks it in a high crane bay until 
time for shipment. The same crane, of course, picks them up 
from the stock, and delivers them directly to the car door. 

The same general plan is worked out on all the other devices, 
with the exception of appliances. There was not sufficient 
volume on any one appliance to warrant putting in a conveyor 
system for that particular appliance, so a system was installed 
which is flexible enough so that there can be assembled over 
the same conveyor toasters, waffle irons, and percolators. As 
the appliances are completed on the assembly conveyor, they are 
packed, go through a sealing machine, drop out of the end of 
the sealing machine automatically on to a conveyor belt which 
carries them across the top of two other buildings, over into the 
finished warehouse, delivers them to any floor in the warehouse 
that the dispatcher sends them to, and to any point on that 
floor for storage. 

A long belt runs the full length of each floor of the warehouse, 
with a take-off deflector every 60 ft., so that in no case does stock 
have to be carried more than 30 ft. to be stored. Since it is a 
two-way belt, stock can be sent from a stocking point for ship- 
ment, over the same belt system, and can be delivered directly 
to the cars or to the accumulation floor for less than carload 
shipments. 


Progressive Assembly in a Washing- 
Machine Factory 
By H. M. LANE,‘ DETROIT, MICH. 


In this paper the author tells of mold- and sand-handling equip. 
ment as installed in the aluminum and gray-iron foundry of a 
washing-machine plant. Conveyors were used also between the 
various grinding, polishing, and finishing operations with good 
results. For the assembling operations inter-related conveyors are 
used to bring the various parts together. In the spray-painting 
department conveyors and continuous ovens are used. 


facturing industries has taken a considerable percentage of 

the domestic help away from the home, and this has re- 
sulted in a demand for all classes of household labor saving equip- 
ment. These include iceless refrigerators, washing machines, iron- 
ing machines, vacuum cleaners, floor polishers, dish washers, and 
other appliances. One of the most outstanding examples in the 
household utility field is that of the Maytag washing machine. 
This organization has gradually switched from the production of 
a general line of agricultural equipment to practically a 100 per 
cent washing-machine output, and as the sales organization 
brought heavier demands on the factory for output, the engineers 
have had to answer this demand by using an ever-increasing 
number of continuous production units. 

One of the first units installed was in the aluminum foundry. 
Here a series of mold-handling conveyors, sand-handling appa- 
ratus, etc. were put in which cut the labor cost of aluminum cast- 
ings to less than one-half of the previous figure. With the re- 


Etta in number of large masses of help used in manu- 


4 President, The H. M. Lane Co., Detroit, Mich. 

Presented at the Management and Materials-Handling Meeting 
of the A.S.M.E. at Detroit, Mich., May 1 to 3, 1929. 

Note: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 
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arrangement of the aluminum foundry came the first attempts in 
the manufacturing department to resort to progressive work, and 
conveyors for handling the parts between the various grinding, 
polishing, and finishing operations were introduced and experi- 
mented with. The next step was the organization of the gray- 
iron foundry, in connection with which a fully equipped series of 
conveyor units were installed. Seventy-two molders using 
12 mold carriers in a modern two-story foundry cut the cost 
of gray-iron castings to less than one-half of their previous cost 
including material and labor. When this unit was installed pro- 
gressive manufacturing and assembly was also introduced in the 
machine shop, and a conveyor system worked in to take care of it. 
By proper design of the foundry and the use of ample dust-col- 
lecting equipment it was found possible to combine snagging, 
grinding, polishing, and buffing departments into one unit on the 
first. floor of the gray-iron foundry, and this made a big saving in 
the stock of parts that had to be carried on hand between de- 
partments, and resulted in a steady flow of parts to the machining 


operations. 
In the case of the aluminum work the old gray-iron foundry 


was taken as a grinding, polishing, and finishing department for 
aluminum castings, and this work was all arranged for progressive 
handling. The gray-iron foundry, however, was located in the 
path of the parts if they were to flow in their proper order to 
assembly, and as a consequence during the construction of the 
gray-iron foundry provision was made for a tunnel under the 
foundry, and a series of conveying machinery was introduced into 
this tunnel which takes all the finished aluminum parts under the 
foundry, and up to the higher floors of the assembly. In con- 
nection with the assembly itself inter-related conveyors are used 
for the different parts so that the parts are brought together 
properly timed for the final assembly, and, the machine finally 
leaves the assembly line on its own casters. In this condition 
machines pass their final inspection, and enter the painting 
department. Here again conveyors and continuous ovens are 
used, which assure a steady flow of work with a minimum labor, 
a minimum use of materials, and an elimination of irregularities 
in the product due to the constant control of temperature condi- 
tions in all parts of the painting and finishing portion of the 
factory. 
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Selective Package Conveyors 


By W. O. HILDRETH,'! SYRACUSE, N. Y. 


Severe competition is forcing every manufacturing industry to 
secure the most efficient layout of machinery and the maximum out- 
put from every square foot of floor space. Economical handling of 
materials, orders, letters, and instructions within the plant are im- 
portant to secure the highest efficiency. 

Conveyors of many types are now available, and “selective” con- 
veyors are an important cariety. These are adapted for automati- 
cally delivering fackages or materials to various predetermined 
points selected by the sender at the time the material is dispatched. 

The selection of destination may be determined by the size or 
weight of the package itself or by the position of a movable finger or 
selective pin. If the material to be transported is carried in trays 
or tote boxes over a conveyor system the movable selective finger can 
be mounted upon the upper front edge of the tray. This selective 
finger, for light service, may itself be used to deflect the tray from a 
conveyor by means of a switch bar, or may operate an electric 
circuit maker to control the movement of a heavy deflector bar. 

The latest method of selection employs a separate pilot car carry- 
ing the selective pin and followed upon the conveyor belt by a string 
of boxes, cartons, or bags which are all going to the same destination. 
The procession is followed by a caboose car carrying a selective pin 
which releases the deflector bar after the caboose has passed and 
allows the deflector to swing out of the path of passing pilot cars 
until another car approaches with its selective pin in the proper 
position to operate this particular deflector. 


T THE present time all manufacturing plants are be- 
ginning to face most severe competition on costs, with little 
or no prospect of any reduction in hourly rates for labor. 

Every device that will increase the efficiency of the present 
working force or which will increase the output from a given 
floor space must be given the most careful consideration. 

The transportation problem within the manufacturing plant 
is just as important as the transportation problem from the 
mine to the mill and factory. Any delay or congestion of trans- 
portation within the plant will lead to idle machinery and conse- 
quent loss of production, and to an inefficient utilization of avail- 
able floor space. 

The distribution of production orders in the factory and the 
prompt handling of correspondence, orders, and the multitude 
of papers in a modern administration building connected with a 
large factory is of equal importance in the prompt filling of 
orders and in keeping up the necessary output. 

The present paper is intended to cover only one group of 
the many types of conveyors available for package handling, 
and is limited to conveyors known as “selective” conveyors. 

A selective conveyor is a conveyor adapted for automatically 
delivering packages or materials to various points predetermined 
by the sender at the time the material is dispatched. 

These conveyors may carry the materials vertically and dis- 
tribute them to stations located on several floors, or may dis- 
tribute them to a number of stations located on one or more 
floors and covering points separated by considerable horizontal 
distances. 


1 Conveyor Engineer, Lamson Co., Inc. 

Contributed by the Materials Handling Division and presented 
at the Rochester Meeting, Rochester, N. Y., May 13 to 16, 1929, 
of Tue AMERICAN SocieTy OF MECHANICAL ENGINEERS. 
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understood as individual expressions of their authors, and not those 
of the Society. 


Two Groups or SELECTIVE CONVEYORS 
Selective conveyors may be broadly divided into two groupings: 


1 Those conveyors where the selection is made by the 
package itself, and 

2 Those where the selection is made by a selective pin or 
finger which can be moved by the dispatcher at the sending 
point so as to determine the destination of the package. 


In the first group the selection may be considered to be in the 
nature of a sorting operation. 


Fie. 1 Two Verticat SeLtectiveE Conveyors Sipe sy SIpE 


(There are sending stations at the front of both conveyors and receiving 
stations at the back or downgoing side of both conveyors. 

The receiving station for the left-hand conveyor is lower than for the 
other conveyor, and a roller gravity conveyor brings the tote boxes around 
to the front alongside the right-hand conveyor. 

The receiving station for the right-hand conveyor is above the other 
receiving station and is carried around and brought forward alongside the 
left-hand sending station. 

This arrangement conserves space and gives considerable storage on the 
gravity conveyors. 

A shallow tote box is shown on an upgoing car on the left-hand conveyor 
just above the sending station and an empty deep tote box is shown at the 
left-hand sending station waiting for an empty car.) 


If the packages are boxes or cartons of varying heights, they 
can be sorted or selected upon a moving conveyor and each 
distinct height of box can be deflected from the conveyor at a 
separate point. 

If the box is not too high in proportion to its length, the 
highest box can be deflected from the conveyor by a diagonally 
located deflector bar which will catch and deflect the highest 
box and will allow the other boxes to pass freely under it. 

A succession of such deflectors at constantly decreasing heights 
will finally complete the sorting and will deflect all boxes of the 
same height to the same point. 
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If the boxes are too high in proportion to length to be safely 
moved in this way by a deflector bar which must necessarily make 
its contact with the box near the top, the selection can be made 
by a light lever operating an electric circuit maker. This circuit 
maker, through a solenoid magnet or a small motor, can swing a 
deflector bar across the belt at a suitable angle to deflect the 
package. The deflector bar can be located near the bottom of 
the package and will not overturn a box or carton. 

In order to give sufficient time to operate such a deflector there 
must be a certain interval between the packages. This space 
interval can be secured by speeding up the conveyor on which 
the deflectors are located. 

If this conveyor travels at double the speed of the conveyor 
upon which the packages were originally dispatched, the center- 
to-center spacing of the packages will be doubled. 

If the selection is to be made by weight, it is possible to operate 
a deflector bar electrically by means of a solenoid magnet through 
a weighing-scale beam operated by the package as it passes 
along a belt conveyor. 

In any such sorting arrangements by weight it is necessary to 
have a certain distance between the packages, and this limiting 
distance can be secured as before by locating the weighing device 
on a belt that travels faster than the belt from which it receives 
its load. 


Pin-Tyee CoNVEYOR 


In the second group there are included four different types that 
are sufficiently distinct to deserve separate consideration, and 


Fic. 2 Two Verticat SeLective Conveyors INSTALLED SIDE 
BY SIDE 


(Both of these conveyors have sending stations on the front or upgoing 
side of conveyors about three feet above floor, and receiving stations on the 
back side of conveyor where tote boxes are automatically delivered to 
roller gravity conveyors. 

Near the ceiling there are other sending and receiving stations where tote 
boxes are received from overhead conveyors and redispatched to their 
various destinations by an operator.) 


all employ the movable selective pin or finger to determine the 
destination of the package. 

The first of these types is one where there are a definite number 
of cars positively connected to one or more chains. These cars 
have bottoms consisting of several parallel fingers and are adapted 
to comb upward through dispatching stations which are also made 
up of parallel fingers located in positions between the car fingers. 

The cars pick up packages or trays that are laid on the dis- 
patching-station fingers as the cars pass upward through the 
stations. 


There is in this conveyor a constant succession of cars passing 
up and over the top sprockets and a descending line coming down 
and passing under a take-up sprocket and moving upward again. 

The loads are delivered on the descending side of the conveyor 
upon receiving-station fingers which receive the loads from the 
cars when the cars comb down through these fingers. 


Fie. 3 Two Verticat Sevective Conveyors INSTALLED Sipe 
BY SIDE 

(Local sending and receiving stations near the floor and another set of 
sending and receiving stations near the ceiling used in connection with a 
system of belt and gravity roller conveyors as a central distribution point. 

An operator receives the tote boxes from the conveyor lines and redis- 
patches them to their proper destinations as indicated by a direction card 
with the tote box. 

The floor receiving stations are at different levels to avoid interference 
and to conserve space, and the receiving stations at the ceiling are separated 
in the same way and deliver over gravity roller conveyors directly to belt 
conveyors.) 

These receiving-station fingers are usually inclined enough so 
that the load will slide out of the way of the next succeeding car, 
or the fingers may consist of moving belts or chains that will 
positively carry the loads out of the way. 

If there are two or more receiving stations a selective conveyor 
can be had by providing means controlled from the sending 
station to throw the receiving-station fingers into the path of 
the proper car so as to remove the load at this receiving station. 

If there are only two or three receiving stations and if loads 
are sorted so that many loads in succession are delivered at the 
same point, a very simple mechanical connection manually oper- 
ated from the sending station will give selective service. If an 
attempt is made to serve more than three or four stations and if 
loads to different stations are intermingled without preliminary 
sorting, much time will be lost and many cars will be sent empty 
from the sending station. 

It will be practically impossible, with manual operation, to 
time the proper receiving-station fingers with the car that contains 
the load for that station. 

With such comprehensive systems it is possible to actuate the 
receiving stations fingers by the car which has a load for this 
particular station. 

Under these conditions it is practicable to load every car and 
have each successive car deliver at a different station with no 
delays because of any requirements that a car shall deliver its 
load before another loaded car is dispatched. 

One practicable method that has been developed for such a 
system has a sliding finger on the car that can be moved at the 
sending station to as many different positions as there are re- 
ceiving stations. When the car approaches the station corre- 
sponding to this particular finger setting, the finger comes in 
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contact with a lever which drops the station fingers into the path 
of the car and thus removes its load. 

All cars with the selective finger set in a different position will 
pass the station operating lever without coming in contact with it. 
After the car has passed the station the selective finger comes in 
contact with a lever which raises the receiving-station fingers up 
out of the path of succeeding cars. This direct method of 


Fic. 4 SENDING AND RECEIVING STATION FOR A VERTICAL SE- 
LECTIVE CONVEYOR FOR HANDLING TRAYS CONTAINING SMALL Parts, 
Letrers, Papers, AND Books 


(The car containing a tray is shown just above a receiving station. The 

inclined fingers of the receiving station are in a position to receive the tray 

as the car descends. A loaded tray is shown in position to be picked up 
by the next upgoing car.) 


operating the station fingers is practicable for moderate-sized 
stations. 

For very heavy work it is not desirable to operate the station 
fingers directly from the cars, and for such service the selective 
finger can operate an air valve controlling the admission of air 
to a pneumatic cylinder of a suitable size for the work to be done, 
or the selective finger can operate an electric circuit maker for 
starting a motor capable of operating the fingers. 

At some point in the system between the last delivery station 
and the sending station a cam returns the selective finger on the 
car to a neutral position that will not operate any of the receiving- 
station fingers. 

Such a system can have as many sending stations as receiving 
stations so as to give intercommunicating service between all 
stations, and such standardized conveyors are used for trans- 
porting books from stacks to delivery desk in libraries and for 
transportation of letters and files between different offices in a 
large building. 

For such office service loose letters are generally handled in 
trays of the size used for letters on office desks. With cars 
capable of handling a tray about 12 in. X 15 in. it is possible to 
extend the line horizontally and locate sending and receiving 
stations at considerable distances from each other. 

However, there is one limiting condition. The line must be so 
laid out that sending stations and receiving stations are located 
on a short vertical section of the line, so that the car can pick 
up loads when it is ascending and deliver its loads when it is 
descending. 

A vertical selective-type conveyor can be loaded automatically 
from a gravity roller conveyor or from a belt conveyor, and can 
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deliver its load to a conveyor system after the load has been 
selectively delivered at the proper floor. 


SELEcTIVE TRAY CONVEYOR FoR Licut ARTICLES 


The second of these types is commonly known as a selective 
tray conveyor and is used for the transportation of letters, 
papers, or small machine parts that must be handled in trays or 
tote boxes. 

These trays may be transported horizontally on belt or gravity 
roller conveyors and may be automatically carried on vertical- 
type reciprocating conveyors of the single-car electric-elevator 
type or on the continuously running vertical conveyor with its 
succession of cars driven by sprockets and chains. 

In this type the selective fingers are mounted on the front of 
the tray, and may consist of movable pins which can be inserted 
into a succession of holes placed along the front end of the tray. 
For moderate-sized trays with light loads, the trays may be de- 
flected from the conveyor by switches that engage with the 
deflector pins and deflect the tray from the conveyor. 

On such a conveyor system a tray will pass all switches except 
the one for which its selective finger is set, and will be deflected 
from the conveyor only at its own particular station. 

The number of graduations practicable for any tray depends 
upon the width available for locating selective-pin positions. 
The minimum spacing of the pins will depend upon the accuracy 
of the various parts of the tray and conveyor. 

For light conveyors with parts formed up from ordinary struc- 
tural steel it is practicable to locate switching fingers on */,-in. 
centers and still secure ample strength and dependable service. 
For heavier service requiring more rugged construction a wider 


Fie. 5 Senptinc anp REeEcEIVING STATION FOR A VERTICAL 
SeELectiveE CoNvVEyYOR FOR HANDLING Trays CoNnTAINING WATCH 
Parts 
(This conveyor is used also for distributing letters and papers in offices 
and for transporting books in library from stacks to delivery desk. It will 
give intercommunicating service between stations or can be used to send 
and receive between a central station and a number of outlying stations.) 
graduation spacing should be provided to give room for stronger 


pins and more rigid switching devices. 


Heavy-Type SELEcTIvVE TRAY CONVEYOR 


The third of these types is also a selective tray conveyor but 
is one which is adapted for heavier loads that cannot safely be 
deflected directly by a selective pin engaging with a switch. 

To accommodate large packages or heavy loads the trays must 
sometimes be so deep that it would be impracticable to deflect 
them by a pin located high above the conveyor. In this case 
use is made of a heavy movable deflector bar located just above 
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the conveyor and actuated either by a solenoid magnet or a small 
motor. The selective pin is located as before on the top of the 
tray, but all that it has to do is to operate a circuit maker which 
controls the magnet or the deflector motor. 

This arrangement is capable of handling the most rugged 
deflector bar, and will deflect any load that it is practicable to 
handle on a conveyor. 

After the tray has passed from the main trunk-line conveyor 
the same selective pin comes in contact with another circuit 
breaker that releases the deflector bar and allows it to return to 
a position parallel to the axis of the conveyor, where it will 
remain till another tray approaches having a pin setting that 
will operate this deflector. 

With such a system it is perfectly practicable to have two 


Fic. 6 Smpie Form or VertTIcAL CONVEYOR FOR AUTOMATI- 
CALLY RECEIVING A TRAY ON THE UpGoInG Sipe AND DELIVERING 
NEAR THE Top ON THE DownGornG SIDE 


(The tray approaches the vertical conveyor on a gravity roller conveyor 

and is held by a stop until the proper time arrives to enter the dispatching 

station. The tray is delivered upon a gravity roller section and can be 
transferred to any type of conveyor for further distribution.) 


banks of pins. One bank will control the deflectors on the main 
trunk line, switching the tray to any one of a number of branch 
lines, while the second bank controls the switching of the tray 
to its individual station on the branch line. 

In actual practice the branch lines often lead to separate 
buildings, and the secondary bank of pins will control the switch- 
ing to the individual stations within these separate buildings. 


CarTON CONVEYOR FOR WAREHOUSES AND Car LOADING 


The fourth type of selective-conveyor control is of quite 
recent origin and covers a wide field, the limits of which are 
not yet in sight. 

At the present time there is a rapidly increasing tendency to 
ship almost every kind of a product handled in a grocery store 
in convenient retail packages packed in cartons of convenient size 
to be handled by one man. 

Such cartons are conveniently and safely handled at their point 
of origin over belt conveyors to storage warehouses and from 


storage to cars, but it involves much handling to place the cartons 
in selective trays, and also requires that the empty trays be 
returned again to the loading point. 

To eliminate the trays we now send a pilot car ahead of a 
long string of cartons on a conveyor belt and put selective pins 
on the pilot car. When all the cartons going to a certain station 
are loaded on the conveyor they are followed with a caboose 


Fie. 7 Devivery STATION OF VERTICAL CONVEYOR FOR HANDLING 
Trays or PALLETS 


(The pallets with their load of small packages are carried away from the 
vertical conveyor by a gravity roller conveyor.) 


car having a selective pin to release the deflector bar, and the 
whole train, including pilot car, cartons, and caboose, is shunted 
from the trunk line to the proper branch line leading to the 
section where these particular cartons belong. 

For such a system the deflector bars are operated electrically 
by a small motor provided with a worm-gear reducer. A crank 
arm on the reducer shaft is connected to the deflector bar by a 
connecting rod so that the deflector bar is held open or closed 
positively when the crank arm is in line with the connecting rod. 

Such a system is particularly well adapted for a plant making a 
variety of cereal products such as breakfast foods. 

There are usually four or five separate buildings making as 
many separate products, each with a storage and shipping room 
adjacent to a railroad siding, on the first floor. As these products 
are more or less seasonal it is desirable to utilize the storage 
space in one building for the products of another building at 
certain times of the year. 

Each of the buildings has a railroad siding and full carloads 
can be shipped from stock already in the building, but many 
mixed carloads are shipped which require stock from all of the 
other buildings. For such service the selective system, with 
pilot cars, is particularly adaptable. 

The shipping department has each morning a schedule of cars 
to be loaded for that day and can arrange the necessary transfers 
from building to building to make up their mixed carloads. 

As the railroad usually makes two shifts of cars per day, it is 
possible to send from one building to another the exact number 
of cartons required to fill any particular car at the proper time, 
and deliver the cartons at the proper car door as fast as they 
can be handled by the loading crew. As such conveyors can be 
located high enough above the floor to give head room beneath 
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and can pass from one building to another with standard clear- 
ance over railroad sidings, they do not occupy valuable floor 
space. 


Various Uses or SELECTIVE CONVEYORS 


Among the other industries that have utilized selective con- 
veyors might be mentioned the flour-milling industry, which has 
the same problem to solve in loading mixed carloads of flour and 
feed in various-sized packages. 

The canning industry with its wide variety of canned soups 
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and vegetables, which must be put into storage during a com- 
paratively short season and shipped for distribution over a 
much longer period, have used conveyors of the selective type. 

The manufacturers of leather and rubber shoes have used 
selective conveyors for the transportation of shoe stock and lasts 
from one operation to another during the manufacturing process 
and for shipping the finished product. One conveyor system 
which the author has in mind in one of the largest plants in the 
country for the manufacture of rubber footwear has a capacity 
for handling their output of 15 carloads per day. 


Vig 
- 
a 
4 
4 
if 
4 
3 4 
3 We 
‘| Ex 
tea! 
4 
5 
% 


| 
4 


1 
aan 
hid 
° “4 
| 
§ 
| 
# 
Ai 
“AR 
‘ 
ge 
| 
3 
4 
4 
? 
q 2 


4 
got 
2 
3 
4 
| 
q 
q 
3 
by 


? 


MH-51-9 


Symposium on the Skid Handling of Inter- 
plant Shipment 


The first paper of this symposium, by C. B. Crockett, presents 
some of the economic aspects of the shipment of materials on skid 
platforms viewed purely from the standpoint of the shipper or re- 
ceiver of the material. It deals with the equipment necessary and 
its uses, points out the small influence of freight transportation 
on total cost, and discusses the savings possible, giving illustrations 
of actual instances in various industries. 

The second paper, by R. L. Lockwood, outlines the development 
of materials handling from 1890, first in the handling of bulk goods, 
then in handling materials of construction, and, more recently, in 
handling goods in process in factories. The author shows that han- 
dling materials is unique in that the savings it makes represent net 
gains which are shared by all elements in industry. 

In the third paper J. V. Miller discusses the savings that can 
be effected in handling railroad stores by lift trucks and skid plat- 
forms, giving details of the procedure whereby one railroad has re- 
duced its handling cost by about 65 per cent and the cars tied up in 
shipping stores by about one-third. 

Following Mr. Miller, F. J. Shepard, Jr., outlines the develop- 
ment of the use of lift trucks for interior factory transportation, 
and briefly discusses their possibilities for interplant transporta- 
tion and for use between cities through freight and motor-truck 


shipments. He shows how the methods of packing and transport- 
ing paper have been radically changed in the past two years through 
the use of skid platforms for shipment, and gives figures of savings 
effected in a number of instances. 

In the fifth paper H. E. Stocker deals with the use of skids for 
water shipment. He states that in such work the handling can be 
reduced by keeping freight off the floor of the dock or the deck of the 
ship, and that the best method of accomplishing this is to receive 
freight from manufacturers already loaded on skids. In addition 
to the economy resulting from handling skids on the dock with light 
trucks, the author claims that the average sling load will be tripled, 
the ship's dispatch expedited, and the claims reduced, and that the 
total savings will be the equivalent of more than a 50 per cent cul 
in cargo-handling expenses. 

In the closing paper Geo. B. Wright discusses skid platforms, 
stock skid boxes, and power-lift and hand-lift trucks in the handling 
of cargoes in Great Lakes navigation. He points out that the big- 
gest problem to be faced is the practicability of interchange between 
carriers, and between carriers and industrial plants, and that the 
solution can only be arrived at through discussion between represen- 
tatives of industries, steam railroads, electric lines, steamer lines, 
city transfer trucking companies, and storage warehouses. 


Economic Aspects of the Shipment of 
Materials on Skid Platforms 


By C. B. CROCKETT,! NEW YORK, N. Y. 


This paper presents some of the economic aspects of the platform 
method viewed purely from the standpoint of the shipper or receiver 
of the material. The method is described both as to equipment and 
its uses, and to its relation to the manufacturing processes. A 
comparison is made between the total cost of physical distribution and 
the cost of freight transportation only, pointing out the small influ- 
ence of the latter factor in the total cost. The field of savings is 
then discussed, including labor costs, speed of car loadings, the 
container or skid, and the damage to material. These are illus- 
trated with actual instances which have occurred in various indus- 
tries. 

The paper concludes with a treatment of the possible growth of the 
system and the four main factors which may influence its more 
general adoption: namely, (1) the breadth of application to different 
commodities, (2) the coordination of the system with methods of han- 
dling within the plant, (3) the attitude of the railroads and other 
carriers, and (4) the degree of interchangeability developed in the 
equipment. 


HE purpose of this paper is to discuss some of the economic 
aspects of the method of shipping various commodities 
on skid platforms. The other papers presented in this 
symposium deal with the effect that national dimensional stand- 
ards will have upon the method, the necessity for interchange- 
ability in use, the effect on the common carriers, and the use of 
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the method in certain particular fields. The author will attempt 
to treat the subject from the standpoint of a user of this method, 
and will outline the factors to be considered and the results which 
have and may be obtained. 


How tHe Mernop Dirrers From PRESENT PRACTICE 


In the first place, what is the method and how does it differ 
from present practice? The essential factor in this method is 
the introduction of a container for shipment which adapts itself 
to mechanical handling in and out of box cars. Commodities 
which may be shipped in gondola cars or on flat cars may be 
handled mechanically by the use of overhead or traveling cranes. 
This equipment is impossible to use with the ordinary box car, 
and even with the use of portable conveyors there is still a large 
amount of hand labor in the placing or removing of the material 
in or from its location in the car. The only practical means 
(or at least the most generally accepted means) of mechanical 
handling in and out of box cars is by hand, electric, or gasoline- 
powered industrial lift trucks. All of these types of lift trucks 
have a common characteristic in that they multiply the capacity 
of the workman and have the improvement over the fixed-plat- 
form or “load-carrying” truck (either hand or powered) in that 
they pick up the load mechanically and in the minimum time. 
The requisite for handling with this type of equipment is that 
the load be carried in a container that has a clear space under- 
neath that will allow inserting the platform of the truck under- 
neath the load. If a packing case has legs it has then become 
a skid box. The general practice today is to load the skid plat- 
form or skid box at the completion of the manufacturing process, 
storing the material in the same container, and upon shipment 
transfer the loaded skid to the car. If a platform is used for 
such material as kegs or small boxes, these are generally wired or 
strapped together (see Fig. 1), but do not have to be secured as 
strongly as one would suppose because the entire load is generally 
secured after the car is loaded. 
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This method demands a revision of two elements of manage- 
ment, or better, a revision of the manufacturer’s conception of 
two units in his process. The first idea that is changed by this 
method is that regarding the size of the unit which he is to con- 
sider in his handling, storage, and shipping problems. The 
capacity of a machine is reckoned in the number of finished units 
that can be turned out. If these parts are small and are loaded 
into a container or skid box, the unit changes, and from that 
point on is the skid load, which may contain a thousand of the 
small parts. If the material has formerly been shipped as sepa- 
rate pieces the change is not difficult to accomplish, but if it has 
formerly been packed and shipped in containers such as cartons, 
boxes, or bags, and fifty of these now constitute a “skid load,” 
the saving from handling in these larger units, although apparent, 
is not so easily appreciated or measured. 

The second change that takes place in the adoption of this 
method is a revision of the dividing line between production and 
distribution. The manufacturing executive must be willing to 


car, and the unloading at the plant of the receiver and his cost 
in the moving in and out of raw material or incoming stores; 
and does not cease until the material is actually used by him. 
That this cost is divided between the shipper and the receiver 
and, in the case of an L.C.L. shipment, with the railroad is of 
no importance in a consideration of the merits of the system. 
This division of cost may tend to retard more general adoption 
of the method, but the modern plant has to do all it can in the 
way of service to meet competition, and if it can ship goods in 
a manner which will reduce the handling costs of the receiver, 
this is an added incentive to buy. This incentive to buy because 
the goods may be cheaply handled is of particular importance 
in the case of merchandise which is ready for sale upon leaving 
the plant of the shipper. Subsequent distribution operations 
conducted by jobber or wholesaler then become largely handling 
ones, and a reduction in handling cost is of paramount importance. 
In many actual instances it is the customer that demands that 
the goods be shipped to him in this manner, and in other instances 

the saving at one end alone more than offsets any costs. 


Course oF MATERIAL AND Wiruovut USE oF 
Sxip PLATFORMS 


Tracing the course of material in detail along the road 
of physical distribution and assuming that this material 
is in fairly small units but is not shipped on skid plat- 
forms, the following steps are as shown in the upper 
line of Fig. 2: (1) Upon completion of the manufactur- 
ing process the material is loaded on a hand truck or 
other means for (2) transporting it to finished stores; 
(3) upon arrival it is unloaded and remains in storage 
until ready for loading. It is then loaded (4) upon 
some transfer agency which (5) carries it to the car or 
into it, where it is again (6) unloaded and placed in the 
car and (7) shipped to the purchaser. Upon the arrival 
of the car at destination the material is (8) unloaded 
from the car and placed on something which (9) trans- 
ports it to incoming stores, where it is (10) unloaded 
and placed in storage. When the material is to be used 


Fie. 1 Mertrsop or Sxiprine Kees, Botts, Spikes, Erc., py THE STORES 
DEPARTMENT OF THE C. M. Sr. P. & P. R.R. 


(The 3000-lb. load is secured by steel strapping, the entire carload being secured 
by similar strapping placed around the inside of the car before loading.) 


examine his distribution costs with the same sharp scrutiny and 
the same rules for economy that he applies to his production 
process. Some writers have said that economical distribution is 
accomplished by extending the production line and its methods 
to the door of the consumer. The process of manufacturing may 
be divided into two broad classifications: first, the work done in 
the various processes; and second, the handling of the materials 
between processes. To eliminate a step in the manufacturing 
process is of course a self-evident saving in cost. The process 
of distribution, and by that is meant only physical distribution 
or the process of getting the material from the end of the pro- 
duction line to the hands of the consumer, can also be divided 
into two general classes of work: one, the transportation of the 
goods from one place to another, and the other the handling or 
rehandling of the goods at the start, the end, or at intermediate 
points along the journey where there is a change in the method 
of transportation. To eliminate a rehandling or to reduce the 
handling to only a fraction of its former cost plays the same part 
in reducing the cost of physical distribution that is performed by 
the elimination of a manufacturing process in the course of pro- 
duction. The cost of physical distribution starts the moment 
the finished material leaves the production line; it includes the 
moving in and out of finished stores, the loading of the freight 


it is once more (11) loaded and (12) conveyed to the 
start of the process, where for the last time it is (13) un- 
loaded as it enters the manufacturing process. In the 
case of warehouses, jobbers, or wholesalers handling 
finished merchandise, operations (8) to (13) com- 
prise the entire process of the plant, the goods being transferred 
to outbound carrier instead of to start of process. As previously 
mentioned, a reduction in rehandlings would have a most pro- 
nounced effect on the operating cost of this type of business. 
In the process outlined above the material has been loaded or 
unloaded eight times, has been transferred five times, and of 
the total of thirteen steps only one has been the movement of 
the freight car from shipper to receiver. The lower line of Fig. 2 
shows the elimination of operations 3, 4, 6, 8, 10, and 11 by the 
shipment and storage of material on skid platforms. 

This leads us to examine the relative importance of the actual 
rail movement as a factor in the cost of getting goods from the 
point where the supplier has finished his useful work on the 
material to the point where the receiver can make use of it. It 
is true that the time involved in the rail movement and the dis- 
tance moved is probably great when contrasted with the move- 
ments within the two plants, but the cost of such movement is 
not in any way proportional to either of these two factors. The 
New York Central Railroad in a survey of several commodity 
groups now being handled in and around plants by lift trucks 
and skid platforms found that the average cost for freight move- 
ment on a haul of 240 miles was 74 cents per ton, while the loading 
cost for these same groups was 74 cents per ton, with an equal cost 
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for unloading. The loading and unloading of the freight car was 
therefore $1.48 per ton, and if only one-half that sum is used for 
the loading and unloading into stores at the plant of the shipper 
(no bracing being necessary in the latter case), and an equal 
amount for handling in the plant of the receiver, the total han- 
dling cost is $2.96, exclusive of the cost of transportation within 
the plant. Comparing this figure of $2.96 per ton with the cost 
of the freight-car movement which was 74 cents per ton, it is seen 
that freight rates have a position of prominence in the mind of 
the average manufacturer which is not warranted by the facts. 
A 25 per cent reduction in the handling cost at the two ends of 
the rail journey would pay the entire cost of the freight. Or 
the same saving would allow the distribution radius to be doubled 
with the same total cost. 


PossisLe THROUGH SKID SHIPMENT OF MATERIAL 


There were loaded in 1927 about 19,400,000 carloads of freight 
exclusive of bulk goods such as coal, grain, liquids in tank cars, 
etc.; and if average car loadings reached 30 tons per car the load- 
ing and unloading charges for these cars regardless of the handling 
within the plant totaled some $870,000,000. That this figure 
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seldom met in actual practice. It is interesting to note, however, 
that where figures are quoted for the expense in loading actual 
cars, the saving is often found to be between 90 and 97 per cent 
This probably implies that the relative inefficiency of the two 
methods when contrasted with the theoretically perfect perform- 
ance is about the same. It is probably true that it is even 
more difficult to keep a gang of men going at top speed than it 
is to operate a piece of mechanical equipment at 100 per cent of 
rating. 

Another saving that will be divided between the shipper or 
receiver and the carrier is the faster time of unloading or loading 
and the increased usefulness of the transportation equipment. 
The effort of the railroads to decrease demurrage and increase the 
car-miles per day is sufficient proof of the importance of this 
factor in rail transportation, and as the overhead expense of a 
motor truck is in the neighborhood of 6 cents per minute, an 
appreciable saving may also be realized in this method of trans- 
portation. 


ConTAINER Costs 


From a superficial study of the problem, it would at first appear 
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is possible of very radical reduction through the skid shipment 
of material is readily appreciated when the actual experiences of 
individual firms are related. The figures for these various con- 
cerns, however, are in general only those of direct labor, and 
other economies are often effected which cannot be measured in 
dollars and cents. The results of the system may best be dis- 
cussed before the actual examples are quoted. 

First of all, of course, is the direct saving in the labor involved 
in the loading of the car. A power lift truck can theoretically 
multiply the capacity of the worker twenty-four times, this 
figure being derived from the fact that the truck can carry eight 
to ten times the weight it is possible for a man to transport, at 
approximately three times his speed. The reduction in labor 
should therefore be 96 per cent. It would not be expected that 
this theoretical limit could be reached, for it requires the actual 
running of the truck for 100 per cent of the time, a condition 


that the savings might be eaten up in the increased cost of the 
container or skid platform. However, in practice this does not 
seem to be the case. In some instances which will be described 
later the skid-platform method actually showed a very decided 
decrease in the cost of the container over the old method. For 
light materials the use of the non-returnable skid is recommended. 
The cost of this type of skid varies from 40 or 50 cents up to $4 or 
$5, depending on the material and the economical size of the 
skid load. For heavier materials it is advisable to use the re- 
turnable type of skid or skid box, the latter being employed 
where the material is in small units and can be loaded loose in 
the box. The returnable skid ranges in cost from $6 or $7 up 
to as high as $30. The highest price that has been paid for skid 
boxes was for some that a marine transportation company fur- 
nished to a shipper free of charge so that they could effect econo- 
mies in the water transportation of the material. Naturally, 
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the benefit to the shipper was a maximum because he had to make 
no investment at all for the equipment. 

A saving that has been the determining factor in several in- 
stallations has been the lessening of damage to the product in 
shipment. This saving has come both from less damage being 
incurred while in transit and from a radical reduction in the 
goods damaged during the handling incidental to the shipping. 
Fig. 3 shows the method of storing Del Monte peaches before 
shipment; 48 cartons are handled as a unit skid load. 

It is true that to realize the full advantages of this system it 
must be coordinated with the system of handling the material 


Fic. Metsop or Storing FinisHep Goops on SKIp PLATFORMS 
tn A LarGe Foop-Propucts PLANT 
(48 cartons comprise a unit for handling.) 


used within the plant. This, however, is not a serious obstacle 
as interior plant handling has been more fully developed in 
most instances than that connected with the shipment of the 
goods. Probably 95 per cent of the skid platforms in use today 
never leave the plant of the owner. In many instances the 
request that material be shipped on skids has been the result 
of the adoption of the system of keeping all material within the 
plant on skids in an effort to reduce storage space and speed up 
the movement of the material through the plant. The receipt 
of material on skid platforms has meant the elimination of an 
expensive hand operation in plants operating in this manner. 


ExaMPLes ILLUSTRATING PossIBILITIES OF SYSTEM 


In corroboration of the above savings and as an indication of 
the possibilities of this system, a few instances are quoted here- 
with. Regarding the saving in direct labor in the loading of 
the car and the lessening of the time that the car is tied up, there 
are several examples. The general stores department of the 
Chicago, Milwaukee, St. Paul, and Pacific Railroad load 50,000 
Ib. of castings with one man and a truck in 25 minutes. Fig. 4 
shows the same operation as conducted by the Illinois Central 
Railroad. At 40 cents an hour for the man and 50 cents an hour 
for the truck, the total loading cost is 37'/2 cents, or 1'/: cents a 
ton. 

The Hupp Motor Car Corporation at Detroit receive crank- 
shafts on special skid racks as shown in Fig. 5. It formerly 
took 8 men 7!/; hours to unload a car, the cost being approxi- 
mately $24. The same task is now accomplished by one truck 
with driver and helper in 45 minutes. The present cost is 98 
cents, and the unloading dock is cleared for a second car the 
same day. 

The Champion Coated Paper Company cut their direct labor 
cost 93 per cent. It formerly required 7 men 3 hours to load a 


ear of flat stock which is now loaded by a truck and a man in 
45 minutes. It should also be remembered that the above 
figures are for only one operation and that in the railroad part 
of the journey alone there would probably be an equal saving 
at the other end, and that this operation may occur as many as 
five times along the entire route of physical distribution. 

Regarding the cost of the container: The West Virginia Pulp 
and Paper Company now ship flat stock on a nailed skid similar 
to that shown in Fig. 6, that is destroyed upon arrival. The 
cost of the skid is $2.25, which is to be compared with that of a 
packing case formerly used, and which, though costing $4, con- 
tained only two-fifths the weight of paper. The reduction in 
container cost in this instance was therefore 77 per cent. The 
above is perhaps exceptional, but in general the small increase 
in container cost is far outshadowed by the saving in handling 
and the lessening of damage. 

The Jos. Dick Company, manufacturers of farm machinery, 
whose product is quite expensive, state that the chief reason for 
the use of skids in shipping is to reduce the damage incurred in 
handling during transit. This statement is made with the 
knowledge that they have saved from 15 to 20 man-hours in 
the loading of each car. 

From the standpoint of the common carrier the author would 
quote W. E. Phelps of the New York Central Railroad to the 


Fie. 4 Loapine a Car oF CastTines 1n Boxes 
(The 50,000-lb. car is loaded by one man in 25 min.) 


Fie. 5 Speciau Skip Rack Usep sy THe Hupp Motor Car Corp. 
FOR SHIPPING CRANKSHAFTS 


(The labor cost for unloading these cars was cut 96 per cent by the use of 
this rack and an electric lift truck.) 
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effect that freight-handling costs have been reduced from 88 
cents to 32 cents at two of their terminals where lift trucks and 
skid platforms are employed. Fig. 7 shows material stored at 
the Weehawken terminal of the above-mentioned road. 


CoorDINATION OF System WitH oF HANDLING 
WITHIN THE PLANT 


The growth of this system and the resulting economies seem 
to be dependent on four main factors: first, the breadth of appli- 
cation of the system to different commodities; second, the co- 
ordination of the system with the methods of handling within the 
plants of various manufacturers; third, the attitude of the rail- 
roads and other carriers; and fourth, the degree of interchange- 
ability developed in the skid platforms and trucks. The breadth 
of application to different commodities seems to depend to a 
large degree on the attitude of the person considering the appli- 
cation. The answer that “My business is different” is to be 
heard in many ‘quarters, but it is no more a forceful argument 
than it is in so many other instances where it serves as the refuge 
and strength of the conservative or hidebound individual. The 
stores department of a large railroad handles over 100,000 differ- 
ent items in a year, and the assistant storekeeper states that 
80 per cent of the material is shipped to local storerooms on 
skid platforms or in skid boxes. The Detroit and Cleveland 
Navigation Company, with a very wide variety of materials 
handled, are able to use skid platforms or boxes for 40 per cent 
of their tonnage. 

There does not seem to be any doubt but what the subject 
of interior plant transportation is receiving today careful study 
by plant executives. The cutting down of raw material in 
stock, the eliminating of unproductive storage space, the speeding 
up of the flow of material through the plant, are daily becoming 
more evident. Several large automobile concerns are operating 
on a few days’ supply of raw materials and have eliminated 
incoming stores entirely, the material being loaded on skid plat- 
forms immediately upon arrival and transported directly to the 
point of use. One concern which developed such a system of 
handling with skids gnd electric lift trucks said that their 
savings had amounted to $48,000 in the first three months. That 
many of these same concerns are now demanding that material 
be shipped to them on skids is interesting, as it is widely believed 
that the automotive industry lights the way of other industries 
toward more efficient handling and in the application of economi- 
cal production methods. 


ATTITUDE OF RAILROADS AND OTHER CARRIERS 


The third main factor, that of the aid and cooperation of the 
railroads and other carriers, is dependent on the individual 
initiative of the separate companies. As mentioned earlier in 
the paper, the question of the actual freight rate is not of such 
great importance in the total cost of physical distribution; 
Norman F, Titus, chief of the Transportation Division of the 
Department of Commerce, estimates that it does not exceed 
15 per cent. There is however an opportunity for the railroads 
to study the rates to be charged for return shipments of skids, 
although due to the fact that the skids can be nested or stacked 
these shipments will probably not be more than one return ship- 
ment of empty skids for every ten shipments of loaded ones. 
That one company has gone so far as to supply a shipper with 
skids free of charge shows that it must be an economical practice 
from the standpoint of the carrier. The more general adoption 
of the system for L.C.L. freight will not only reduce the handling 
cost of this class but will set an example to the shippers of carload 
lots. 

The part which standardization and interchangeability in use 
play in the general acceptance of this method has been treated 


by those best qualified, and it only remains for the author to 
say that once interchangeability is firmly established, no limit 
can be set for the development of the method nor for the savings 
which will accrue to those adopting it. 


Fie. 6 Spectra, Skip Usep For Fiat 1Nn 
5000-Ls. Loaps 


(The cost ot the container per pound of load was 25 per cent of the previous 
cost when a packing case was used.) 


Fic. 7 Storage or Goops aT THE WEEHAWKEN TERMINAL OF THE 
New York CENTRAL RAILROAD 


New Developments in Materials 
Handling 
By R. L. LOCKWOOD,? WASHINGTON, D. C. 


In the period from 1890 to 1910 a revolution was accomplished in 
methods of handling bulk goods. This period saw the greatest 
development in the power shovel, the huge unloading and loading 
machines for railroad cars and ships, the great bridge and gantry 
cranes, the continuous con , and many other devices. During 
the early years of the poet pill engineers made rapid progress 
in developing new methods for handling materials of construction, 
and an equally intensive development went on in methods of handling 
goods in process in factories. 

Up to the time of the World War little attention had been paid 
to handling finished goods. During the period in which the skid 


2 Division of Simplified Practice, Department of Commerce. 

Contributed by the Materials Handling Division and presented 
at the Annual Meeting, New York, December 3 to 7, 1928, of Tum 
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and lift truck were extensively developed, a parallel development 
took place in connection with industrial tractors and trailers. 
Materials-handling equipment of every kind can be counted 
upon to save its full cost within a definite period of time. Sav- 
ings due to labor and time-saving equipment in many fields are 
sometimes partially offset by collateral losses in changed methods, 
inconvenience, or some other form of unavoidable waste. Han- 
dling materials is almost in a class by itself in this respect, in that 
savings made represent net gains shared by all elements in industry. 
A fundamental economic principle has been concisely expressed 
in a form which might well become a slogan for the materials- 
handling industry: “Handling materials adds cost, but adds no 


value.” 


CERTAIN philosopher once stated that existence consists 

of moving objects from place to place. As a definition of 
existence this statement may be decidedly inadequate, but as a 
description of the material side of existence it is surprisingly 
accurate. The most superficial analysis of our daily and hourly 
activities will show that a large proportion of our time is devoted 
to moving objects of some sort. But the objects we ourselves 
move are but an inconsiderable fraction of the number that 
we directly or indirectly cause to be moved. Practically every- 
thing that we require for food, clothing, shelter, amusement, or 
any other activity must be moved to us. Even the simplest 
article of every-day use has behind it a long history of objects 
moved over greater or less distances before that article becomes 
available to us in its final usable form. 

An “Outline of History,’”’ in terms of the moving of inanimate 
objects alone, would present a fairly accurate and comprehensive 
picture of the progress of civilization. Our primitive ancestors 
spent a large part of their time in moving objects, mostly by main 
strength. Long periods elapsed before the beginning of recorded 
history, during which certain mechanical elements, then un- 
recognized as such, were developed and put into use. The lever, 
the wedge, the roller, later the crude sledge or sled, and much 
later still the wheel, were all developed and used for the purpose 
of moving objects. Such records as are available indicate that 
all these devices except the wheel were discoveries, probably 
accidental in the first place. The wheel is in a different category, 
representing a high order of invention. It is interesting to specu- 
late as to how these discoveries were made, and how they first 
came to be used, but we have no exact records to guide us. We 
do learn, however, from the earliest picture writings and other 
records, that these mechanical elements and devices, all of them 
used for moving objects, were known to practically all the early 
races of mankind. In studying the history of the moving of 
objects, one striking fact appears: No new method or device was 
ever lost. Many arts and crafts grew, flourished, and disap- 
peared, some forever lost, while others were revived or redis- 
covered later, but in the moving of objects each forward step was 
a permanent gain; knowledge of it became the property of the 
race. Another interesting fact is that the art, or science, of 
moving objects has not shown steady progression, but instead has 
tended to move forward by a series of easily recognizable steps, 
each marking a decided advance ang being taken in a relatively 
short period of time. Decades and centuries often elapsed be- 
tween one great forward step and the next, during which no 
progress was apparent. Since the introduction of power as a 
factor in civilization, progress has been enormously accelerated. 
The time required for each forward step has been much less, and 
the time which elapsed between one step and the next has been 
even more greatly reduced. This condition closely parallels the 
accelerating development which has taken place in every field of 
human knowledge and activity during the past one hundred and 
fifty years. 


THE DEVELOPMENT OF WHEELED VEHICLES 

The needs of our ancestors in prehistoric times were simple. 
They were unable to secure for themselves more than the barest 
necessities in any event. The number of objects that had to 
be moved to satisfy those necessities was relatively small, al- 
though the time and effort required to move them were inordi- 
nately large. As the various racial groups slowly emerged from 
barbarism, they developed new necessities, or at least new wants. 
As civilization developed and the world’s population increased, 
human wants increased at a considerably faster rate than the 
growth of population. Satisfying those wants involved moving 
an ever-increasing number of objects per capita. The only way 
in which this could be done at all was by improving the methods 
and devices by which to move objects. While the development 
of wheeled vehicles came about partly as a result of man’s 
desire to travel from place to place, a far more important factor 
in their development was the necessity for moving inanimate 
objects. This necessity underlay to a large extént the develop- 
ment of highways, as well as that of vehicles of all sorts. 

We are all familiar with the development of vehicles and of 
other devices for moving objects up to the time that the steam 
engine opened the way for a new industrial era. The first great 
forward step after the introduction of power was the develop- 
ment of the railroad, the profound influence of which on civili- 
zation is too well known to every engineer to need emphasis. It 
was one of the two or three most fundamental influences in the 
physical development of the United States in particular, opening 
up huge territories which without it would have contributed 
nothing to our national development for long periods of years. 
With the sudden rapid growth in the facilities for moving objects 
came a concurrent increase in the number of human wants. 
Speculation as to whether production, distribution, or demand 
came first is likely to be idle. Economic history indicates that 
the sequence varied from time to time, due to a multitude of 
causes, often obscure. 

With the introduction of power into manufacturing and the 
beginning of the factory system in industry, mass production, 
as we know it today, had its inception. Opportunities for making 
or saving money seemed limitless. Natural resources in most 
countries, particularly in the United States, also seemed almost 
unlimited. Engineering and inventive genius devoted itself 
to manufacturing processes, as offering the greatest immediate 
opportunity, almost to the exclusion of transportation. The 
best talents of engineers in this and other countries were devoted 
to improving the machinery and methods of production. With 
the exception of the steady development of railroad equipment, 
relatively little attention was given to problems of transportation, 
and scarcely any to handling materials. But by the middle of 
the nineteenth century the problem of handling materials in 
process of manufacture had begun to loom larger as quantity 
production increased. No one had previously realized the pro- 
portion of time and effort required to handle materials even in 
factories, and as to handling them outside of factories, whether 
in the raw state or as finished products, there had been practically 
no progress made for fifty years or more. 


Inpustry’s First Errorts ApPLieD TO HANDLING 
MATERIALS 


As this country became more thickly settled and competition 
narrowed the old margins of profit, certain keen engineers and 
business men realized that there were undreamed-of possibilities 
for reducing the cost of handling materials. Another of the 
great forward steps was imminent. Quite logically, the first 
efforts were applied to handling materials which were cheap and 
bulky. Iron ore, coal, stone, earth, and other bulk materials 
represented very little initial cost in their original state and place. 


4 
2 
4 
1 
| 
4 
5 
2 
5 


MATERIALS HANDLING 


Their final cost to the consumer was little more than the sum- 
mation of the cost of handling them. Any reduction in such 
costs was a net gain. In the period from 1890 to 1910 a revolu- 
tion was accomplished in methods of handling bulk goods. This 
period saw the greatest development in the power shovel, the 
huge unloading and loading machines for railroad cars and ships, 
the great bridge and gantry cranes used at terminals, docks, and 
steel plants, the continuous conveyor in its multitude of forms, 
and many other devices which have since become familiar to 
every engineer. The cost of loading, unloading, and handling 
such materials was reduced 50 to 99 per cent. Iron ore, for 
example, cost about $1 per ton to unload from a ship by the old 
shovel-and-wheelbarrow method. The huge dock machinery 
developed during the above period reduced this cost in many cases 
to three-quarters of a cent a ton. Similar reductions were made 
in the cost of handling coal, sand, gravel, rock, grain, and numer- 
ous other bulk materials. 

During the early years of the twentieth century attention was 
drawn to the possibilities of mechanical handling of materials 
on construction work of all kinds. Highways, dams, buildings, 
bridges, canals, and every sort of large construction job offered 
enormous opportunity for the application of mechanical-handling 
machinery. With the experience gained in the development of 
bulk-cargo-handling machines, engineers made rapid progress 
in developing new methods for handling materials of construction, 
with the result that costs, measured in terms of man-hours, were 
enormously reduced, and the time required for every kind of 
construction operation was cut down 25 to 90 per cent. The 
underlying causes for this development were similar to those 
which resulted in the development of bulk-cargo-handling de- 
vices; the material was as a rule relatively cheap, labor increas- 
ingly expensive, and elapsed time was looming always larger as 
a factor in final cost. 


HANDLING Goops IN Process IN Facrories 


During all this period of intensive development for handling 
materials in bulk, an equally intensive development went on in 
methods of handling goods in process in factories. Cranes of 
all sorts, conveyors, industrial trucks, overhead trolleys, and 
every sort of mechanical device that would accelerate the move- 
ment of goods in process were intensively studied and developed. 
Engineers began to realize the amount of potential savings in 
this field. In actual production processes, automatic machinery 
was developed rapidly, in some cases combining the functions of 
two or three machines of older types, such as lathe, drill press, 
and milling machine, for example. But a certain amount of 
moving of materials was, and probably always will be, essential 
in any manufacturing process. Recent studies of production 
processes throughout the country indicate that on the average 
55 per cent of the cost of a manufactured article is expended in 
handling and moving material, and the other 45 per cent in 
actual fabrication or machine processes. In certain industries, 
notably the automotive industry, handling material has been 
reduced to its lowest possible terms; on the other hand, in the 
foundry industry, for example, there are many instances where 
it is necessary to move, handle, and rehandle material amounting 
to over 100 tons for each ton of finished castings produced. 

Up to the time of the World War, the development of materials- 
handling methods had been confined largely to manufacturing 
processes and to the handling of bulk and construction materials. 
Little attention had been paid to handling finished goods. In 
fact, the very term “Handling Material’ usually connoted one 
of these activities, rather than handling finished manufactured 
products. One reason was that the cost of manufactured prod- 
ucts was relatively so great that the cost of handling and dis- 
tributing them after they were finished seemed a necessary but 
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negligible evil. During the World War attention was focused on 
handling finished goods to a far greater degree than ever before. 
Time meant everything. Labor was excessively costly and not 
easy to secure. Production had increased enormously, while 
methods of handling goods in distribution had scarcely changed 
at all. Even today there are many railway freight stations and 
steamship terminals at which goods are handled in a way that 
would be perfectly familiar to our grandfathers. The countless 
boxed, crated, and barreled objects that fill every freight station 
and steamship pier are in too many cases handled exactly in the 
same way and by the same crude devices that have been used 
for the last fifty years or more. The World War, however, 
taught a great many lessons, among which was the lesson that 
production methods had far outrun handling methods, partic- 
ularly the handling of finished goods. In the case of hundreds 
of commodities, it took just as long to load a box car in 1920 as 
it did in 1880, whereas production methods during that period 
had been wholly revolutionized. Few accurate cost figures were 
available in connection with handling finished goods, such as 
were commonly known in connection with production, but a 
few engineers and executives began to recognize the vast differ- 
ence between the highly developed machinery and methods of 
production and the primitive methods of handling goods. 


DEVELOPMENT IN THE HANDLING OF FINISHED Goops 


Manufacturers of various kinds of handling equipment, notably 
two-wheeled and four-wheeled trucks, certain forms of conveyors, 
monorail and other trolley installations, and various other 
devices did their best to educate industry and commerce along 
these lines, but until after the World War progress had been very 
slow. However, another forward step in the history of moving 
objects was about to be accomplished. With the lessons of the 
World War in mind, and with increasing recognition of the con- 
ditions above described, more and more attention was focused on 
methods of handling finished goods. The necessary mechanical 
appliances were almost all available in some form, and needed 
only to be adapted to new uses. Among other devices for han- 
dling goods were lift trucks, operated either by hand or power, 
developed more than forty years ago and first used to handle 
stoves and similar objects supported on legs. The lift truck had 
come into fairly extensive use by 1915. There seems to be no 
record to show who first thought of building a separate lifting 
platform to go with the lift truck, in order to carry objects which 
did not happen to have legs under them. One of the oldest 
devices in the whole history of moving objects, the sled or sledge, 
had unrecognized possibilities, and after a long lapse of years 
was brought to life in the form of the modern skid platform or 
“skid.” All sorts of objects could be loaded on it, and by the 
use of the lift truck the loaded platform could be picked up, 
taken to any desired place, and set down again. Lift trucks 
grew in size and capacity, power being applied to them in many 
cases. More and more plants began to use this method for 
handling a wide range of commodities. Loads increased steadily 
to a point where lift trucks are now made to handle loads up to 
ten tons, although the average is 2'/. to 3 tons. Once the 
ancient sled and the modern lift truck had been brought together, 
their use in combination spread so rapidly that it is estimated 
that about 9,000,000 skids and 110,000 lift trucks are in service 
throughout the United States. 

During the period in which the skid and lift truck were ex- 
tensively developed, a parallel development took place in con- 
nection with industrial tractors and trailers, particularly for use 
in railway freight stations, warehouses, and steamship terminals. 
Numberless forms of hand- or power-drawn trucks and trailers 
rapidly came on the market, all designed to reduce the time and 
the labor cost of handling miscellaneous goods. Handling costs 
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in railway freight stations were reduced from 25 to 75 per cent in 
many cases. A study made by the Transportation Division of 
the Bureau of Foreign and Domestic Commerce, covering a 
number of miscellaneous commodities, showed that of every 
dollar spent to get these commodities from the final machine or 
factory process into the hands of the consumer ready for use, 
10 cents represented the actual rail or water transportation, and 
90 cents the cost of packing, handling, loading, unloading, re- 
handling, unpacking, etc., including the cost of packing materials. 
This study, together with similar studies of a specific nature, 
attracted wide attention on the part of engineers and executives, 
as indicating the vast and untouched possibilities for saving 
money in this field. This knowledge, together with the con- 
stantly narrowing opportunity for saving money in production 
processes, still further accelerated the effort to reduce costs in 
handling finished commodities. It was obvious that if the same 
degree of engineering, inventive, and administrative genius were 
applied to distribution that had already been applied to pro- 
duction, the results would be similar to those accomplished 
in production in this country, which have been among the in- 
dustrial wonders of the world. 


Sxip-PLaTFoRM SHIPMENT OF Goops 


The most recent notable advance in moving objects has been 
the development and growth of the practice of shipping goods on 
skid platforms. First undertaken in connection with shipping 
paper, the practice has spread to numerous other industries. In 
the automotive industry, for example, more and more firms are 
requiring shipment of material and parts to their plants on skid 
platforms, thus avoiding rehandling and saving much time and 
labor. Certain railroad systems also receive stores and supplies 
on skid platforms, or load them on skid platforms as soon as 
they are received, each load thereupon becoming an inventory 
unit, easy to handle and account for. One large system expects 
ultimately to use about 100,000 skid platforms and 5000 to 6000 
lift trucks in this service, and has already saved about 65 per cent 
in the cost of handling such stores and supplies as can be handled 
on skids, plus a reduction of about one-third in the number of 
cars used in this service. Savings made in loading and unloading 
box cars have run as high as 90 per cent in labor cost and 75 per 
cent in time. During the year 1927 about 19,400,000 carloads 
of miscellaneous commodity freight were handled on our rail- 
roads. Of this tremendous bulk a considerable proportion is 
of such a nature that it can be packed and shipped on skid plat- 
forms. It is estimated that the present cost of handling such 
commodities, as distinct from their transportation, amounts to 
over eight hundred million dollars per year, out of a total of some- 
thing over two billion dollars. 

The practice of shipping goods on skid platforms is particularly 
interesting in that it represents a wholly new development in 
materials-handling equipment. Practically every other machine 
and device for handling material is used locally, in or about some 
one plant or establishment. The skid platform, on the other 
hand, when used for shipping goods by rail or water, may be sent 
from one plant to any other or several others. Its radius of 
action is limited only by the necessity for lift-truck or other 
equipment which will handle it. Until a few months ago there 
were no recognized standards of dimension for either skid plat- 
forms or lift trucks, consequently every firm which wished to 
utilize this method of shipment to save money was obliged to 
negotiate individually with its consignees and arrange to have 
interchangeable equipment at both ends of the line haul. Many 
firms which could have saved large sums by shipping or receiving 
goods on skids, found themselves seriously handicapped by lack 
of interchangeability. Some six months ago the Bureau of 
Foreign and Domestic Commerce and the Bureau of Standards of 


the United States Department of Commerce, in cooperation 
with shippers, carriers, warehousemen, and manufacturers of 
equipment, held a series of conferences looking toward the es- 
tablishment of national standards for this equipment, for the 
sole purpose of bringing about interchangeability in use and 
thereby removing the handicap of unnecessary diversity. This 
was merely the initial step in what is expected to be a continuing 
program in connection with this and other classes of materials- 
handling equipment. The establishment of such national 
standards of dimension as may be feasible will not only be of 
enormous benefit to shippers and carriers, but will have a ten- 
dency to reduce the cost of the equipment itself, since manu- 
facturers will not be obliged to make or carry in stock so many 
different styles and sizes. 


Cost or MATERIALS-HANDLING EQUIPMENT 
RapimpLy AMORTIZED 


Materials-handling equipment of every kind, from wheel- 
barrows and hand trucks to huge cranes and power shovels, 
can be counted upon to’save its full cost within a definite period 
of time, depending as to length upon the specific conditions of 
service, such as load factor and cost of previous methods of doing 
the same work. In the case of certain large and expensive 
machines, it may take a year, two years, even five years or more, 
to amortize the cost of the equipment by reduction in the unit 
cost of handling material. Invariably, however, each new de- 
velopment in equipment, particularly when it supersedes hand 
labor, pays for itself in a very short time. Furthermore, the 
amount of money spent for handling materials is so enormously 
larger than the cost of the necessary equipment that the users 
of such equipment are the ones who receive the largest benefits 
in dollars and cents. Today conditions in the field of handling 
finished goods and miscellaneous commodities in general are 
similar to conditions that existed forty years ago in the field of 
handling bulk materials. Disproportionately large savings are 
not only possible but are actually being made in specific instances. 
Power- and hand-lift trucks, tractors and trailers, many forms of 
“dead” and “live” skids, are saving their entire cost in a few 
months. 

Savings due to labor- and time-saving equipment in many 
fields are sometimes partially offset by collateral losses, in changed 
methods, inconvenience, or some form of unavoidable waste. 
Handling materials is almost in a class by itself in this respect, 
in that savings made represent net gains, shared by all elements 
in industry. A fundamental economic principle has been con- 
cisely expressed in a form which might well become a slogan for 
the materials-handling industry; ‘Handling materials adds 
cost, but adds no value.” 

From the viewpoint of the materials-handling engineer, the 
field for his efforts has been tremendously increased within the 
past few years, and even within the past year. It is now fully 
recognized that distribution has lagged far behind production, 
and that it offers the greatest single field at, the present time for 
reducing the cost of goods, and to thereby ultimately reduce the 
cost of living and help to maintain our present high material 
standard of living. In addition to the separate problems in the 
numerous fields of materials handling, there is the greater prob- 
lem of integration, to which the best brains in the engineering 
profession may well be devoted. There has too often been a 
tendency to consider the various fields of materials handling as 
separate and independent, whereas there is a definite relationship 
between them. They are no more independent or self-sufficient 
than are our basic industries, but instead, are all interdependent. 
The problem of coordination and integration of the various 
methods, machines, and devices for materials thandling is one 
of the most important that confronts engineers and executives 
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today. Numerous agencies, governmental and otherwise, are 
studying this problem intensively. The Materials-Handling 
Division of this Society can contribute enormously to the solution 
of this problem in its numerous ramifications. There is no other 
group of engineers in the country so organized as to constitute 
a forum for the presentation and discussion of the problem and 
for the encouragement of efforts toward its solution. 


Savings Effected in Handling Rail- 
road Stores by Lift Trucks and 
Skid Platforms 


By J. V. MILLER,* MILWAUKEE, WIS. 


Tremendous quantities of stores are handled by every American 
railroad. These stores are to a large extent received in a central 
storeroom and are then forwarded as needed to local storerooms in 
various centers. Under ordinary conditions this procedure in- 
volves considerable rehandling. 

During the past few years the C. M. St. P. & P. R. R. 
has succeeded in cutting down this rehandling by storing many of 
its supplies on skid platforms. When shipments are made up to 
send out to the local centers the supplies are thus to a large extent 
picked up directly on the original platforms by means of lift trucks, 
moved into the railroad cars, transported to their destination and 
there unloaded by lift trucks. Three handlings are thereby elimi- 
nated. 


ETTER than fifty per cent of all production costs of industry 

is consumed in the handling of materials. Accordingly, 

any discussion which deals with the reduction of that cost should 
be of interest. 

While the railroads manufacture comparatively little, they 
consume vast quantities of material—over $1,400,000,000 worth 
annually, of which the fuel item totals a little over $400,000,000, 
leaving approximately $1,000,000,000 worth of materials which 
must be handled by their stores departments. Some railroads 
carry in stock as many as 65,000 different items of material, 
some carry over 100,000 different items of material. It is the 
function of the supply department, more commonly called the 
stores department, of each railroad to order stores and distribute 
them to the using departments in much the same manner as 
a large wholesale house serves its customers. 

Not less than 75 per cent of the work of the stores departments 
is that of handling materials, yet until a few years ago the major 
efforts toward more economical operation were directed along lines 
other than those of materials handling. Some of the more pro- 
gressive roads are beginning to see the great possibilities in im- 
proved materials-haudling methods, not only in handling of the 
vast quantities of railroad company material, but in the transfer 
of L. C. L. freight and loading and unloading of through freight 
as well. The author will, however, confine himself at this time 
to the activities of the stores department, for in this department 
the railroads occupy the position of both shipper and consignee, 
wholesaler and retailer, manufacturer and consumer, all com- 
bined in one unit. 

Not many years ago practically all materials used on the 
railroads were handled by man power with two-wheel push trucks 

* Assistant General Storekeeper, Chicago, Milwaukee, St. Paul 
and Pacific Railroad. 
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and wheelbarrows. About 1910 the gasoline tractor made its 
appearance at our larger terminals and the saving was tremen- 
dous, yet its adoption has been slow, and even today it is doubtful 
whether there is a railroad which has more than one-third of the 
number of tractors that it can economically use. 

The lift-truck method of handling materials has been used for 
the past twenty years in a limited way, for the most part, how- 
ever, restricted to the transfer of materials within an individual 
plant. Recently paper manufacturers have developed the prac- 
tice of shipping paper cut to size on skids which was formerly 
boxed in case lots. One skid now carries about 4000 lb. of paper, 
which formerly required six or eight cases, with the corresponding 
saving in lumber, freight, ete. Some concerns have had lift 
trucks in their plants for a great many years, but few have been 
getting the maximum service from them. A great many plants 
could keep from three to a dozen men busy for a long time figuring 
out new applications of the lift truck and its method of handling 
materials, for it must always be borne in mind that more than 
half of the production cost in the average plant is in the handling 
of material itself. 

As of interest in this connection, the author will give particulars 
of some of the practices which have been developed in improved 
materials-handling methods in the stores department of the 
Chicago, Milwaukee, St. Paul and Pacific Railroad, selecting a 
few typical cases. While the road is far from 100 per cent oper- 
ation in this respect, it may be said that new applications are 
being developed every week. 


BraKE SHOES 


The railroads use millions of brake shoes annually, and each 
brake shoe weighs over 23 lb. Prior to installing lift trucks and 
skids all brake shoes were handled by wheelbarrow in units of 
fifteen, each shoe requiring from three to seven separate handlings 
from the sand in the foundry to application on the car. Let us 
follow a certain lot of these brake shoes from the foundry to the 
brake beams on the car. Formerly they were transferred from 
the sand on the foundry floor to a wheelbarrow, wheeled by hand 
into the freight car or dumped in the gondola. When received 
at the district store, they were picked up from the floor by hand 
and wheeled, fifteen in a wheelbarrow, into the storehouse where 
they were again handled in piling them for storage in stock. 
Upon requisition from the division store, they were again picked 
up by hand, transferred, fifteen to a wheelbarrow, wheeled into 
a car, and deposited, usually in a hand-built pile. On arrival 
at destination, they were again picked up by hand from the floor 
of the car, again wheeled into the storehouse, and again hand- 
piled in stock. The operation of pick up, lay down, wheel, and 
pile was again repeated upon requisition for delivery to the repair 
track. 

Contrast the above with the best method of handling brake 
shoes in skids with the lift truck. One hundred and fifty shoes 
are now piled in each skid, ten times the number handled by a 
laborer in a wheelbarrow. These are deposited once and for all 
in the skids right on the foundry floor, and when a skid is filled, 
it is picked up with a lift truck and run right into the box car for 
shipment to the district store of the railroad. A single operator 
with lift trucks performs this operation of loading 150 brake 
shoes in about one-fourth of the time that it used to take the 
wheelbarrow operator to load fifteen. Once the brake shoes are 
placed in the skids, they can be loaded into the freight car at 
such speed with the electric lift trucks that the entire carload of 
twenty-four skids is ready for shipment in less than one hour 
from the time of starting to load. 

Upon arrival at the district store, the entire carload of 84,000 
Ib. of brake shoes is unloaded from the car and deposited in the 
proper section of the storehouse or stores platform in less than 
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an hour. Later, upon requisition from the division store or 
local stores, the skid loads of brake shoes are quickly transferred 
from storehouse to car or to repair tracks as required. If shipped 
to local store, the skid load is removed from the car by a single 
laborer with a hand-lift truck, and transferred to stock or to the 
repair shop as desired. A study of one unit of 6000 lb. reveals 
that under the old method it took 175 manual operations, whereas 
with the lift truck it took but seven, showing a saving of 168 
manual operations. When the millions of brake shoes which 
railroads consume yearly are so handled, a tremendous saving 
to both manufacturer and railroad will be effected. 


Arr Pumps 


An 8'/,-in. C. C. air pump weighs approximately 1750 lb. 
When it is necessary to ship one of these air pumps, the accepted 
practice on most roads is to lay it on the floor of the car. This 
takes from three to five men; at the destination it takes from three 
to five men to unload and transfer it to the storehouse, and 
finally, three to five men to load and handle it when required for 
application in the locomotive shop. 

With our present system of handling, the pump is bolted to a 
skid, this being done after it is repaired or upon receipt from the 
manufacturer. In all handling of this pump thereafter, one 
man with a lift truck either of the power type or the hand type, 
can easily load or unload the pump, into or out of a car, in one 
minute. It is difficult to estimate what the saving on this would 
amount to per year, but considering the large number of loco- 
motive air pumps in service and their frequent transfer to and 
from locomotives, it is safe to say that this one operation alone 
would show a tremendous return on the investment of a hand- 
lift truck if used for nothing else. There is also a great risk of 
personal injury under the old method, which is entirely eliminated 
by the new. 


Brake BEAMS 


A brake beam is one of the clumsiest items of stock that a 
store room is called upon to take care of. It consists of a channel, 
strut, and tension rod built in triangular form with a brake-shoe 
casting mounted at each end perpendicular to the plane of the 
triangle. However, we have developed a very simple skid which 
now handles twenty brake beams. It is entirely feasible to 
handle thirty, but twenty is a better unit for our operation. 

We manufacture and repair practically all of our own brake 
beams, and these after being painted were formerly placed on 
the drying racks; from this they were transferred by hand on 
to wagons, hauled over to the storehouse, and again transferred 
from wagon to stock pile by hand. Later, upon requisition, they 
were transferred from stock piles again to the wagon, moved by 
hand to the car, again transferred from the wagon and piled by 
hand in the freight car for shipment. At destination, the opera- 
tion was again repeated of removing the brake beams, one at 
a time by hand, transferring them to stock at the using point. 
The same movements are required in reverse order on bad-order 
brake beams, practically all of which are shipped back to head- 
quarters for repair or scrap. On a lot of 20 brake beams this 
makes a total of 200 manual operations. 

According to our present practice, these same 20 brake beams 
are handled on a single skid and 10 manual operations on this 
skid load accomplish the same results, showing a saving of 190 
manual operations per lot of 20 brake beams. This is based on 
using only one man in the old system of handling. As these 
brake beams weigh over 80 lb. apiece and are very awkward to 
handle, it is usually found that two men are employed in 
handling them, which of course doubles the man-hour time 
required. 


LocoMmoTivE TIRES 


Another recent development in the lift-truck system is that of 
handling locomotive tires. In moving a locomotive tire into or 
out of a box car, as many men as can be safely gotten around the 
tire perform the operation; as a rule there are six. The tires 
usually lie flat on the floor and after they are raised by lubber lift 
they are rolled at a snail’s pace to the stock pile, locomotive 
shop, or scrap pile as the case may be. This operation is a most 
dangerous one, and it is surprising that more accidents have not 
occurred. Speaking conservatively, six men are occupied at least 
five minutes with each tire. 

Now compare this with the best method of lift truck-skid 
operation. Six tires are placed on a single skid, and in less than 
one minute an electric lift truck will handle them with perfect 
safety in loading or unloading a car or in transferring to the 
locomotive shop. It is true that we have as yet succeeded in 
handling only tires of the size up to 56 in. in diameter, but this 
takes care of the larger portion of our consumption. At a general 
store of any fair-sized road, an electric lift truck could pay for 
itself every year with ease just handling this one item alone. 


Arr Hose 


These are used in large quantities, and handled in many differ- 
ent ways on different roads. Air hose are picked up and laid 
down so many times that it is a wonder they are not worn out 
before being applied to the car. A careful time study reveals 
that it takes one man an hour to unload 400 air hose, counting 
one operation only. 

A special skid developed by us for handling hose has a capacity 
of 400, but we normally load skids with only 300, as this better 
fits our needs. The hose are placed on skids immediately after 
mounting and final inspection in the shop, and from then on they 
move in units of 300 through the general storehouse, and the 
successive shipments to division stores, local stores, etc. as re- 
quired, and usually until actually applied to the car. In almost 
every case a new hose replaces a scrap air hose, and this is re- 
turned to the storehouse on skids in the same manner. We save 
at least $2 on every skid load of 300 which we handle. 


HANDLING JOURNAL BRASSES 


Car journal brasses must be handled carefully in order to 
avoid injury to the bearing-metai surface. They were one of 
the first items to be handled on skids, and the operation is now 
100 per cent complete, that is, the brasses never leave the skid 
from the time they are placed on it in the factory until they are 
removed by the man who places them in service on the car. 

All of our journal brasses are received from a local foundry 
by automobile truck. Formerly they were just piled on the 
floor of the truck and unloaded by hand truck to proper location 
in the storehouse, from which they were later shipped out in the 
same way. Three men were used and it took 1 hr. 25 min. to 
unload a truck load of brasses. After unloading, the trucks re- 
turned empty to the manufacturer. Scrap brasses and brasses 
to be relined were loaded into box cars and shipped to a point 
near the foundry, as that plant has no trackage, and the brasses 
were then reloaded into the trucks and transferred to the plant. 
More than a hundred carloads of scrap brass were returned 
each year. The average time consumed by the truck for the 


delivery of brasses and return of scrap brass was 3 hr. 25 min. 
Today this material all arrives in skids, four skids to the truck, 
and each skid holding approximately 3500 lb. of brasses. Upon 
arrival at the general store an electric lift truck unloads all four 
skids and places them in the proper position in the storehouse in 
less than five minutes. The auto truck then moves approximately 
300 ft. to the scrap stock, and here the same electric lift truck 
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loads it with scrap brass in four skids in about the same length 
of time. The time consumed in the receiving of this 14,000-lb. 
load of brasses and the return of scrap brasses has been cut from 
3 hr. 25 min. to approximately 15 min., a saving of 3 hr. 10 min. 
per truck load. No box cars are used for the return of scrap 
brass. A truck of this size is worth 10 cents a minute, so it is not 
difficult to compute the saving in this operation, which one item 
alone fully justifies the expense of the electric lift truck. 

Brasses are never removed from the skids until they reach 
the point of application to the car. The skids are of such dimen- 
sions as fit most conveniently into the standard freight car, and 
the size of these skids has been standardized by joint committee 
action of the U. 8S. Department of Commerce together with re- 
presentatives of manufacturers and prominent users. Two stand- 
ard heights of skids of 8 in. and 12 in., respectively, clear height 
under the skids and a minimum of 29 in. between skid runners 
have been selected as standard. No overall outside dimension 
of the skids has been standardized on, but it is our practice to 
build these 33 in. wide and 54 in. long, for in this size they will 
fit three wide in a box car, and a total of 24 skids can be shipped 
in the car. 

As mentioned above, a number of our heavier and more im- 
portant items are now shipped by skid load to all local and 
district stores without any man handling whatever in shipment. 
After the skids have been emptied of new material at the local 
store, they are conveniently placed at points where the scrap 
originates. Usually only one class of scrap originates at a 
given point, but if there is more than one class an extra skid or 
two is provided, so that each skid carries only one class. 

Most of the railroad scrap comes in gondolas, with everything 
from superheater units to brass globe valves dumped in a 
jumbled mass, and because of this it is rare that we ever get 
heavy loading on mixed scrap. Why should scrap in such vast 
tonnages as the railroads accumulate, and which for the most part 
is originally separated by classes, be dumped together in such 
manner in a car, only to be resorted again later at considerable 
expense to the railroad company? 

Under our present system, scrap is received in skids, only one 
class to a skid, and often 3000-4000 lb. to the skid. Upon re- 
ceipt at the general store, this scrap is unloaded and dumped into 
the proper pile corresponding to each class of scrap, this requiring 
a subsequent handling with magnets when the scrap is sold. 
Eventually, however, the scrap will remain on the skids until the 
time of actual sale, when it will be loaded in the cars by crane 
trucks without any hand-operations on it. With this method of 
handling, we can load as many as 6000 to 9000 lb. per min. 
Compare this with the present magnet operation, which does 
well if it averages 1000 lb. per min. Of course scrap material 
does not weigh as much as the new material shipped out, and it 
might be assumed that some skids would have to come home 
empty, but there are always so many items that are shipped 
direct to local points and not on skids, that this more than 
equalizes the situation. 

Eighty-five per cent of the 65,000 to 100,000 items comprised 
in railway stores can be economically handled by the lift-truck 
method, and the major operations already cited indicate the 
possibilities in this field. 

Lift trucks are of two kinds, hand and powered. The hand- 
lift trucks lift from */,in. to 3 in.; the power-lift trucks are of many 
shapes and sizes, lifting from 4'/, in. to 6 ft., and higher if desired. 

The more unimportant local points should use hand-lift trucks, 
because of their lower cost and less frequent use; the larger and 
more important points should be equipped with the power-lift 
trucks, but it is surprising how quickly a hand-lift operation will 
grow into a power-lift operation if it is properly supervised, and 
by that is meant an economical paying operation. 
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The lift-truck method of handling is not a competitor of the 
tractor-trailer method. Each has its own field, the lift truck for 
the short-haul operation, and the tractor trailer for the longer 
haul. Lift trucks are particularly suited to conditions where 
short, quick movements are desired, and the more they are local- 
ized, the more they will return on the investment. Incidentally, 
however, do not be surprised in finding that more tractors are 
needed after putting in lift trucks, for these act as feeders for 
the tractor train, placing their skids directly on a low trailer 
where a long haul to a distant point about the plant is necessary. 
A special raft at the proper height to bring the trailer floor even 
with the platform makes it possible to handle this nicely. 

An experiment in materials handling is reduced to failure if 
the management has the idea that success lies merely in the 
purchase of certain equipment. Each industry or plant has its 
own problems in material handling, and the successful solution 
may require much thought, and certainly all the experience ob- 
tainable. When installing lift trucks, select the best man as a 
supervisor, and give him all the executive assistance and backing 
which such a radically new development will require. Above all, 
forget the initial cost, and look to the net return on the invest- 
ment. If there is sufficient materials-handling work to be done, 
the saving under the new system of handling will amount to more 
than double the investment annually. 


Skid-Platform Shipment 
of Commodities 


By F. J. SHEPARD, JR.,46 WATERTOWN, MASS. 


After outlining the development of the use of lift trucks for in- 
terior factory transportation, the author briefly discusses their 
possibilities for interplant transportation and for use between 
cities through freight and motor-truck shipments. He shows how 
the methods of packing and transporting paper have been radically 
changed in the past two years through the use of skid platforms for 
shipment, and gives figures of savings effected in a number of in- 
stances. 


N ADDRESSING engineers on the subject of lift trucks it 
is of course unnecessary to go into the elementary features 

of the platform system. All are familiar with the moving of 
loads on platforms with a lift truck, which is nothing but a lifting 
unit mounted on wheels. 

It is probably true that this system is being used wherever its 
use is considered adaptable. What the author particularly 
wishes to do is to call attention to certain developments which 
may have not been considered, and most especially the develop- 
ments of the past few years during which time the greatest prog- 
ress has been made. 

One has only to go back twenty years to the starting of the 
lift-truck system. Up to that time everything was handled on 
wheel trucks. Lift trucks were first used on flat stock such as 
paper, lumber cut to size, etc. The only type of platform used 
was the flat-top type made of wood. 

Every use for lift trucks developed since that time has been 
the result of applying a proved principle to a particular problem. 
And when it is considered that lift trucks are used today to handle 
over 300 different products and in loads from 300 to 10,000 Ib. 
(20,000 lb. in the case of power-lift trucks) with platform sizes 


4 Chief Engineer and Treasurer, Lewis-Shepard Co. Jun. A.S.M.E. 
Contributed by the Materials Handling Division and presented 
at the Annual Meeting, New York, December 3 to 7, 1928, of Tue 
AMERICAN Society OF MECHANICAL ENGINEERS. 
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ranging from 3 sq. ft. up to 48 sq. ft., we can appreciate how un- 
limited the possibilities are. 

When lift trucks were first used in an average-sized factory, 
they were put in, say, a single department and for a single pur- 
pose. Then the user began to ask why he could not extend the 
savings throughout other departments where the handling prob- 
lems were somewhat different. He had the trucks; all he needed 
was more platforms, perhaps of a slightly different design. 

That is how the bin type, rack type, table type, etc., came 
into being. Today the styles of platforms used are almost un- 
limited, and it is safe to say that the only limit to their number is 
the imagination of the production man plus the experience of 
the truck and platform manufacturer. 

The result today is that in most of the modern plants the 
platform system is used throughout in so far as possible in the 
form of a transportation system rather than as an unconnected 
accessory. 

Now assuming for purposes of argument that lift trucks are 
used 100 per cent for interior transportation—which assumption 
is of course incorrect—the author would like to call attention to 
a few possibilities for their use outside the plant, such as for inter- 
plant transportation and even for use between cities through 
freight and motor-truck shipments. 

In the past two years the method of packing and transporting 
paper has undergone a complete change. Whereas formerly all 
sheet or ream paper was cased in boxes weighing from 500 to 
800 Ib. each, it is now placed on skid platforms directly from the 
inspection tables. The loads vary from 4000 to 7000 Ib., and 
after being covered with wrapping paper are squeezed into a solid 
unit by means of a rigid cover which is drawn down by steel 
strapping or by long bolts. 
cover replaces six to ten cases, whose cost averaged $2.50 each. 
The labor entailed in handling the large number of cases is done 
away with by the new method. 

The direct saving at the paper mill in this method of shipping 
amounts to approximately $5 per ton, or roughly, 3 per cent of 
the selling price of the paper. 

Paper-shipping platforms are of two general types, returnable 
and non-returnable. The first are heavily constructed with a 
structural-steel frame and heavy hardwood planking, and after 
being unloaded by the printer are returned to the mill in carload 
lots. The non-returnable platforms are of lighter construction, 
being built of soft wood, and are often supplied by the mill which 
formerly made up packing cases. The returnable type is com- 
monly used by mills supplying one or two large customers, and 
the non-returnable type in supplying jobbers and small customers 
who would not be able to return the skids to the mill promptly. 

One large paper mill estimates that $30,000 invested in return- 
able skids paid a 100 per cent dividend at the end of ten months’ 
use, and since that time has shown a saving of better than $120 
for each working day, or $36,000 per year. 

A second New England mill, which is at the present time ship- 
ping approximately 30 per cent of its output on skid platforms, 
checks the figure of $5 per ton saved by shipping on platforms, 
and the saving at this mill amounted to over $100,000 in the 
past year. 

As in all other lines of business in these highly competitive 
times, the savings affected by manufacturers are in a large 
measure passed on to the consumer, so that we can confidently 
look forward to a larger purchasing value for the dollar as dis- 
tribution costs are lowered. 

In freight-house installations we find that one operator with 
a hand-lift truck handles an average load of 1800 lb., as compared 
with an average load of 300 lb. handled with old-type equipment. 
This higher load unit in connection with the saving in loading 
and unloading time has shown a saving in handling cost at a 


A single skid platform and clamping — 


L. C. L. freight house of 30 per cent. In addition to the direct 
saving in labor, the railroad in question found that it could offer 
quicker service to shippers and also show a marked decrease in 
shortages and stray shipments. The first installation of this 
type has now been in service for three and one-half years and has 
proved satisfactory in every way. 

The foregoing figures are based on the handling of miscellaneous 
freight delivered in small units which has to be loaded on to the 
skids. With the growing practice of delivering to the freight 
house in larger units packed on skids, much larger savings will 
of course be shown. 

In developing all of the handling methods mentioned there 
were of course many problems which had to be worked out and 
many established customs which had to be changed. In most 
cases a completely new transportation system had to be devel- 
oped. But the fact remains that it paid to go through with it. 
The greatest enemy to the development of such systems is the 
inertia of old customs. The greatest aid to their development is 
imagination plus the determination to cut handling costs, which 
to one in the business seriously is a most fascinating problem 
because the results are so apparent and the savings so real. 

The manufacturers of lift trucks and platform skids are anxious 
to cooperate fully, not simply to make sales but to build better 
transportation systems, for they realize that if they do that or 
help to do it, sales will result as a matter of course. They have 
a wealth of material along various lines, plus the experience gained 
in working out problems, and in most cases are able to offer help- 
ful suggestions to those who may be considering handling prob- 
lems out of the ordinary. 


The Use of Skids for 
Water Shipments 


By H. E. STOCKER,’ NEW YORK, N. Y. 


Economical handling of commodities in bulk has been highly 
developed, but great reductions in costs are possible with other 


classes of cargo by the use of advanced methods and equipment’ 


and the application of principles which have accomplished so much 
in manufacturing. The principles of greatest importance are the 
reducing of handling to the minimum and increasing the production 
of equipment to the maximum. 

In the shipping industry handling may be reduced by keeping 
freight off the floor of the dock and the deck of the ship. The best 
method of accomplishing this is to receive the freight from the manu- 
facturer already loaded on a skid. It broadens the application of 
the principle by extending it back to the mill where the goods are 
manufactured. Savings are increased not only by reducing handling 
at the mill and at point of consumption but by reducing packing 
expenses. 

On a dock with its floor in good condition, one man and a tractor 
will handle skids averaging 3600 |b. with a total saving as compared 
with shipments in cases of over 80 per cent. 

Even more important from the standpoint of net profit is the 
fact that additional business has been brought to the line by accept- 
ing shipments on skids. 

In addition to the economy resulting from handling skids on 
the dock with lift trucks, the average sling load will be increased 
approximately 300 per cent, the ship's dispatch will be expedited, 
and the claims reduced. Total savings will be the equivalent of 
more than a 50 per cent cut in cargo-handling expenses. 


5 Resident Manager, McCormick Steamship Company. 

Contributed by the Materials Handling Division and presented 
at the Annual Meeting, New York, December 3 to 7, 1928, of THe 
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OVER 500,000,000 tons of cargo are transported yearly on our 

rivers, lakes, and canals and in our coastwise, intercoastal, 
and foreign trades. Economical haadling of commodities in 
bulk has been highly developed, but great reduction in costs is 
possible with other classes of cargo by use of advanced methods 
and equipment and the application of principles which have 
accomplished so much in manufacturing. 

The principles which have been responsible for these results, 
if more generally extended in the American shipping industry, 
would be of profound importance. Like farming, shipping needs 
relief. 

Recent legislation gives substantial aids to ship operators. 
Advanced principles of materials handling will add greatly to 
these benefits by reducing cargo-handling costs. The principles 
of most importance are: 


1 Avoid unnecessary movement—i.e., straight-line pro- 
duction 
Maximum use of mechanical equipment 
Entire operation planned carefully to the last detail 
Select the one best machine, etc. for each particular job 
a_ Be familiar with all equipment on the market 
5 Select the one best method for each particular job 
6 Emphasize unit cost rather than first cost, and finally, 
emphasize net profits 
Provide for ease of movement 
a_ Ball-bearing trucks, trailers, etc. 
b Good floors 
c Movement by power 
8 Minimum of handling 
a Economy in moving material is obtained by 
not handling it 
9 Maximum production from the equipment and plant. 


to 


. Each of these principles is important. Some need emphasis. 


Any change in cargo handling should be thoroughly planned. 
Every part of the operation should be studied not only by itself 
but in its relation to every other part. Electric lift trucks 
cut costs as compared with hand trucks, yet on some docks 
their introduction would increase costs per ton of cargo. 

Unit costs are fundamental. First costs are of consequence 
only as they affect unit costs, yet it is strange how often they are 
overlooked in cargo handling even by engineers. Finally, the 
important thing is net profit. Everything in a business organiza- 
tion must converge to that end. 

In their application to cargo handling the principles of the 
greatest fundamental importance are the reducing of handling to 
the minimum and increasing the production of equipment to 
the maximum. 

In the shipping industry, handling may be reduced by keeping 
freight off the floor of the dock and the deck of the ship. At 
present there are three methods of accomplishing this: first, 
receiving freight on trailers and keeping it on trailers until de- 
livered to consignee’s trucks at destination; second, doing the 
same with skids; third, receiving the freight from the manu- 
facturers already loaded on a skid, such as is extensively done 
in shipments of paper. 


Errective Use or Tractors AND TRAILERS 


The most effective use of the tractor-trailer method with which 
the author is familiar is that of the Goodrich Transit Company. 
This line operates on Lake Michigan. Formerly the freight 
(general cargo of all descriptions) was handled by hand trucks. 
When the steamer was not loading, shippers’ motor trucks un- 
loaded to the floor of the dock. If the steamer was loading, 
the freight, as far as possible, was trucked into the ship through 
side ports and stowed on the ship’s deck. 


MATERIALS HANDLING 
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Now twelve hundred trailers and twelve electric tractors are 
used. Shippers’ trucks unload to trailers (Fig. 1). These are 
hauled to a place on the dock and left there until the ship starts 
to load. They are then hauled into the ship and left there until 
arrival at destination (Fig. 2). Tractors enter the ship at desti- 
nation and haul the trailers to the dock where the freight is un- 
loaded from the trailers on to shippers’ trucks. 

While it has not been found possible to load a ship with all 
freight stowed on trailers, a large percentage is so stowed, with 
the result that the average cost per ton has been cut 50 per cent. 
In addition, on one of the Goodrich Transit Company’s lines two 
ships now do the work which formerly required three. 

The Detroit and Cleveland Steamship Company presents the 
most notable example of the use of skids and lift trucks. (This 
operation is covered in Mr. Wright’s paper.) 

At the Southern Pacific Company’s New York dock some of 
the freight is unloaded from motor trucks to skids. These are 
stored on the dock or moved directly into the ship with electric 
lift trucks. However, in this case the skids are unloaded to 
the deck of the ship. 

Important savings have also been effected by the Elder Demp- 
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Fic. 1 SHowinG Surprer’s Truck UNLoapING To A TRAILER 


ster Line, operating from New York to Africa, by using skids and 
electric lift trucks on its dock. 

The Isle of Pines Steamship Company, operating in Cuban 
waters, is planning the handling of blocks of marble with hand 
lift trucks. These blocks, which will weigh as much as six tons 
apiece, will be placed on timbers so the truck can get under them. 

The Moore and McCormack Line handles boxed automobiles 
at its New York pier with lift trucks. The boxes are placed on 
timbers when unloaded by the lighter. 


MODIFICATIONS OF THE SKID PLAN 


There are methods of freight handling which might be called 
modifications of the skid plan. 

Freight is unloaded on to a “Re-Bo.” Fig. 3. This is a re- 
movable body for two-wheel hand trucks fitted with runners 1'/, 
in. high which raise the bottom of the ‘“‘Re-Bo” off the floor. 
When the freight is to be moved the blade of the hand truck is 
pushed under the ‘‘Re-Bo” and by means of a handle the load is 
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pulled back onto the truck. The operation of the ‘Re-Bo” 
increases the capacity of a two-wheel lift truck as much as 100 
per cent, possibly more. 

In handling sacked goods and large cases, instead of a ‘‘Re-Bo”’ 
a rope sling is used. Before the packages are unloaded to the 
floor of the dock a rope sling is placed on the floor. When the 
sling load is made up the ends are looped. This unit is moved 
to the ship by a portable crane. While the freight is not kept 
off the floor, the result is practically the same. 

Some docks are equipped with telphers which both transfer 
and tier the cargo. However, the author knows of no examples 
where the freight is kept in unit loads on the dock by use of rope 


Fie. 2 TrarLter or Fig. 1 Stowep 1n 


slings or other means. At Manila, P. I., bridge cranes have 
been installed. 

Shipping from the mill to consumer on skids is the best method 
of freight handling, for it broadens the application of the principle 
by extending it to the mill where the goods are manufactured and 
to the consumer who uses them. Savings are increased not only 
by reducing handling at the mill and at the point of consumption, 
but by reducing packing expenses. 

In general cargo handling this new development offers the 
greatest application for cutting costs. Its full potentialities 
will be discussed later. 

In a few instances shipments of paper on skids are moving via 
water routes. 


MarINE SKID OPERATIONS 


Marine operations are fundamentally divided into two classes, 
one in which the freight is loaded through side ports and the 
other in which the freight is loaded overall through hatches. 
Side ports are used to a large extent on rivers and lakes, and in 
the coastwise trade. 

In our foreign and intercoastal routes, overall hatches are 
used almost exclusively. 

One example of a side-port operation is found on the Eastern 
Steamship Company’s Portland, Me.-New York Line. Ship- 
ments of paper on skids are loaded in a car at the paper mill by 
a hand-lift truck, then unloaded at Portland and taken into the 
ship through a side port with a hand-lift truck. On arrival at 
New York the skids are taken from the ship by a hand-lift truck 
hauled by an electric tractor. The tractor is used because the 
skids must be hauled a long distance to a bulkhead at the head 
of the dock. The bulkhead is used in conjunction with a runway 


and a hand winch in loading skids on consignees’ motor trucks. 
This is done at consignees’ expense by public loaders. At the 
publishing house the paper remains on skids until it goes in to 
the press. 

When shipments on skids were first made, the legs would fail 
to clear the end of the ramp when the tide was either high or low. 
Skids with three legs on a side (Fig. 4) would have the middle 
legs broken. This difficulty was solved, first, by placing a plank 
on the lift truck to give a greater rise, and second, by redesigning 
the skid to eliminate the center leg. 

Formerly, on the Eastern Steamship Company’s pier at New 
York, six men were needed with two-wheel hand trucks to move 
the equivalent of the average skid. At present the skid is moved 
by three men—a tractor driver and the two helpers who are neces- 
sary to steady the load because of the rough floor. The tractor 
was originally bought for handling trailers and is still used for 
that purpose when not handling skids. When the floor of the 
dock is improved and automatic couplers are used, one man and 
a tractor will be able to handle a skid. At the dock of the 
Chesapeake Line in Baltimore the floor has been improved by 
nailing down scrap-steel sheets. 

The labor saving will not be exactly five men, i.e., 83 per cent, 
because when the paper moved in cases, usually the movement 
on the dock was shorter. The weight was so much less that it 
was not necessary to take the cases to the bulkhead at the head 
of the dock for loading on consignees’ trucks. 

Skids could be loaded on motor trucks equipped with winches 
at any place on the dock by use of a portable ramp, but the added 
congestion would increase costs. 

While the hand trucks moved a shorter distance, the skid and 
tractor move at least three times as fast. The speed is now lim- 
ited by the helpers. 

Giving consideration to everything except repairs and capital 
charges, savings are now about 50 per cent. Allowing for re- 
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pairs, capital charges on the tractor for the time it is used and 
the full charges on the lift truck, the saving is in excess of 40 
per cent. 

When the floor is improved, the saving will exceed 80 per cent 
without allowing for charges on the equipment. When con- 
sideration is given to the charges the savings will exceed 75 per 
cent. Furthermore, checking and sorting of freight have been 
made easier and, improbable as it may seem, claims have been 
reduced. 


EXAMPLES OF SKID SHIPMENT VIA WATER 


Two objections have been made to shipping on skids via water. 
One objection is that packages cannot be stowed on top of ship- 
ments without damage to the paper, and that the resulting loss 
of space would cause loss of revenue. 
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The Eastern Steamship Company takes care of this by stowing 
light cases on top of the shipment. 

The skids that are fully boarded over on top, such as those used 
by Martin Cantine Paper Company (Fig. 5), are fully protected 
against damage. 

The second objection is the space lost between the bottom of 
the skid and the deck of the ship. Lost space is important only 
as it effects the cubic feet per ton of cargo. 

Skids weighing 4000 lb. are shipped by the Oxford Paper 
Company, of Rumford, Me., and measure 58.7 cu. ft., or 29 cu. ft. 
to the ton. The same grade of paper in cases weighing 600 lb. 
measures 44 cu. ft. per ton. This is largely because the paper 
on skids is highly compressed and then tied down with steel 
strapping or wire. Less broker stowage accounts for the re- 
mainder of the space saved. Six cases of 600 lb. take up more 
space than 3600 lb. of paper compressed into one solid mass. 
Therefore the use of skids results in a 34 per cent improvement. 
For the same space the revenue is 34 per cent greater, and this 
is of far greater influence on net profit than reduced handling 
costs. A 75 per cent saving of the latter may mean only 70 cents 
per ton, while a 34 per cent increase in the revenue received for 
the space used will amount to $1.80 per ton, or 157 per cent 
more. Of course ships are not loaded uniformly full, but never- 
theless the results are impressive. Of even greater importance 
than this is the fact that if these paper shipments were not 
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accepted by the steamship company because they were packed 
on skids, they would move via rail. The revenue remaining after 
deducting the out-of-pocket expense of doing this additional 
business, far exceeds the savings in handling expenses. In addi- 
tion to the Portland-New York business the Eastern Steamship 
Company handles paper on skids from Boston to New York. 
These skids are hauled from the railroad freight station to the 
dock by motor truck. No tracks are on the dock as at Portland. 
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The Boston line also carries printed sheets on skids. These 
are printed at Boston and bound into books at New York. 

The Eastern Steamship Company owns some permanent skids 
which are used in carrying freight between its terminals. 

Paper on skids is shipped from Ticonderoga and Mechanics- 
ville, N. Y., via rail to Albany, thence via river lines to New 
York. Shipments also originate at Saugerties and other river 
ports. Altogether there are three Hudson River lines handling 
paper in this manner. 

On Long Island Sound, the Blackstone Valley Line, running 
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between Pawtucket, R. I., and New York, handles skids. These 
move from Norwood, Mass., to Pawtucket by motor truck. 

The only important difference in handling between these 
four lines and that of the Eastern Steamship Company is the 
method of moving the skids on the dock and loading consignees’ 
trucks. 

The Hudson River Night Line uses only two men and an elec- 
tric tractor. This is possible because the dock floor is better. 

The Saugerties Steamboat Company pulls the lift trucks out 
of the boat by means of a block and tackle and the consignee’s 
motor truck. 

The other lines pull the lift truck by hand. One or more men 
are used according to the tidal condition. Consignees’ trucks 
are loaded by means of a hand windlass on the truck and a port- 
able ramp. 

The Hudson River is planning to haul two skids with a trac- 
tor. This will bring total savings compared with the old hand- 
truck method up to over 70 per cent. A first-class floor would 
make it 85 per cent. 

The Catskill Evening Line handles 2000 lb. of cardboard on 
skids from the mill up the Hudson River to the New York dock 
without packing or strapping. Bundles of paper are also handled 
in this manner. The skids are returned and not discarded as 
is usually done. Half the skids are owned by the steamship 
company and half by the shipper. These skids are loaded with 
groceries and other cargo on the return trip. 

Another line plans to ship small cases of drugs and tea on 
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permanent skids direct from the shipper’s factory to the New 
York dock. These shipments now go from dock to dock only. 
It is possible that later skids will move from factory to New York 
warehouse on skids. Returning skids will carry bundles of maga- 
zines and other small package freight. The savings as com- 
pared with handling thousands of small packages will be large. 

The second class of marine operations referred to previously, 
loading overall through hatches, is a very different operation 
than loading through a side port. 

Shipments destined abroad meet varying conditions at foreign 
ports. In Europe first-class docks are found, while in some 
outlying ports there are no docks. At some African ports ship- 
ments are taken ashore in surf boats. The author will not 
discuss this traffic further. 


User or Skips oN CoASTWISE AND INTERNAL WATER ROUTES 


The next step is that of expanding the use of skids on the coast- 
wise and internal water routes, and the extension of the practice 
to the intercoastal trade. In the latter only a few ships make use 
of side ports, and then only to a limited extent. 

Very few realize the size of our intercoastal trade. It employs 
approximately 1,000,000 gross tons of ships of 1000 tons and 
over (excluding tankers), which is over 30 per cent of the tonnage 
of the entire merchant marine of France. 

As far as the author can ascertain, no shipments on skids are 
moving via intercoastal steamers. 

In investigating the advisability of carrying skids, it is best to 
distinguish between the side-port and the overall operations. 
Then proceed to take care of the different conditions encountered 
by using such equipment and methods that have proved success- 
ful elsewhere. 

The principal difference on the dock is the greater time elapsing 
between the receipt of the freight and the loading of the ship. 
Intercoastal steamers sail generally at intervals of one week or 
more. Freight is accumulated well in advance of the sailing, 
and this often necessitates high tiering to conserve dock space. 

Tiering of skids is easily done by using a crane, a high-lift 
truck, or a portable elevator. 

Shipments on skids being raised seven or more inches off the 
floor are better protected against damage by water, leaking liquids 
and dirt. 

In some factories and warehouses where merchandise is loaded 
on skids, the insurance premiums have been reduced because 
the goods on skids can be quickly moved. 

Tractor and trailer trains are used extensively. This equip- 
ment is the most economical for long hauls as a tractor can haul 
more than a lift truck can carry. The greater flexibility of a 
unit with wheels is also an important consideration. The 
shipping of paper on skids does not interfere with tractor-trailer 
operation. As a matter of fact, the dock costs per ton are re- 
duced. A tractor hauling a skid of paper weighing 4000 Ib. is 
hauling the equivalent of five average trailer loads. The usual 
train consists of four trailers. Hauling two skids of 4000 lb. 
each would mean an improvement of 150 per cent. The differ- 
ence in capital charges would be so small that it could be ignored. 

One important difference between overall and side-port oper- 
ations is found in union restrictions on the minimum number of 
men to be used ina gang. This does not seriously interfere with 
effecting economies. In most instances surplus men can be 
used to supplement other gangs handling difficult cargo or truck- 
ing long distances, unloading cars, lighters, etc. 

Slinging overall instead of taking through side ports has been 
considered a serious objection to accepting shipments of paper on 
skids. The complaints are that the tackle will damage the skid 
and that if the skid is landed hard, the legs will give way and 


damage the paper. 


Neither of these objections is valid. On a Brooklyn dock 
canned goods are handled on skids. These are lowered to the 
first floor of the pier by a Shepard hoist, using a bridle-type sling 
fitted with angle irons. These catch under the ends of the skids, 
legs, orrunners. Thesame sort of gear, equipped with spreaders, 
will handle any of the skids used for paper shipments with which 
the author is familiar. This is substantiated by the opinion of 
some of the best stevedores in New York. 

Dropping a sling load hard is apt to damage almost any freight. 
Careless handling and not the skid would be responsible for 
damage done in this case. 


Curtina Costs 


One of the most effective ways of cutting cargo-handling costs 
is to increase the sling load. The work on the dock is strictly 
limited by the tons per hour handled by the hoist. The largest 
sling load of paper in cases is approximately 1200 lb. The same 
paper on a skid may weigh as much as 4900 lb. and the average 
is around 3600 lb. Therefore changing from cases to skids in- 
creases the average sling load over 300 per cent and expedites 
the ship’s dispatch. It is almost axiomatic that a ship earns 
money only when moving, so it is vital that time in port be cut 
to the minimum. 

This is an excellent example of the application of the principle 
referred to at the beginning of the paper: Maximum production 
from the equipment and the plant. 

The total savings are difficult to estimate. Probably they will 
be at least the equivalent to a 50 per cent cut in the cargo-han- 
dling expense of the paper shipped on skids. A 50 per cent cut on 
an intercoastal line means more in dollars and cents than it would 
on a coastwise or river steamer. The coastwise stevedores at 
New York are paid 75 cents an hour, while some of the river 
lines pay only 60 cents. The wage for intercoastal longshoremen 
is 85 cents an hour. A 50 per cent saving is then equivalent to 
a 71 per cent cut on a 60 cent wage. On the Pacific Coast the 
rate is 90 cents an hour. However, as with the Eastern Steam- 
ship Company, the greater gain comes not by cutting costs but 
by the influence on traffic. 

The maintenance of the sailing schedule is vital. Business is 
obtained by the schedule and is lost when the ships fail to keep 
it. Any aid to faster loading, therefore, is of value and should be 
encouraged. 

Two lift trucks are needed for an overall operation where one is 
sufficient when side ports are used. The second truck is needed 
in the ship for moving the skid from the square of the hatch. 
Of course, whenever possible the skids are left in the square of 
the hatch. 

No difficult or unusual problems are encountered in the stowage 
of skids. The shipment must be protected by dunnage to pre- 
vent damage by or to other freight. It must be securely held in 
place by shoring or surrounding cargo. The movement of the 
ship in heavy weather will not cause any greater strain on the 
legs of the skids than is encountered by shipments in cars as they 
are switched about a railroad yard. 

Discharging skids at destination is the reverse of loading. No 
new problems of importance are encountered. 

The low-body motor trucks used on the Pacific Coast are an 
aid to loading skids on consignees’ trucks. The bottom of the 
truck is not over two feet from the ground. 

When merchandise is shipped on skids with a gross weight of 
over two or three tons, mechanical equipment is forced on the 
shipping company. Such large packages cannot be handled by 
hand except at an excessive cost. Lift trucks must be employed, 
and tractors are advisable in most cases. With mechanical 
equipment comes lower costs. 

Expansion of the use of skids for water shipments of tinplate, 
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steel sheets, bolts, nuts, rivets, nails, drugs, groceries, hardware, 
cement, candies, flour, foodstuffs, dried fruits, canned goods, 
machinery, etc., will result in vast economies to American in- 
dustry. Paper is the only commodity that moves on skids via 
water in any volume. 

Unit loads of steel sheets are shipped via the’intercoastal route 
but not on skids. Four or five small cases of groceries and drugs 
are sometimes strapped together, with consequent economy. 
If these small units were loaded on a skid, the handling expenses 
would be still further reduced. Machinery moves on skids, but 
not skids that permit the use of lift trucks. 

The cubic feet per ton would be increased by shipping these 
commodities on skids. Compression of the load, which saves 
space on paper shipments, is not possible. 

Many intercoastal lines do not need to give consideration to 
the space factor. Some times lack of cargo is a chronic con- 
dition. When space is at a premium, that which is lost by ship- 
ping on skids will always be more than offset by the economies 
in handling on the dock and in the ship, heavier sling loads, 
expediting ship’s dispatch, lower claims, and cheaper checking 
and sorting. 

Canned goods from the Pacific Coast will probably net a 
saving of between 20 to 25 per cent. Canned goods shipped in 
50-lb. cases are handled 40 times more than if combined into a 
unit of 2000 lb. Steel sheets can be handled with much greater 
economy. From the time a carload arrives on the dock at 
Baltimore until it is loaded into a car at a Pacific Coast port, 
each individual sheet is handled six times. Great economy 
would result if these moved in units of two or three tons. 

The effort of the Department of Commerce and The American 
Society of Mechanical Engineers in extending the use of skids 
for water shipments is an important step in securing a more 
general understanding and application of the methods, equip- 
ment, and principles which have brought prosperity to our manu- 
facturing industries. The resulting economies will undoubtedly 
do much to aid the shipping industry of this country in attaining 
the full measure of prosperity. 


Skid Shipments 


By GEO. B. WRIGHT,* DETROIT, MICH. 


The author discusses skid platforms, stock skid boxes, power- 
lift and hand-lift trucks in the handling of cargoes in Great Lakes 
navigation. He points out that the greatest problem to be faced 
is the practicability of iriterchange between carriers, and between 
carriers and industrial plants. The solution, he believes, can only 
be arrived at through discussion between representatives of in- 
dustries, steam railroads, electric lines, steamer lines, city trans- 
fer trucking companies, and storage warehouses. 


IF THE author's superior officers were to say to, him that they 

wanted package freight loaded on to and unloaded from their 
steamers in the best possible manner to suit their conditions 
regardless of cost, he would use in the main only two-wheel hand 
trucks, strange as this statement may seem in this age of mechan- 
ical labor-saving devices. But the rub comes in the three words 


“regardless of cost,” and they, of course, would never be spoken. ° 


To understand this, one must visualize the type of steamers 
operated. They are combination passenger and package- 
freight side wheelers ranging from 360 to 535 ft. long and 85 to 


® Freight Traffic Manager, Detroit & Cleveland Navigation Co. 
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100 ft. wide amidships. The main deck forward is the only 
space available for freight, and the freight capacity of each 
steamer ranges from 600 to 1100 tons. On these decks there are, 
of course, many stanchions, engine rooms, smokestack casings, 
toilet rooms, shower-bath rooms, crew’s mess rooms, vegetable 
rooms, tool rooms, etc., so that the deck space available for 
stowing freight is substantially as shown in Fig. 1. 

This sketch represents roughly the deck of the Buffalo division 
steamers that have four stacks. The Cleveland division steam- 
ers have three and two stacks, and the Chicago division steamers 
one stack, and while the freight decks are more or less different, 
the stowing problem remains about the same. 

The cargo carried by these steamers is perhaps more diversified 
than that of any other similar carrier on the Great Lakes, and 
ranges from packages a few ounces in weight to iron and steel 
articles and machinery weighing several tons—literally every- 
thing from “a needle to an anchor.” 

In addition to this miscellaneous freight many thousands of 
automobiles are carried on their own wheels in the course of each 
season, and in order to carry maximum loads of automobiles 
the miscellaneous freight must be stowed from deck to deck with 
proper regard to the utilization of space in which an automobile 


Wt |V 

& 
4 Oh | furry 

WHEEL Kivi 


Fie. 1 Deck Space AVAILABLE FOR STOWING FREIGHT ON Com- 
BINED PASSENGER AND PACKAGE-FREIGHT Si1pE-WHEEL 
LAKE STEAMER 


cannot be placed. With this situation in mind, a glance at the 
deck diagram, Fig. 1, will convince one that the freight must 
be hand stowed in order to load the maximum number of autos. 
In this age, however, hand stowing exclusively is far too expen- 
sive, and the company has been compelled to adopt labor-saving 
devices in order to reduce stevedoring costs, which mounted 
steadily from 1914 to 1918. 

The first step to get away from exclusive hand trucking, the 
author believes, was the adoption of the four-wheel wagon or 
trailer, which was used to carry mostly iron pipe, sheet steel, etc., 
to and from the boat, and pulled by hand. Later two and some- 
times three trailers were coupled together and pulled by a storage- 
battery tractor commonly called a “bull’”’ or “big Ben.” At 
first this was confined to the ports only, but later it was decided 
to allow the four wheelers to remain loaded, and they were carried 
on the steamers, thus eliminating the time and cost of throwing 
the load on the boat deck at the shipping port and reloading it on 
four wheelers at the destination port. 

The company then began to experiment with hand-lift trucks 
and skid platforms and skid stock boxes. It was found that 
these skid platforms and boxes when evenly loaded with heavy, 
compact freight could be so placed on the boat decks as to form in 
reality a deck of themselves, and that quantities of lighter freight 
could be loaded on top of their loads so that the only space really 
lost was that between the legs, which was negligible. The scope 
of the work was then enlarged by employing power-lift trucks to 
do the work between the boats and the docks and using hand- 
lift trucks for moving the equipment short distances. Today 
the company has in service about 400 skid platforms and skid 
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stock boxes which are interchanged between ports carrying local 
port-to-port freight only. It must not be inferred that the four- 
wheel wagons or trailers have been abandoned; there are about 
100 in use, and they carry freight such as pipe, bar iron, lumber, 
strip steel, and other commodities not adaptable to skid-platform 
carriage. In nearly all instances none of this equipment is un- 
loaded from the time it is loaded at the tailboard of the shipper’s 
truck at the shipping point until it is delivered at the tailboard of 
the consignee’s dray at destination point. That is as far as the 
company has gone to date with equipment of this nature. With 
the exception of 25 steel skid stock boxes which were made for 
the company according to specifications which it furnished, the 
equipment was built in its own carpenter shop, some all wood 
and others with wooden bodies and steel legs. 

It would be impossible to estimate the saving made by this 
changed method of handling freight as many other elements are 
intertwined, but it has been considerable and it is felt that with 
more modern equipment greater savings can be effected in the 
future. At the present time the company is using electric power- 
lift trucks of 2 tons capacity with a 4-in. lift and 11-in. platforms 
50 in. in length, 29 in. wide. 

Up to the present writing no attempt has been made to use 
this equipment in interchange between shipper’s or consignee’s 
place of business except in a few instances. Occasionally a 
shipper will bring in a load on skid platforms or skid boxes and 
permit the equipment to travel to destination, and the company 
has handled storage batteries from shipping point to consignee’s 
factory on three-tier racks, but that is all. The present sizes of 
platforms and boxes do not lend themselves readily to maximum 
stowing on the standard motor truck or dray used for making 
pick-ups and city deliveries. The platform of the average city 
delivery motor truck is too narrow to permit loading two of the 
skid boxes or platforms abreast, requiring as they do a minimum 
width of 83 in., although the length in the majority of cases is 
sufficient. In other words, in order to get six boxes or platforms 
on a truck, the platform width between the stakes should be at 
least 7 ft. 2 in., and the length 15 ft. 6 in. At present only four 
boxes or platforms can be loaded on the average-size truck, and 
the owner prefers to have the freight unloaded from the boxes 
and platforms on to the platform of his truck in order that he 
may haul maximum loads and thus save trips. This is quite a 
factor, particularly in Detroit, which is geographically different 
from most cities on account of its being located on the Detroit 
River with the Dominion of Canada on its south bank. 

From the foregoing it will be gathered that the company’s use 
of special labor-saving equipment has been limited—and this is 
true. It has not been unmindful of more modern equipment, 
but the peculiarity of its tonnage movement has necessitated 
moving very slowly, having in mind at all times that space must 
be conserved at almost any cost to provide maximum space for 
automobiles. 

On invitation from the Department of Commerce, the author 
attended the conference held on June 6 last, and the information 
there gleaned suggested a line of thought that had not occurred 
to him before, namely, the interchange of skid boxes and plat- 
forms between carriers. Of one thing the author is certain: 
that handling costs can be reduced considerably if a feasible plan 
can be devised to put this system into effect. It takes no ex- 
perienced mind to realize that if a shipper in Akron, Ohio, for 
instance, can load freight on skid boxes or platforms and have 

it move to a consignee’s plant in Detroit, Mich., with only one 
loading and one unloading, that considerable money can be 
saved in the movement. Where the movement would be rail 
and lake, necessitating a transfer, the saving in labor would be 
very considerable, and on an all-rail movement, although less, 
would be quite an item. Up to this time the Department of 
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Commerce has made great strides in determining the standard 
sizes for skid platforms, skid stock boxes, and power-lift and 
hand-lift trucks. This is as it should be, but the biggest problem 
involved is the practicability of the interchange between carriers, 
and, to complete the picture, between carriers and industrial 
plants. If the mdvement is to begin at the carrier’s forwarding 
station and end at his unloading station, that is one thing. If 
it is to begin at the shipper’s place of business and end at the 
consignee’s place of business, that is another thing. By long odds 
the latter is preferable and affords the greatest saving in handling 
cost. Likewise it is the most complicated. At the conference 
on June 6 no plan was presented as to how this phase of the 
matter was to be handled, nor does later correspondence indicate 
that it has been since discussed. Since that time the author has 
tried to arrive at a solution of the problem in his own mind, but 
without avail. It can only be evolved by thorough discussion 
between representatives of industries, steam railroads, electric 
lines, steamer lines, city-transfer trucking companies, and 
storage warehouses—in fact, all engaged in the handling of general 
merchandise in transit. Interrogating himself, the author tries to 
answer these questions: 


1 Who is going to furnish the equipment, the shipper or 
the carrier? 

2 How is the freight going to be checked by the carriers? 
This involves the checking from shipper to first carrier, 
first carrier to second carrier, and so on, and last carrier 
to consignee, or last carrier to drayman to consignee. 

3 How is the owner of the equipment going to get it back? 

4 How are the repairs going to be handled? There is a 
constant upkeep on this type of equipment. 

5 Where the loads are preponderantly one way, how is the 
equipment going to be equalized? 


These and many more details must be satisfactorily disposed 
of before any interchange can be agreed upon. The Department 
of Commerce’s Division of Simplified Practice is vigorously work- 
ing on the problem, but it is a monumental one and can not be 
successfully solved in a short space of time. Indeed, it is the 
author’s firm belief that*it will resolve itself into gradual expan- 
sion. He cannot by any means conceive of its commencing on 
the basis of freight-car equipment as now interchanged between 
the railroads of the United States and Canada. 

The author has been asked to deal with the question from the 
standpoint of the steamship lines on the Great Lakes, but he 
would prefer that they speak for themselves as they have had 
to work out their own individual prablems according to their 
conditions and he knows that in most cases they are dissimilar to 
those of his company’s. However, other lines operating similar 
side-wheel steamers are the Cleveland and Buffalo Transit 
Company, and the Goodrich Transit Company. Neither of these 
lines is using skid boxes or platforms, both using four-wheel 
trailers. 

In conclusion the author would say that he and his company 
know from experience that the use of skid boxes and platforms 
in transportation saves time and money for them. They are 
sure that the system can be extended to save time and money for 
others, and are heartily in accord with the Department of Com- 


merce in their effort to make this equipment interchangeable 


between carriers, and will gladly cooperate in every way to bring 
it to a successful conclusion. 


Discussion 
W.S. Moreneap.’ From the standpoint of a supply depart- 


7 Assistant General Storekeeper, Illinois Central System, Chicago, 
Ill. 
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ment of a railroad, and not that of a railroad carrier, a plan has 
been worked out whereby 95 per cent of the material is handled 
on skids. There are something like 42,000 items in store stock, 
and about the only thing that is not skidded is pipe or bar iron. 

When the problem of putting in lift trucks and skids was under- 
taken, the first thought was to save labor. There has resulted a 
saving in labor, saving in storage space, and saving in stock 
investment. It is found that where there is sufficient volume 
of material to require as many as six men, this expense can be 
reduced one-third by use of lift trucks and skids. Storage 
space is saved by keeping material on wheels so as to move it 
more quickly. It goes through the plant more rapidly, and in 
places where it would be lying idle for a day or two the space is 
no longer needed. 

Investment is saved by quicker distribution. Material gets 
from the manufacturer to the user more quickly, and in that way 
investment is cut down. 

Further economy will result if the manufacturer can ship on 
skids and thereby save the labor now used in the car to place 
this material on skids. Where a manufacturer is manufacturing 
or shipping a straight commodity, there is no reason that it 
should not come through the railroad freight houses and ulti- 
mately to the consumer on skids. The Department of Commerce 
has visioned this, and has come out with the suggestion for a 
standardized skid and a standardized truck, so that when a 
skid reaches its point of distribution a standard truck will be 
able to handle it. 

In Fig. 3 of the paper, if the goods are shipped in light boxes 
there is no necessity for three skids; they can all be placed on 
one, one above the other. If items are heavier and where each 
one constitutes a load of around 5000 lb., the container would 
no doubt be heavy enough to support the other two. In tiering 
skids, if they are placed at an angle, a 6-ft. aisle will be sufficient 
for a lift truck to get under. If they are placed square, as shown 
in the illustration, it will take a 12-ft. aisle to get the truck around. 
Space is saved by placing the skids at an angle. 


Ezra W. Crark.8 The Bendix Brake Company at South 
Bend, Indiana, ships practically all of its products on skids. 
Large quantities are shipped to large consumers, and practically 
all in car lots. The Clark Equipment Company, makers of 
motor-truck axles, ships practically all of its axles in a specially 
designed skid which is later returned by the user. Continental 
Motors, at Muskegon, Michigan, ships practically all of its motors 
in earload lots on skids. There are a number of other cases 
where in the automotive industry considerable attention has 
been given to the shipping of products on skids which are later 
returned to the factory. Manufacturers of industrial-haulage 
equipment maintain experimental laboratories and have men 
who go out to solve material-handling problems. Most of the 
companies that are engaged in building material-handling equip- 
ment will furnish without expense to those interested the service 
of experienced engineers who will be able, by reason of their 
special knowledge of this field and familiarity with its problems, 
to devise a method particularly adapted to the need, and reduce 
material handling costs. 

There has been introduced this year a number of overhung 
tiering trucks for the tiering of tote boxes and skids, with a 
floor clearance of less than two inches. 


C. M. Bonne tt, Jr.° Tin plate for can making is shipped on 
improvised skids, this being handled in the car at point of origin, 


J 8 Vice-President, Clark Tructractor Company, Battle Creek, 
Mich. 

* President, Packing & Shipping, New York, N. Y. Assoc-Mem. 
A.S.M.E. 
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and out of the car at destination by means of an electric lift 
truck. Sometimes the railroads, in switching, hit the cars quite 
hard, causing the skids and their loads to shift. With the unit- 
tie method of loading such commodities, it is customary to leave 
space in the doorway for possible shifting of the load, and for 
space to remove the lift truck after the last skid load is placed 
in the car. If the switching operation is severe, considerable 
shift in the load may occur, causing skids to shift toward the 
center or doorway of the car. When this occurs, it is impossible 
to get the lifting truck in the doorway to start unloading, which 
then must be done by hand. One large oil company has found 
that in some cases it has taken two to three hours of the time of 
three or four men to get the load started. Thus the saving that 
might have been effected by the use of skids and lift trucks was 
lost due either to improper handling of the car by the railroad 
or to the method of bracing or loading the skids in the car. 


James E. Mrx.” Many manufacturers have used lift trucks 
in their plants for years, but in expanding their use to the point 
where the goods are shipped on skids, it is found that their 
position is in a way similar to the railroad that had narrow- 
gage cars and engines. They would not interchange with the 
equipment of other companies as they were not standard. If a 
company adopts platforms and trucks of the 20 in. width for its 
own convenience, and the railroads adopt the 27 in. width, their 
trucks will be too wide'to handle the company’s shipments, and 
the saving by shipping on skids will be lost. If finished products 
are loaded on a skid platform or into a skid box which is not 
one of the standard sizes which the railroads have adopted, 
naturally it will be necessary to transfer that material to another 
skid platform or skid box in order to make it possible for the 
railroad to handle it with their lift truck. 

This may be looking rather far ahead as it will be quite some 
time before all of the common carriers will be using lift trucks, 
and a large number of manufacturers will be shipping on skids, 
but a manufacturer when buying skid platforms and lift trucks 
should buy something that will be convenient for the carrier 
as well as for himself. A lift-truck user usually thinks of buying 
something which will be convenient for his own product, and 
does not usually consider that he should buy something which 
will also be convenient for the other user. 

If the idea of skid-platform and skid-box exchange is carried 
out, it will mean that users will have to conform to some of the 
standard sizes. All will not be able to use the same size trucks, 
but it will be possible to reduce the number of sizes to a dozen 
or fifteen, which would make it very much easier for the carriers, 
and those who wish to ship materials on skids, as well as the truck 
manufacturer. 


Frank L. Erpmann.'! Interplant shipment of commodities 
on skid platforms is still in its infancy. This method of shipment 
originated in the paper and pulp industry about twelve years 
ago, and only within the past few years has its application been 
extended to the shipment of other materials. So satisfactory 
are the results that many firmsaow specify that materials shipped 
to them by freight should be loaded on skid platforms in the 
plant. Some of these firms issue instructions as to the dimen- 
sions of the skids, and the arrangement of the loaded skids in the 
freight cars. 

Factors which have retarded a more general adoption of ship- 
ment on skids are lack of standardization of skid sizes, which 
inconveniences the interchange of the skids between carriers, 
and the failure of managements to appreciate the savings which 
accompany the employment of this method of shipment. Now 


” Excelsior Plimptruck Co., Stamford, Conn. 
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that the lift-truck manufacturers, skid-platform manufacturers, 
users, and transportation companies are cooperating toward 
standardization, with the aid of the Division of Simplified Prac- 
tice of the Department of Commerce, the chief obstacle is re- 
moved. Papers such as those presented reporting the actual 
savings effected will do much to encourage the general use of 
this method. Progress may be slow for a time, but there is 
every reason to believe that present shipping methods will 
eventually be revolutionized through the expansion of shipment 
on skid platforms. 

In addition to the savings which Mr. Crockett has mentioned 
for this method of shipment, the cost of unpacking is in most 
cases greatly reduced. For example, flat-paper stock which is 
secured to the skid platform by wires may be unpacked by simply 
cutting the wires, as against the former job of uncrating. Also, 
reduction of car demurrage is in many instances made possible 
as a result of the reduction in time required for unloading skids 
from freight cars. 


Fig. 3 of Mr. Crockett’s paper shows a 
method of storing with skid platforms. In this particular case 
there is a loss in storage capacity due to the height of skid. Ifa 
hand truck is used in the movement, the skid necessarily must 
be high enough to get the truck platform underneath it. From 
the illustration it appears that the loss in storage capacity is 
perhaps 25 per cent, if a skid is roughly a foot high, and the load 
3 ft. high, which is a typical movement of this kind of material. 

If power equipment only is used, without the lift type of truck, 
it is possible to use an overhung design of truck and reduce the 
height of the skid. If the skid were made 4 in. high with a 2 
in. X 4 in., or 3 in. X 6 in. piece flatwise on either side, and 
with boards across the top, it is possible to lift it with an over- 
hung design of lift truck, and get a load of one or two tons, which 
is a commercial loading, making the loss in storage for a given 
height approximately one-third of the loss that there is in com- 
mon use today. If the loss today is 25 per cent for a given 
height of storage due to the space in the skid itself, that can be 
reduced to around 8 per cent. 

With long shipping movement where cubic space is important, 
it is highly desirable to reduce lost space to the minimum. The 
design of skids commonly used with legs rather than continuous 
members on the sides, concentrates the weight on four points on 
top of the packages of goods which are being stored. In Fig. 3 
two skids are stored on top of the goods on the bottom tier of 
skids. A very highly concentrated weight must be sustained on 
the boxes themselves. If strawboard cartons are used, the limit 
of the method is due to weight. 

By making skids with continuous members, where the bottom 
strips are made flat instead of on legs, the effect is that of putting 
web feet on the skid, and getting a large number of square inches 
to distribute the weight, so that piling can be done without 
danger of crushing the freight itself. The problem can be solved 
by an overhung design of lift truck. If a couple of feet are added 
to the length of the lift truck and the turning radius on the steer- 
ing is reduced, a perfectly feasible design is obtained for use in 
the type of storage shown in Fig. 3. With very narrow aisles, 
the distance required for telescoping or backing out from the lift 
platform, makes it quite important to keep the length of the 
truck itself as short as possible. With the overhung design, the 
wheels are not underneath the skid, but the lift table goes clear 
to the floor. 

Dried prunes and materials of that kind come from the Pacific 
in small packages. It requires a tremendous quantity of work 
They are all mixed up when they 


W. C. Brinton.” 


to handle all those little boxes. 


12 President, Terminal Engineering Company Inc., New York, 
N. Y. Mem. A.S.M.E. 
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arrive on the east coast. There is a large amount of sorting, 
similar to post office operations, to get each of the different 
cases into a pile for its particular consignee. Use of a consoli- 
dated, uniform package will result in very great savings. There 
might be a reduction in the cost of the goods if the purchaser, 
say the wholesale grocer, would buy in skid units or container 
units. 

On steamship piers it is perfectly feasible to handle that sort 
of unit package with an overhung type of lift truck because there 
are no narrow aisles. The very low skid is not recommended for 
general use on railroads where the material goes to small railroad 
stations that cannot support a power-operated lift truck. There 
will be more power-operated lift trucks used as time goes on. 
At present most skids must work with both the hand truck and 
the power-operated truck. Where the power-operated truck can 
be used entirely, it is feasible to use an overhung type of design, 
and reduce the height of the skid with very great advantage. 
With the overhung type of design it is feasible to get the turning 
radius so short that the truck can turn around a full circle 
touching a broomstick all the way around. 

The writer suggests for the above-mentioned type of truck, 
(where the power plant is occupying a little bit larger space), 
that a skid design be used that will allow two in the width of 
a freight car. 


AvutHors’ CLOSURES 


C.B.Crockxetr. Difficulty from the shifting of the load when 
cars loaded with skids are subjected to rough handling during 
switching, and the impossibility of unloading by lift trucks when 
the skids are shifted toward the center or doorway of the car, 
is only relative. The unloading of material by hand from skid 
platforms should not be more difficult than the unloading by 
hand of material which was not shipped on skids. The cost 
therefore of unloading when the material or skids shifted in the 
car cannot be greater than the cost of unloading where the 
material was not shipped on skids at all. 

It hardly seems fair to consider the entire subject of material 
handling, and omit such labor saving devices as conveyors, 
either the gravity, chain, belt, roller, hook, or slat types, or to 
omit the overhead tram rail, electric hoist, cranes, monorails, or 
industrial railways, and developments in pneumatic equipment. 
If the entire subject of materials handling could be solved by 
the two methods mentioned by Mr. Clark, a program might be 
laid out covering both methods of handling, but inasmuch as 
there is a wide range of topics covered in the equipment 
mentioned it seemed wise to the executive committee to take 
one particular leg of this centipede and give it an exhaustive 
study from top to toe. Mr. Clark probably did not appreciate 
that the subject of the session had been designated as a symposium 
of the skid handling of interplant shipments, and that such a sub- 
ject having been chosen, the papers and subsequent discussion 
would in all probability center about skid equipment. 

Mr. Brinton brought up the question of reduction of clearance 
under the skid platform. In the first place there are close to 
7000 electric lift trucks now in service, representing an invest- 
ment of nearly $15,000,000, to say nothing of the investment 
in the present hand-truck equipment of probably many times 
that amount. Any attempt at standardization to be successful 
must take into account present conditions, although Mr. Brin- 
ton’s remarks should be considered as a goal toward which 
industry might work. 

Special reference was made to the clearance shown in the ware- 
house operation in Fig. 3. The following computations give 
cost of space as compared with a reduction of cost in handling. 
The space lost for one skid is approximately 4 ft. X 5 ft. x 1 ft. 
or 20 cu. ft., which at a cost of warehouse space at 20 cents 
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a cubic foot represents an investment of $4. If the depreciation 
and interest on the investment be considered as 5 per cent each, 
the total fixed charges will be 40 cents for a yearly loss by the 
use of skids. There are, however, 48 cartons loaded on this 
skid, and if, in the course of a year, there is a total output equal 
to 20 times the storage capacity, there will be 20 movements in 
and 20 movements out, a total of 40 movements, which if handled 
as individual cartons would amount to 1920 individual handlings 
or, subtracting 40 skid handlings, an elimination of 1880 indi- 
vidual handlings over which the loss of 40 cents per year would 
be prorated. This would amount to 0.2 of a mill per individual 
handling, which does not seem to be an excessive amount to pay 
for the loss of space underneath the skid. It is the author’s 
opinion that the question of space has been overemphasized 
throughout industry in comparison with the savings which may 
be made in the handling operation even at the sacrifice of a 
considerable amount of space. Mr. Brinton’s comments con- 
cerning the classification of freight, and the employment of 
thought regarding the size and method of shipping as an aid to 
lower handling costs are very much to the point, and present 
an opportunity for study which would in all probability result in 
tremendous economies. 


R. L. Locxwoop. Adoption by the Department of Commerce 
of certain standards of over-all dimensions for skids was men- 
tioned by Mr. Wright. The action to which he refers was 
taken at the general conference of manufacturers, distributors, 
and users of skid platforms at the department on June 28, 1928, 
but this action was not an adoption of standard sizes. The 
Division of Simplified Practice had asked for suggestions re- 
garding such dimensions. At that time there were figures from 
Mr. Miller, Mr. Morehead, and others, on the size of skids being 


used. There was a great deal of discussion, and many letters 
were received from various sources, mostly from shippers of ma- 
terial, suggesting different sizes of skids. 

At that meeting the suggestion was made in a tentative way 
that it would be desirable to have multiple sizes, one skid, if 
possible, exactly twice the size of the other, the small-sized 
skid to load three abreast in a railroad car, and the large-sized 
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two abreast. It was voted as the sense of the meeting that the 
committee in charge of the matter study that question, and find 
out whether it was possible to reach any standard over-all di- 
mensions which would be generally acceptable and usable. That 
committee is still working on the question. 

Several hundred answers have been received to questionnaires 
sent out to as many as 2000 firms, asking what size skids they 
were using, also asking them to give the over-all dimensions, 
and the number in use for shipment of goods. A mass of in- 
formation has come in on that subject, but it is so diversified 
that it will be a long time before it will be possible to establish 
standard over-all dimensions. 

In the paper industry the skids vary according to the size of 
the paper that it shipped on them. Some other industries also 
require special skids. After investigating the subject to this 
extent, it is felt that skid standardization has gone about as far as 
possible until this material has been analyzed and considerably 
more information obtained on the subject. 

By establishing standard clearance heights and widths the 
important feature of interchangeability has been accomplished. 
It is obvious that standard over-all sizes would effect economies 
in packing and shipping, but no definite action has yet been 
taken. The action mentioned as having been taken at the 
conference was merely an expression of the “‘sense of the meeting,” 
and specifically stated that the Department of Commerce and 
the committee in charge were to investigate the possibilities. 
The department is still getting information, and there has been 
no standard yet adopted by any one. 

At the conference in Washington where this matter was 
first brought up, there was a general committee appointed to 
act as a “steering committee.”” A survey was made of all the 
suggestions that had come in, and sub-committees were author- 
ized to handle the different fields. From the suggestions re- 
ceived, it appeared that the manufacturers of skids and lift 
trucks were more nearly ready to ask for certain definite things 
to be done in connection with standardization than were the manu- 
facturers of other kinds of material-handling equipment. The 
first sub-committee appointed covered skids and lift trucks. The 
second covered tractors and trailers. 
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Handling Papers and Small Articles by 
Pneumatic Tubes 


By JAMES WHITING,! PHILADELPHIA, PA. 


Pneumatic tubes as applied to the handling of papers and small 
articles accomplish what the telephone does for the spoken word. 
They not only now move the mass of paper work attendant on our 
industrial activity, with its intensive distribution, keen competition, 
and large production, but are being applied continuously to the 
mechanical processes of production. 

Applications of pneumatic tubes comprise /!'/-in.-diameter 
tubes handling radio messages, telegrams, telephone toll tickets, 
etc.; 2'/¢in. tubes for general message and utility service; 3-in. 
tubes for handling tools, small machine parts, samples, etc.; 4-in. 
tubes handling hot ingot test pieces, gunpowder, paint samples, etc.; 
5-in. tubes in testing laboratories and railroad freight yards; 3-in. < 
6-in. oval tubes for bank service in handling pass books and de- 
posits, and in publishing houses for carrying copy and proofs, 
etc., and 4-in. < 7-in. oval tubes handling complete folios of corre- 
spondence, insurance policies, etc. 

The tasks to which pneumatic tubes are applied are innumerable 
and form a list which includes every industry, and as added ap- 
plications are made in the general business world, other new applica- 
tions become constantly apparent. 


HE earliest 
record on the 
subject of 
pneumatic trans- 
mission is found in 
a paper presented 
to the Royal So- 
ciety of London by 
Denis Papin in 1667, 
entitled “Double 
Pneumatic Pump.” 
Papin’s plan was 
to exhaust air from 
a long tube by two 
large cylinders. 
The tube was to 
contain a piston, to 
which a carrier was 
to be attached by a 
string. Develop- 
ments were slowand 
about 100 years 
later M. Van Estin 
described a system 
consisting of a hol- 
low ball containing 
a message, the ball being propelled through a tube by compressed 
air. No attempt to apply this system commercially is recorded. 
In 1810 Medhurst, a British engineer, published a paper 
describing the moving of small carriages mounted on rails in air- 
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Fic. 1 Tunnet Construcrep BETWEEN Euston Rartway Station 
AND THE CENTRAL Post Orrice, LONDON, IN 1864 
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tight tubes by compressed air and partial vacuum. A demon- 
stration system of this type was installed, and many patents were 
taken out on the Continent and in America. 

Further developments in pneumatic transmission returned to 
the original Papin scheme, having the load placed in a container, 
the container being propelled through a tube by air. 


First PracticaL SysteEM OF PNEUMATIC TRANSMISSION 


The first practical system of pneumatic transmission was in- 
stalled by the Electric International Telegraph Company of 
London by their chief engineer, Josiah Latimer Clark. This 
system was installed in 1854 in the city of London between the 
main office of the telegraph company and the Stock Exchange, a 
distance of about 700 ft. The tubes were iron pipes 1'/, in. in 
diameter, and were operated in one direction only by vacuum 
maintained by a steam pump. 

Four years later the same company under the direction of 
their chief engineer at that time, C. F. Varley, increased the 
diameter of the tube to 2'/, in. and changed from iron pipe to 
lead tube. This line was operated in both directions, the out- 
going by air pres- 
sure and incoming 
by vacuum. 

Improvements 
came rapidly, note- 
worthy steps being 
made by Siemens 
Bros., of Berlin, 
who received a con- 
tract from the 
British Government 
in 1869 for a line 
of double tubes be- 
tween the central 
telegraph office and 
the General Post 
Office in London. 
These tubes were of 
iron, 3 in. in diam- 
eter, with flanged 
and bolted joints. 

With the experi- 
ence gained from 
the operation of 
these early tube in- 
stallations, further 
study and develop- 
ment were made of the terminal apparatus for dispatching 
and receiving the carriers at the end of the lines. In 1870 
J. W. Wilmot of London designed and constructed a dispatch inlet 
by means of which carriers could be dispatched continuously 
without stopping the flow of air in the tube line. 

Paralleling the development of tubes for transmitting papers, 
telegrams, etc., early inventors gave impetus to the art by 
attempting to transport material in bulk. The Pneumatic Dis- 
patch Company of London, under the direction of T. W. Rammell, 
in 1864 constructed a tube 4 ft. 6 in. by 4 ft. high connecting 
Euston Station with the General Post Office, in which carriages 
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running on tracks were propelled at a speed of 17 miles per hour. 
These lines were operated by a fan 22 ft. in diameter which ex- 
hausted air from one tunnel and forced air into the other. <A 
vacuum of 6 oz. per sq. in. was produced. This system was found 
too slow to transmit mail in bulk and its use was abandoned. 

The firm of Siemens-Halske developed and installed a 2'/.-in. 
system of telegraph tubes for the Prussian Government in Berlin. 
This system was gradually extended so that by 1872 the city of 
Berlin was provided with a network of tubes connecting the 
various sub-post offices and telegraph offices. 

The new feature of this development was the intermittent 
operation of the air flow. Large tanks, some exhausted, others 
filléd with compressed air, sup- 
plied the energy to propel the 
containersas the service required. 

The French Government kept 
step with the development of the 
art and by 1875 had connected 
17 telegraph postal stations by 
tubes with the central office. 
In operating this service the 
containers are made up in trains, 
each container being properly 
labeled for its respective station. 
A piston which fits the tube 
closely is placed behind the train 
of containers and, when air is 
applied, forces them ahead. 
When the train of containers 
arrive at the stations they are 
sorted and again redispatched to 
their proper destinations. These 
tubes which handle the “petit 
bleu” messages in Paris are no 
doubt familiar to all tourists. 


Earty DEVELOPMENTS IN THE 
UnrtTep STATES 


The early developments in 
the United States are equally 
interesting. In 1867 Alfred E. 
Beach constructed a circular 
tunnel 8 ft. in diameter and 
about 200 ft. long in New York 
City under Broadway near 
Warren Street, and opérated a car seating 10 people. The car 
was propelled alternately in one direction and then in the other, 
the motive power being pressure and vacuum obtained by chang- 
ing the valves at the blower. 

The Western Union Telegraph Company as early as 1876 
laid four lines of tubes in New York City between their central 
office and four branch offices. 

The application of small-diameter tubes for handling money 
and papers within buildings developed rapidly, and compre- 
hensive installations to complete cash and charge transactions in 
retail department stores became quite common. 

Possibly the greatest forward step in the art of pneumatic 
transmission was made in 1892 when the first pneumatic-mail- 
tube system for the United States Post Office Department was 
designed and constructed by B. C. Batcheller, chief engineer of 
the Pneumatic Transit Company of Philadelphia, and a recog- 
nized authority on compressed air. This system consisted of a 
double line of 6'/,-in.-inside-diameter tubes laid between the 
Central Post Office and the Bourse Sub-Post Office station, a 
distance of 2974 ft., in Philadelphia. This line was opened 
for the service of carrying United States mails on February 17, 
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1893, by Hon. John Wanamaker, then Postmaster General. 
The United States Post Office Department gradually extended 
this type of service in the metropolitan cities, increasing the diam- 
eter of the tubes from 6'/s in. to 8!/s in. Pneumatic mail-tube 
service (8'/;-in. double-tube lines) has been installed as follows: 


Metropolitan New York 25 miles’ Boston............... 6 miles 


Fic. 3 Typrcan ARRANGEMENT OF PNEUMATIC-TUBE TERMINALS IN 
A U.S. Post Orrice STaTIon 


Fic. 4 Carriers For Various Uses 


(From left to right: Stock exchange carrier, 1'/s-in.; bank-check carrier, 
1!/2-in.; standard 2'/2:-in. message carrier; standard 3-in. message carrier; 
——. carrier, 4-in.; appraiser’s stores carrier, 5-in.; 8-in. U. S. Mail 
carrier. 


PNEUMATIC TRANSMISSION OF MAILs IN CITIES 


The mail-tube service as laid out in the various cities provided 
a comprehensive scheme of expediting first-class mail, incoming 
and outgoing, between the railway terminals and the central post 
office, and between the central post office and the major sub- 
post office stations. 

The standard containers used in the 8-in. mail-tube service 
are formed of a seamless steel shell 24 in. long having an inside 
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MATERIALS HANDLING 


diameter of 7 in. (Fig. 2.) These containers can accommodate 
a package 20'/; in. long. 

The shell is carried on two bearing rings 1*/, in. wide placed 
at equal distances from ends of the container and so located as 
to permit a carrier of maximum length to pass through a bend 
of minimum radius. 

The bearing rings are made of alternate layers of cotton duck 
and rubber compressed and vulcanized to bone hardness. The 
outside diameter of the rings is '/32 in. less than the inside diam- 
eter of the tube. One set of bearing rings will give 12,000 miles 
of service before requiring replacement. 

The forward or head end of the container is protected by a 
felt buffer reinforced by a steel stamping. The cover or lid of 
the container represents many years of endeaver to produce a 
foolproof positive-locking lid with safety features which would 
insure the locking of the cover and-prevent the opening of the 
container while in transit through the tube, which latter might 
result in possible loss or damage to mail matter. 

The empty containers weigh approximately 15 lb. and when 
fully loaded, 35 Ib., and travel at a velocity of 30 ft. per sec. 
It is quite possible with the latest type of transmitters to dis- 
patch carriers on a 7-sec. headway. 

This practical application of pneumatic transmission was 


Fic. 6 DicrapHone-Recorp CARRIER 
characterized in the 1914 Congressional Report of the Pneumatic 
Tube Postal Commission as follows: 


The pneumatic-tube service for the transmission of mails is an ad- 
junct to the mail transportation service for handling first-class, regis- 
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tered, and special-delivery mails, not furnished by other means of 
transportation, and is justified by the advantages of availability, ex- 
pedition, and security. 


VarIED Uses oF PNEUMATIC-TUBE TRANSMISSION IN INDUS- 
TRIAL ESTABLISHMENTS 


The extremely successful application of pneumatic-tube trans- 
mission to the handling of United States mails underground led to 


Fic. 8 Carrier Wits Lockine Lip 
FOR TRANSPORTING CHECKS OR 
Money 


Fic. 7 CARRIER FOR PAPERS 


Fie. 9 CarrreR INDICATOR 
DesiGNATING ANY EMPLOYEE OR 
DEPARTMENT 


the use of tubes of smaller diameters, 3 in., 4 in., and 5 in., 
for what might be termed industrial service as compared to 
their widespread employment in retail department stores for 
cash-carrying purposes. The rapid growth of industry in 
recent years, necessitating large manufacturing acreage and 
scattered buildings, gave a further impetus to the application 
of pneumatic tubes in industrial plants for facilitating communi- 
cation and manufacturing processes. 

Applications of pneumatic tubes have been exceedingly di- 
versified, as have also been the articles which the containers 
have carried. A demand has risen for pneumatic tubes in: 

Steel mills, for handling test pieces between bessemer and 
open-hearth furnaces and the chemical laboratory. 

Dye houses, for carrying samples of yarn from dye house to 
laboratory for matching as to shade and color. 

Paint manufacturing, for carrying samples between grinder 
and laboratory. 

Machine shops, for carrying light tools between tool room and 
shop department. 

Plant offices, for carrying dictaphone records from departments 
to correspondence division. 

Ammunition factories, for carrying powder from magazine to 
cartridge-filling rooms. 

Railroad terminals, for carrying baggage checks from baggage 
room to baggage master. 

Custom House, for carrying jewelry and miscellaneous mer- 
chandise and documents from inspector to appraiser. 

Railroad freight yards, for carrying car lists and conductors’ 
reports to yard master. 
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FUNDAMENTALS OF CONTAINER DESIGN 


The fundamental elements of design for pneumatic tubes for 
the many applications are quite similar. The variance is con- 
fined generally to the carrier design and to modifications in ter- 
minal arrangements. The design of a container is naturally 


Fie. 10 Stanparp Up-Discuarce 4-In. SinGie-Tuse PRessUuRE 
TERMINAL 


Fic. 11 4-In. Carrier FoR 2!/2-Ls. Incot Test Prece 


adapted to the article to be carried; if delicate objects, such as 
watches, samples of liquids, bottles, etc., protection must be 
provided for; if the material carried is at a high temperature, 
the container must be insulated; if its weight is considerable, 
strengthening of the container shell and buffer head must be 


resorted to, and if the article has a high value, locking devices 
for the lid end are essential. 

Terminal design has followed along lines which permit rapid 
and accurately timed dispatches of containers and their quiet 
reception without undue force. 


APPLICATIONS OF PNEUMATIC TUBES IN STEEL MILLS AND 
RatLroap YARDS 


New and interesting developments in pneumatic-tube instal- 
lation have resulted from the application of pneumatic tubes in 
steel mills and railroad yards. The length of tube lines in instal- 
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Fic.12 Layout or Freicut CLASssiFICATION YARD 
lations of this type are much longer in comparison with tube 
lines installed within buildings. 

The container velocities and operating pressures are much 
greater comparatively and require a heavier type of dispatching 
and receiving apparatus. The intermittent character of dispatch 
required to give normal service in steel mills and railroad yards 
permits the use of a single transit tube for dispatching con- 
tainers in both directions. 

Pneumatic tubes in steel mills serve the purpose of rapid 
transmission of hot specimens weighing from one to three pounds 
between the blast-furnace, open-hearth, bessemer, and mill 
departments and the chemical laboratory. The report on the 
analysis of the ingot sent to the laboratory by tube is in turn 
forwarded by tubes to the respective departments. 

The container velocity in tube lines of this character is from 
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MATERIALS HANDLING 


35 to 40 ft. per sec. The tube lines are usually 4 in. in diameter 
and are operated by pressure in both directions. 

The terminals are of the unit type, combining both the receiver 
and the transmitter. To insure the delivery of the carrier the 
terminals are equipped with electrically operated, definite time 
relays which control the flow of air for the time required for the 
carrier to be delivered from the tube. Where tube lines are not 
in excess of 200 ft. in length pneumatic time locks built integral 


Fig. 13 


Fie. 14 3-In. 6-IN. CARRIER FoR Pass Books, CHECKS, 
STaTEMENTS, Erc. 


with the terminals function as timing devices to control the air 
flow. 

The containers accommodate test pieces 2 in. X 1/,in. X 5in., 
each weighing approximately 2'/, lb. They are made of heavy- 
gage seamless steel tubing with the bearing rings located at the 
extreme ends of the shell. These bearing rings are of vulcanized 
rubber and canvas, and are protected from the heat of the ingot 
by insulating disks of asbestos. 

An idea of the service rendered by a pneumatic-tube line in a 
steel plant can be readily gained from a recent report from 
a steel mill in which it was stated that an average dispatch 
of 300 test pieces in 24 hours was made between the bessemer 
furnace and chemical laboratory. 

The routes of the tube lines cross innumerable railroad tracks 
over which there is continuous movement of cars night and day, 
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and this accentuates the necessity of mechanical messenger 
service. 

The air supply for the operation of the tubes is generally ob- 
tained from the high-pressure-air-distribution service of the 
steel mill, which is stepped down by suitable reducing valves to 
the required operating pressure, this latter depending on the 
length of line. 


RAILROAD YARD SERVICE 


The modern railroad freight classification yard with its length 
of four to five miles and its several widely separated points of 
major operation connecting with the main freight-yard office 


Fie. 15 SenpiInG MEDICINE AND Specrau Instructions From Dis- 
PENSARY TO ANY Part or HospiTauL 


has offered excellent opportunities for application of pneumatic 
transmission. The layout of these yards is such as to give tube 
lines varying in length from 1000 ft. to 6000 ft. 

The extreme lengths of tube lines, particularly with a single 
transit tube serving both directions of container travel, necessi- 
tated high carrier velocities, and consequent increased operating 
pressure, to expedite the mass of waybills, car lists, conductors’ 
reports, etc., required to be handled in a railroad classification 
freight yard in connection with the breaking up of a modern 
through freight train. 

Ten years ago 2-in. I.D. tubes were installed and looked upon 
as a standard for railroad-yard installation. Today 5'/-in. 
I.D. tubes with containers 20 in. long are necessary to accom- 
modate the clerical matter required to properly break up and 
reassemble a through freight train of normal length. 

The pneumatic tubes handle the inbound billing and check of 
inbound trains from the receiving yard to the main yard office; 
switch lists from main yard office to yardmaster and tower 
switchmen for switching cars into the classification yard on the 
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proper tracks; side-car cards to be applied on cars to be switched 
over the hump; check lists of cars in classification and advance 
yards to main yard office; and outbound billing lists from main 
yard office to departure yard covering cars to connecting lines 
and terminal stations. 

Container velocities of 45 ft. per sec. are demanded on some 
tube lines of this type, particularly the longer ones, in order to 
accelerate the dispatch of freight trains through the classifi- 
cation yards. 

This application of pneumatic transmission in railroad yards 
has not only required the development of new types of dis- 
patching and receiving terminals and containers, but field con- 
ditions have made necessary detailed investigation and tests 
for the purpose of developing non-corrosive tube; preventive 
measures against electrolysis; expansion joints for exposed tubing 
providing a continuous guide for the containers; and means for 
eliminating condensation. 


PNEUMATIC TRANSMISSION OF BusINESS PAPERS IN BANKS, 
INSURANCE Company OFFicgs, Erc. 


A representative application of mechanical messenger service 
is that of pneumatic tubes in the modern-planned building 
housing the home office of an insurance company. A recent 
installation of this character embodied 50 stations placed at 
strategic locations in various departments throughout the build- 
ing, connected to a central station by double lines of 4-in. X 7-in. 
pneumatic tubes. 

The product of the clerical division of a life-insurance company 
is its policies, papers, communications, and interdepartmental 
correspondence. Expediting the production of these papers in an 
insurance company is just as important as production in any 
. manufacturing plant; in fact, the issuance and delivery of the 
policy to the insured without delay is vital. 

This application of pneumatic transmission provides an ex- 
cellent example of where the commodity carried has influenced the 
design not only of the container but of the tube itself. Insur- 
ance papers, policies, etc. must not be creased in handling, so an 
oval tube was found to be essential. The use of oval tubes 
necessitates for proper installation two kinds of terminal design, 
namely, flat and edge, depending on how the tube enters the 
substation. 

The average length of the 4in. X 7-in. carrier used by in- 
surance companies is 14 in., and the average velocity through 
the tube is 30 ft. per sec. An analysis of a recent installation 
proved that a messenger force of at least 100 boys could not 
provide the service rendered by the pneumatic-tube installation 
of 50 stations. This calculation did not take into account the 


The application of pneumatic tubes in banks with the use of 
3-in. X 6-in., 4in., and 1'/,-in. systems which eliminate the 
hazards in handling securities between the tellers and the vault; 
which provide rapid and safe means of transferring collections, 
deposits, and pass books from the tellers to the proof cage, 
transit, and clearing-house departments; and the almost instan- 
taneous dispatch and return of the doubtful check between the 
teller and bookkeeper provided by the 1'/:-in. pneumatic tube, 
represents an application in which enormous sums are invested 
annually by financial institutions. 

Likewise, in the operation of the larger hotels a pneumatic- 
tube system links the floor clerks with the front office; the 
porter’s desk with the front office; the cashier with the dining- 
room service, kitchen, and pantry departments; and the front 
office with the telegraph office, linen room, housekeeper, and 
various other departments. Tubes have become as necessary 
a feature in the construction and planning of the modern hotel 
as telephone service. 

Newspaper offices, competing for last-minute news items, 
have grasped the pneumatic-tube system to assist in satisfying 
public demand for the latest edition. Tubes between the edi- 
torial rooms and the linotype department, and from the want- 
ad. department to the composing room, have proved indis- 
pensable. . 

Hospitals with their ever-increasing area of building operation 
bring the dispensary in immediate contact with all wards and 
floors by means of tubes. Record charts of patients, files, pre- 
scriptions, diet notations, are rushed quietly to every department 
of the hospital by pneumatic transmission. 

As if the applications on land were not sufficient, pneumatic 
tubes form a very important part of the communication service 
on board battleships. Duplicate systems of tubes on the port 
and starboard sides of the ship provide almost instantaneous 
communication of the written message between the auxiliary 
radio room and the main radio room, the conning tower, the 
flag officer’s battle station, and the executive officer’s station. 

Each year new and unexpected applications of pneumatic 
transmission are brought forward as industry continues to ap- 
praise higher and higher the element of time. 

It is not claimed that pneumatic tubes will solve all the prob- 
lems nor eliminate man power from the work of moving mer- 
chandise and its attendant papers in a plant. With the cur- 
tailment of immigration and the resultant shortage of unskilled 
labor, however, it is the belief of the pneumatic-tube craft that 
its field of service is limited only by the imagination or lack of 
imagination of the industrial-plant manager. 

The scope of the application of pneumatic tubes is unlimited; 


time of travel of the messenger except that consumed in waiting its service value in speeding production is not yet determined fs 
for and traveling by elevator. and can hardly be visualized. Its forte is the acceleration of 4 

A properly designed pneumatic-tube system is exceedingly plant communications and production, with their consequent i 
flexible, and its applications are so numerous that it is well-nigh economic savings. Pneumatic-tube service is the embodiment ¥ 
impossible to discuss in detail the varied and widespread uses. of speed, constant availability, and accuracy. fa 
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Progress in Oil- and Gas-Power Engineering 


Contributed by the Oil and Gas Power Division 


Executive Committee: E. J. Kates, Chairman, L. H. Morrison, Secretary, L. M. Goldsmith, 
H. A. Pratt, and Harte Cooke 


EVELOPMENT in particular types of prime movers like 
1B) oil and gas engines may be conveniently grouped in 
two phases: applications and technology. The new 
uses to which motors of this type are put give a good general 
indication of their commercial status and permit of estimating at 
fairly close range how great a factor they are likely to become in 
American industrial life. Technical advances in their design and 
operation are admittedly a step further removed from the world 
of commercial realities, but the laboratory specimens of today 
frequently become the commercial articles of tomorrow. 


Economic SURVEY 


Stimulated by a notable drop in the price per horsepower, 
general Diesel-engine sales, according to the most recent biennial 
census, have shown a marked tendency to increase. The enumer- 
ation for 1921 shows only 330 oil engines aggregating 89,039 hp., 
whereas in 1925 the American output had risen to 4101 engines 
totaling 409,390 hp. The 1921 census assigns $93 as the average 
value per horsepower, a figure which fell to $68 in 1923 and to 
$54 in 1925. A recent unconfirmed report states that during the 
summer of 1928, engines of a high-grade standard make were 
sold by the manufacturer at $45 per hp. 

The strong recent trend toward the manufacture of small-unit 
Diesel engines is supported by the census, according to which 
45 per cent of the engine output for 1925 was rated at less than 
50 hp. per unit. In 1923, on the other hand, engines from 100 
to 500 hp. were in the lead, with units from 50 to 100 hp. a close 
second. 

Marine engines of all types for power-driven vessels under 
construction on January 1, 1928, show a decrease, as compared 
with the corresponding figure for January 1 of the preceding year, 
from 162,640 hp. to 99,200 hp. To what extent, if any, Diesel- 
engine construction participated in this sharp decline is difficult 
to judge, in view of the fact that a large number of installations 
are made in boats too small to be officially recorded. General 
indications are that yacht, tugboat, and workboat construction 
continues active, and that Diesel engines of moderate average 
size are being used. 

There is a marked contrast between the development of the 
American marine Diesel engine and the European. Of the total 
tonnage delivered by American shipyards in 1926* only 15 per 
cent were Diesel-driven, and in 1927 this proportion increased by 
0.5 to 15.5 per cent. The same two years show an increase from 
30 per cent to 45 per cent in the proportion of American steam 
vessels to the total of American vessels constructed. In the 
world at large, on the other hand, the year ended in March, 1927, 
showed steam construction of 919,000 hp., substantially equal to 
motor construction of 918,000, while in March, 1928, the world’s 
motor-vessel output had risen to 1,333,000 hp. and its steamship 
construction had fallen to 807,000.‘ 

By all odds the greatest American user of marine Diesel engines 
is the United States Government with its fleet of 125 submarines 
aggregating 155,040 hp.’ Great Britain possesses only 61 sub- 
marines, with oil engines aggregating only 92,400 hp. 


1 References in the text are to the Bibliography given at the end of 
report. 


The most recent announcement concerning the United States 
Shipping Board conversion program mentions eight Diesel en- 
gines close to 4000 hp. each, as listed in the following table: 


Vessel Engine builder Hp. Type 


McIntosh & Seymour 3900 4-cycle D.A. 5-cyl. 


City of Elwood. i Busch-Sulzer Bros. } 
ae { Diesel Engine Co. 
New Orleans... { Hooven, Owens, 

Rentschler Co. 
Jeff Davis..... Worthington 
{ & Mach. Corp. 


3950 2-cycle D.A. 6-cyl. 
4000 2-cycle D.A. 4-cyl. 


3625 2-cycle D.A. 4-cyl. 


What promises to be a really significant innovation in naval 
engineering is the use of Diesel engines as cruising power for large 
war vessels. Although official confirmation is lacking, the 
British mine layer Adventure with 40,000 s.hp. in steam turbines 
will be fitted with Diesel engines for operation at cruising speed. 
The same applies to the 65,000-s.hp. battleship Kénigsberg of 
the German navy. The advantage of using Diesel engines for 
this purpose was recognized many years ago, but the present year 
gives the first indication of real activity in this direction. 


APPLICATIONS OF THE DiEsEL ENGINE 


The use of Diesel engines for marine propulsion is likely to 
result in an upward revision in the speed of cargo vessels. No 
less than 20 motorships with sufficient power and speed to 
justify the accommodation of passengers are being commissioned 
for service between European and Californian ports (British 
Motor Ship, vol. 9, no. 102, Sept., 1928, pp. 203-204). Their 
speed ranges from 13'/; to 14!/, knots, which represents a sub- 
stantial increase over the conventional 11 knots, or “economical 
speed” of the steam freighter. Recently the construction of 
16-knot 10,000-ton ‘‘cargo liners’? with Diesel propulsion was 
made the basis for the opinion that the economical limit of speed 
for the freight-carrying motor vessel has not yet been reached. 

Reasons for the progress of the high-speed motor freighter are 
found in the fact that Diesel machinery is not subject to those 
specific limitations which have kept the speed of the steam 
freighter stationary at 11 knots during recent decades. Increase 
in the size of the steam power plant to give a speed exceeding 11 
knots is out of proportion to the added advantage. On the other 
hand, the 11-knot Diesel power plant is of smaller size to begin 
with than the corresponding reciprocating steam plant. It can 
therefore be enlarged, with attendant increase in speed beyond 
11 knots, while the well-known fuel economy of the Diesel engine 
permits still further increases before operating costs begin to 
balance the benefits of increased speed. The latter include 
about a 12,000-mile yearly increase in mileage. It is estimated 
that world motor-vessel construction averaging between 11'/; 
and 12 knots exceeds 10'/,-knot steamer tonnage by 33 per cent. 
But if added carrying capacity based on greater speed is allowed 
for, the balance in favor of the motorship exceeds 40 per cent. 
There are strong indications that the use of Diesel engines for 
marine propulsion will bring about an organic structural change 
in the merchant shipping of the world. 

In the application of double-acting Diesel engines to marine 
propulsion the most noteworthy innovation appears to consist 
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in the use of speed-reducing gears between the engine couplings 
and the propeller shafts.6 The 16,000-ton twin-screw passenger 
motorships Milwaukee and St. Louis under construction in a 
German shipyard are being fitted with four double-acting two- 
cycle M.A.N. Diesel engines of 12,600 hp. per vessel. To each 
propeller shaft turning at 110 r.p.m. are connected two Diesel 
engines of approximately 3200 hp. by means of gearing, the 
normal speed of the motors being 215 r.p.m. Because of their 
high speed the engines alone weigh only 600 metric tons per 
vessel; as additional advantages are claimed the fact that the 
space requirements are greatly reduced and that the low head- 
room needed for the engines permits of giving the upper decks 
of the ship an unusually favorable arrangement. 

The use of Diesel engines for automotive service appears to 
be marking time, particularly in the United States. There is 
“one manufacturer who has acquired a building license for an 
automotive-type Diesel engine, but instead of attempting to 
market the engine for use in trucks and omnibuses, he has semi- 
officially waived interest in these prospects and is marketing it 
for other applications. At least three prominent foreign builds 
of automobile trucks propelled by Diesel engines have recently 
been demonstrated in America, all without producing a single 
commercial result. Indifference to this apparently promising 
development is ascribed to a number of factors. So far the 
automotive Diesel engine has offered the truck and omnibus 
operator a solution for only one of his problems, and that is 
fuel cost. His large-scale operations generally enable him to 
buy gasoline at wholesale prices, which are estimated to be 
from 8 to 12 cents higher per gallon than the cost of Diesel fuel 
of a suitable grade. There is every prospect that the automotive 
market for Diesel engines will remain passive until some more 
radical changes are brought into view. : 


Rattway SERVICE 


American rail cars numbering 143 units ordered since October 
1, 1927, have been exclusively of the gasoline-electric type, 
according to a compilation kindly submitted to the Progress 
Committee by Marion B. Richardson, Secretary of the Railroad 
Division. One Diesel-electric locomotive of moderate power 
has been completed by the Baldwin Locomotive Works within 
this period, while the Ingersoll-Rand and General Electric Com- 
panies have cooperated with the American Locomotive Company 
in the construction of a total of 35 units to date, aggregating 
somewhat more than 10,000 hp. At the date of writing this 
report three or four of the locomotives are still under construc- 
tion, but their delivery is expected shortly. 

The application of oil engines to railway propulsion is still 
outstandingly characterized by the use of the electric drive, which 
requires that the capacity of the locomotive must be accounted 
for three times: in the prime mover, in the generator, and in the 
motors. Partly as the result of this there appears to be difficulty 
in reducing the weights of the units to figures capable of being 
reconciled with main-line railroading requirements. High first 
cost has also been a deterrent to the wider application of these 
units. According to Mr. Richardson, a Pacific-type locomotive 
developing 2900 hp. will cost not over $75,000, or $30 per hp., 
whereas until recently Diesel-electric locomotives of 800 hp. have 
been quoted at $160,000, or $200 per hp. Although this price 
differential of approximately 7:1 can be amortized by savings 
in fuel and increased availability, it is an item that cannot be 
disregarded in attempting to account for the slow progress of 
the Diesel locomotive in the United States. 

Friction-clutch and hydraulic-gear transmissions as an alterna- 
tive for electric drive on large units do not appear to have re- 
ceived commercial consideration in America, notwithstanding 
the fact that they appear to offer about the only possibility for 


relieving weight and cost difficulties. Lomonossoff states that 
a geared Diesel locomotive is 30 per cent less costly than one with 
electric drive, and, under European conditions, costs only 50 per 
cent more than an equivalent steam locomotive. In a compara- 
tive test made on the Russian National Railways between two 
equivalent locomotives, one with clutch-and-gear transmission 
and the other with electric drive,’ it was shown that the former 
had a 10 per cent lower fuel consumption and performed 5 per 
cent more work. 

One objection urged against mechanical transmissions with 
friction clutches is that they do not permit of starting a heavy 
train as smoothly as electric or hydraulic transmissions do. An 
explanation for this might be found in the somewhat abrupt 
transition between the dynamic and static coefficients of friction 
between the clutch elements. Up to the moment when the 
clutch begins to “take hold’’ the dynamic coefficient applies. 
and immediately thereafter a static coefficient of considerably 
higher value replaces it. Jerky starts are reported, with at- 
tendant damage to draft gear and rolling stock. 

For the present it appears as though the hydraulic transmission 
is “out of the picture.” It is necessary to distinguish here 
between the ordinary form of transmission involving the use of 
a variable-capacity pump with constant-displacement hydraulic 
motor (Lentz), and the differential hydraulic gear devised by 
Heinrich Schneider.* If it were not for the latter, it might be 
said that the low efficiency, heating, and limitation to low ca- 
pacity would account sufficiently for the present neglect of the 
hydraulic principle. In the Schneider differential hydraulic 
gear, however, these drawbacks are not present. In “full gear’ 
this transmission does not depend upon the flow of liquid, as the 
displacing members are locked against a static pressure and the 
drive to the locomotive axles takes place without pumping oil 
under pressure and the hydraulic losses incident thereto. The 
efficiency of the Schneider gear therefore reaches its maximum at 
full speed (above 92 per cent), while its efficiency is still com- 
parable with that of the Lentz gear while working at high torque 
and low speed. As the Schneider gear is not subject to heating 
on account of hydraulic friction losses at full speed, there is no 
tendency to vaporize the oil and cause “gas binding,” a difficulty 
which is reported to limit the Lentz gear to a capacity of about 
300 hp. On a purely technical basis it is therefore impossible 
to account for the present neglect of non-electrical transmissions 
in general and the differential-hydraulic gear in particular. At 
the same time the electric drive appears to have reached a stage 
beyond which little progress is in sight at this writing. 

The Kitson-Still oil-steam locomotive” has made _ several 
trial runs while pulling trains of cars weighing up to 118 tons. 
The compressed-air-transmission Esslingen Machine Works 
locomotive powered with a 450-r.p.m. 6-cylinder M.A.N. engine 
is still reported as incompleted.” 

A really new application of the Diesel engine that is command- 
ing widespread interest is found in the Stinson-Detroiter mono- 
plane flown on September 19, 1928, with a 200-hp. 1800-r.p.m. 
9-cylinder radial air-cooled airless-injection motor for the design 
of which Prof. Hermann Dorner is said to be mainly responsible." 
The technical features which have apparently lifted this machine 
out of the general run of high-speed Diesel engines and made 
possible its use for aeronautical purposes are treated later in 
a section of this report. The engine was built by the Pack- 
ard Motor Car Company, whose aeronautical engineer, Col. 
L. M. Woolson, is said to share the credit for the development 
with Professor Dorner. 

Although there seems to be no marked trend in the United 
States toward the use of Diesel engines for agricultural tractors, 
heavy excavating machinery continues to be powered with this 
type of motor."* As the latest striking example of this may be 
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mentioned a Marion Steam Shovel Co. excavator driven with the 
help of electric transmission by an 180-hp. Winton Diesel engine. 

The second double-acting engine of American design has been 
tested at the plant of the Sun Shipbuilding & Dry Dock 
Co.*2.23.24 Jt was built under patents originally granted to H. 
R. Setz, deceased, and is characterized mainly by novelties in 
the construction of the cylinders and framework and by a method 
of scavenging that depends on the use of individual automatic 
valve groups placed directly before each cylinder port. In 
view of the satisfactory results obtained from the first 3-cylinder 
engine of 16 in. X 22 in. bore and stroke, developing 690 b.hp. 
at 180 r.p.m., designs for larger units have been laid down. 


CompETITIVE STEAM PowER 


There are three developments in steam-power engineering 
which are considered as possibilities for reducing the Diesel 
engine’s competitive margin of economy. They are the Bauer- 
Wach exhaust-steam turbine,'* the Caprotti valve gear, and 
the internal-combustion boiler.“ The economy of triple-ex- 
pansion marine steam engines has been put on a basis thoroughly 
competitive with many Diesel installations by passing the steam 
from the lL.p. cylinder through a low-pressure turbine attached 
by means of gearing and a Féttinger hydraulic clutch to the pro- 
peller shaft. In the case of the Steamer Boniface thus equipped 
the water rate at 300 i.hp. was reduced from 14.22 lb. to 10.75, 
while a mean fuel-consumption rate of 1.5 lb. of coal per i.hp-hr. 
was recorded. The outstanding feature of the Caprotti valve 
gear as applied both to marine and locomotive engines is found 
in the use of poppet valves and a simplified valve gear for actu- 
ating them, the combination making possible cut-off regulation 
at full steam pressure and the adjustment of inlet and exhaust 
events independently of each other. Notable reductions in the 
fuel consumption of steam locomotives are credited to the ar- 
rangement. Finally the internal-combustion boiler as fired with 
gas fuel has developed boiler efficiencies well above 95 per cent. 
Should it be possible to extend this development in such a way 
that fuel oil could be used in the boiler, it might ultimately have 
an important bearing on the economy of non-condensing steam 
engines such as are a part of every reciprocating steam locomotive. 
Its importance is considered to be less from the point of view of 
condensing steam plants, as the presence of appreciable quan- 
tities of gas in the condensate obviously interferes with the 
maintenance of a suitable vacuum. 

Increases in the efficiency of more standard forms of marine 
power plants typified by the Parsons high-pressure steam turbine 
(The Engineer, Sept. 17, 1926, p. 296) as installed on the 8.S. King 
George V and in the Beaver type of Canadian Pacific ships have 
not as yet demonstrated their ability to make serious competition 
for the motorship. Two and a half years ago Sir John Biles 
(Shipbuilding and Shipping Record, April 2, 1925) gave forcible 
expression to the hopes of the steamship builders of the world by 
dwelling on the progress in steam engineering which the develop- 
ment of the Diesel engine had stimulated, intimating that the 
ascendancy of the Diesel engine would be only temporary. Since 
that time, as pointed out in an earlier paragraph of this report, 
steamship construction has been outstripped by motor-vessel 
building, and the possibilities of a reversion to the steamship’s 
old predominance are not considered imminent. 


TECHNOLOGY AND RESEARCH 


Advances in Diesel-engine technology now appear to be center- 
ing largely about the control of combustion, in view of the gener- 
ally accepted fact that advanced methods of design and manu- 
facture have conquered specifically mechanical problems, such, 
for instance, as bearing maintenance. Nearly all components 
of the Diesel engine outside of the combustion space have been 
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perfected to an apparently satisfactory degree as the result of 
advances in general mechanical technology characteristic of the 
age in which we live. Whatever residuum of general mechanical 
problems may still remain appear to be dwarfed in comparison 
with the difficulties still experienced in bringing about the ideal 
chemical combination of oxygen and fuel in the combustion 
space of the Diesel engine. As exceptions to this generalization 
may be mentioned the fuel pump and the high-speed engine 
piston, but they are not considered to present problems equal in 
importance to those of combustion. 

If this view is accepted, the most encouraging report on the 
technological development of the Diesel engine in America is 
the one prepared for the O.G.P. Progress Committee by Wm. F. 
Joachim, senior mechanical engineer of the Langley Field Labora- 
tory of the National Advisory Committee for Aeronautics, under 
the authorization courteously extended by G. W. Lewis, Director 
of Aeronautical Research. Mr. Joachim’s statement merits 
verbatim quotation: 


A considerable amount of additional theoretical and experimental 
research on the aircraft oil engine is in progress at the Langley Field 
Laboratory of the National Advisory Committee for Aeronautics. 
The work includes investigations on oil sprays with the N.A.C.A. 
spray-photography equipment; complete fundamental physical and 
thermodynamic analyses of the major factors controlling the hydrau- 
lics of injection systems, ideal oil-engine-cycle efficiencies, oil-spray 
and cylinder-air mixing rates, and combustion; and engine tests 
with precombustion and integral-type combustion-chamber cylinder 
heads. 

The spray-photography equipment has been used to determine 
the velocities of hydraulic pressure waves in an injection system 
operating at high speed. Various lengths and bores of injection 
tubes, initial injection-tube pressures up to 5000 lb. per sq. in., in- 
jection pressures up to 10,000 lb. per sq. in., and injection-valve 
opening pressures up to 5000 lb. per sq. in. were investigated. The 
important effects of air turbulence on the penetration of oil sprays 
with time and on other characteristics were also studied. Design 
work is under way to facilitate studies of the independent effects of 
pressure, temperature, air turbulence, and gas dilution on the ignition 
and combustion of oil sprays with this equipment. 

The largest advance in engine performance this past year has been a 
radical lowering of the maximum cylinder pressures. A N.A.C.A. 
single-cylinder Universal test engine, with a standard Liberty air- 
craft-engine piston, connecting rod, valves, and other parts has been 
successfully operated as an oil engine at speeds up to 2400 r.p.m. 
with good performance. Extended tests at 1500 r.p.m. have been 
made, the b.m.e.p. with no excess air being 110 lb. per sq. in. with a 
brake fuel consumption of 0.50 lb. At this same engine speed and 
38 per cent excess air, the b.m.e.p. is 96 lb. per sq. in. with a brake 
fuel consumption of 0.44 lb. The cylinder pressures were 675 and 
700 lb. per sq. in., and the corrected mechanical efficiencies 85 and 
83 per cent, respectively. 


Pennsylvania State College reports progress in the preparation 
of its laboratory devoted to oil-engine spray research, although 
it is too early yet to look for results. 


CompBusTION RESEARCH 


The quantity of fundamental research on oil sprays and com- 
bustion that is going on in Germany is several times as important 
and voluminous as that carried out in most other countries. 
What promises to be the starting point for an entirely new 
technology of Diesel combustion is the study of Dr. Sass’* on 
“Ignition and Combustion Processes in Diesel Engines,’’!” which 
establishes (a) that the liquid droplets of fuel sprayed into the 
combustion space of a Diesel engine ignite directly without being 
previously vaporized, and (b) that the oxidation of the fuel into 
CO, and water is preceded by the formation of a large number of 
oxygen compounds which are stable only over limited ranges of 
temperature and pressure and whose break-up constitutes the 
combustion process proper. It is expected that the realization of 
these facts will have an important bearing on matters of urgent 
practical import, such, for instance, as the behavior of various 
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types of fuels in precombustion-chamber engines and the possi- 
bility of standardizing fuel specifications. 

Additional data on fuel combustion are reported in connection 
with the determination of the effect of oxygen concentration on 
the ignition of liquid fuels.'* It is reliably indicated that the 
more complex hydrocarbons have ignition points that vary 
with oxygen concentration according to laws different from those 
which determine the variation of ignition points in the simpler 
compounds. 

Considerations involved in the substitution of constant- 
volume for constant-pressure combustion in Diesel engines of the 
automotive type are analyzed by Professor Neumann, who 
reaches conclusions apparently favorable to constant-volume 
combustion. Although the greater part of his analysis is mathe- 
matical, he includes in it an exhaustive test of an automotive 
engine with plain combustion space designed by Prof. Hermann 
Dorner, an engineer who is reliably reported to have designed 
the nine-cylinder air-cooled radial aeronautic Diesel engine of the 
Packard Motor Car Company flown on Sept. 19, 1928.1 The 
Dorner engine tested by Professor Neumann corroborates the 
mathematical deductions applying to the non-conducting engine 
with constant-volume combustion. Actual test results show the 
attainment of 99.5 lb. b.m.e.p. at 1000 r.p.m. with an excess-air 
coefficient of only 1.21 and an exhaust temperature of 1056 deg. 
fahr. 

It is stated that the results from this constant-volume airless- 
injection high-speed automotive Diesel engine are in all respects 
comparable with those obtained from a standard air-injection 
machine of conventional stationary design. As an additional 
phenomenon of cardinal importance for high-speed work atten- 
tion is called to the results of the variable-speed tests, which 
indicate that up to a certain speed the air volume effectively 
participating in combustion increases, despite the falling-off in 
volumetric efficiency. The improvement is ascribed to the added 
turbulence of the air charge that results from its introduction 
into the cylinder at higher velocity. 

Whereas the foregoing applies to high-speed Diesel engines 
with open combustion spaces, equally startling results are re- 
ported for machines of the precombustion-chamber type.” 
According to Professor Neumann, precombustion takes place 
in the chamber with a considerable excess of air, notwithstanding 
the fact that until then scientific opinion had been unanimous 
in regarding the preliminary combustion as being air-starved on 
account of waste gases having remained in the chamber from the 
preceding combustion. Calculations have been made to show 
what the rate of air inflow to the chamber is at the moment of 
injection, while the rate of travel of the fuel spray through the 
chamber and the neck is such as to leave less fuel in the chamber 
than can be consumed by the available air. With a speed of 
520 ft. per sec. calculated for the spray, the time available for 
combustion within the chamber of the engine under test is stated 
to be only 7 X 10~ sec., alleged to be only '/,0 as long as would 
be necessary for ignition. Such combustion as does take place 
is ascribed to the fringes of the spray, which are regarded as not 
passing through the neck and which bear the ratio of 1:1.46 to the 
available air. A general conclusion reached in regard to the 
precombustion-chamber engine is that it is advantageous for 
high-speed Diesel-engine work because it affords the means 
(high temperature of the chamber walls) for rapidly heating the 
atomized fuel and for subjecting it to energetic turbulence. 


Tue Coat-Dust ENGINE 


The coal-dust Diesel engine now seems to be a reality.*! A 
single-cylinder air-injection engine has been operated regularly 
for 12 years on powdered coal from Upper and Lower Silesia, also 
on lignite coal dust from central Germany, Silesia, and Bohemia; 


finally on wood grindings, charcoal dust, rice-hull dust, and even 
with the dust of metallurgical coke. The machine is rated at 
80 hp. with 160 r.p.m., and has bore-and-stroke dimensions of 
16.54 X 24.8in. It is regularly used for driving a machine shop 
of moderate size. The exact method by which the coal dust is 
fed into the cylinder is not disclosed,** the only statements pub- 
lished in regard thereto being that the governor controls the 
quantity and that either injection air or a pressure wave due to 
precombustion in the coal-storage antechamber serves to inject 
the dust. Reproductions of indicator diagrams having a definite 
and well-defined shape are published. 


Gas-ENGINE PROGRESS 


A notable development in the gas-engine field is reported to 
the Committee by G. W. Struble, vice-president of the Bethlehem 
Steel Company, who mentions two 47-in.-84-in. X 60-in. gas 
blowing engines embodying the Bethlehem scavenging and super- 
charging system. Each is rated to deliver 5400 b.hp. at 80 r.p.m. 
and has been in operation since January, 1928. In addition five 
single-crank gas-driven blowers of the same cylinder size aggre- 
gating 13,500 b.hp. are under construction with the same features 
as the 5400-b.hp. units. 

The Bessemer Gas Engine Company reports a “gas econo- 
mizer” which embodies a system equivalent to supercharging a 
two-cycle gas engine by means of natural gas under a pressure 
which is varied with the load from about 7 to 15 lb. per sq. in. 
Apparently the displacement of exhaust gases from the working 
cylinder is accomplished by fresh air rather than by mixture, 
whereupon a mechanically operated valve admits a charge of gas 
during the compression stroke before enough compression pressure 
has been built up to oppose it. 

Gas engines for lighter-than-air craft have been brought into 
prominence by the flight of the dirigible Graf Zeppelin, which is 
propelled by five Maybach engines consuming what is known as 
“Blau gas.”” Whereas engines operating on gas fuel do not come 
into immediate question for the propulsion of airplanes, they are 
likely to achieve importance for dirigible work on account of 
some special aeronautical considerations which are involved. 
When liquid fuels are employed, the buoyancy and often the 
trim of the vessel is apt to be changed as the supplies of fuel are 
consumed, while corresponding amounts of hydrogen, or the 
much more valuable helium, must be valved. On dirigibles with 
liquid-fuel motors it is therefore proposed to condense the water 
vapor in the exhaust and to retain the water vapor aboard the 
ship in order to avoid waste of lifting gas. The extra weight and 
equipment of the condensing equipment is, of course, objection- 
able. But when engines running on Blau gas are used no buoy- 
ancy correction is required, for the reason that this fuel gas has 
a specific gravity of approximately 1.08 compared to air, and as 
the space occupied by it becomes filled with air the buoyancy and 
trim of the ship are not affected seriously. Blau gas is obtained 
from petroleum by what may be termed a cracking process not 
unlike that used in the manufacture of Pintsch gas. Similar fuel 
possessing adequate calorific value and suitable specific gravity is 
also obtainable partly from natural wells in the United States. 


CONCLUSION 


The foregoing report is considered to offer a basis for the general 
opinion that the commercial development of the oil engine in 
America is proceeding at a rate not markedly different from that 
of previous years. Research activity by the N.A.C.A. is well up 
to the standards both for quality and quantity that can be fairly 
set for any single agency, but outside of this there is little to 
report in the way of research progress on American soil. The 
inference is not that American engineers are any less able than 
their European colleagues, but that the unprecedented prosperity 
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of industry probably takes away some of the incentive for de- 
veloping a product which has economy as its major justification. 
lt is therefore not improbable that features other than economy 
which make the Diesel engine sought after, such as reduction of 
fire risk in aircraft and an increase in aeronautic cruising radius, 
will shortly provide the stimulus which the European finds pri- 
marily in more stringent economic conditions. 
Junius Kuttrner, Chairman, 
Progress Report Committee, Oil and Gas Power Division. 
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Discussion 


HeErnricu ScHNEIDER.2 With the name, oil-electric locomo- 
tive, all possibilities relating to the application of Diesel engines 
for locomotive drive now appear to be covered so far as the 
United States is concerned. Electric drive has not only cir- 
cumvented the difficulty which the problems of mechanical 
transmission present in this field of application, but has also 
led to the neglect of promising development possibilities which 
are afforded by other forms of transmission. The fact that 
American railroads have been forced to go to Germany to obtain 
a mechanical-transmission Diesel locomotive clearly illuminates 
the situation. 

In Europe, experimental Diesel locomotives with the most 
diverse possible forms of transmission have been built. Not- 
withstanding an even less prosperous business status of the 
locomotive industry abroad, a lively competitive contest is now 
centering there about a Diesel locomotive which shall not 
merely be fit for service, but which shall at least present the possi- 
bility of becoming competitive, so far as price and capacity are 
concerned, with steam units. 

There was never any doubt that the electric transmission 
would work on Diesel locomotives; on the other hand, all hopes 
for reducing the prices and weights of oil-electric locomotives 
remain unfulfilled and there is little prospect of this for the 
future. As the result of this, not only does the market for the 
Diesel locomotive remain limited, but also the capacity of the 
locomotives, mainly because of their enormous weights. A suc- 
cessful step toward the reduction of weight and price has been 
made by Krupp of Essen by the use of a mechanical-gear trans- 
mission. This represents a new step toward the solution of the 
transmission problem, especially in so far as a hydraulic main 
coupling has been used in the latest models as a substitute for 
the magnetic coupling formerly applied. Unfortunately, this 
transmission still suffers from the drawback of step-wise change 
in drive ratio and is incapable of transmitting the same amount of 
power as that of steam locomotives. 

From the Krupp transmission, only a small step is required to 
the transmission with continuous ratio variation and with a 
hydraulic positive-starting coupling and hydraulic booster, which 
renders possible by hydraulic means the stepless variation in 
torque and speed within desired limits. A transmission of this 
kind was developed three years ago by the Swiss Locomotive 
Works and was built to a capacity of 500 hp. with complete 
success. (See Oil Engine Power, Oct., 1925; Railway Mechanical 
Engineer, July, 1925; The Engineer, London, July 24, 1925; 
Verein deutscher Ingenieure, April, 1925; Mechanical Engineer- 
ing, A. Lipetz, Aug., 1926.) 

This transmission contains no mechanical coupling and oper- 
ates with direct drive due to a positive hydraulic lock in which 
the moving parts are held without hydraulic energy transforma- 
tions during the greater part of the locomotive’s time in service. 
It has an efficiency varying from 92 to 95 per cent and when 
arranged for speed-ratio variation covering from 15 to 60 m.p.h., 
while the efficiency varies between 87 and 90 per cent. 
~~? Engineer, Fairbanks-Morse & Co., Chicago, IIl. 
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Diesel locomotives with this form of booster transmission 
have capacities from 750 to 1200 hp., weighing from 55 to 65 per 
cent as much as oil-electric locomotives, and may be constructed 
at a cost varying between 60 to 70 per cent of the expense for 
building an oil-electric locomotive for the same tractive effort 
and capacity. 

The high efficiency of the booster transmission is reflected in 
these figures. Moreover, this transmission makes it possible to 
build locomotives equivalent in capacity to those of the very 
largest steam locomotives. The greater the capacity, the more 
the advantages of this form of transmission become apparent. 
The size of the parts entering into the construction becomes han- 
dier and the efficiency higher. As far as price and weight are 
concerned, an oil-engine locomotive with this transmission is 
fully comparable with a direct-drive Diesel locomotive, but in 
comparison with the latter, it possesses the advantage of step- 
less turning moment variation as well as the possibility of using 
high-speed Diesel engines of low weight. 

It is hardly necessary to mention that the booster transmission 
may be applied to railroad cars with similar advantages. 

It is not surprising that American locomotive builders are 
taking a waiting attitude toward the development of the Diesel 
locomotive and the solution of the transmission problem. The 
fact that firms engaged in the construction of steam locomotives 
have been at work on them for practically a century has es- 
tranged these firms from the developments taking place in other 
fields. The manufacture of Diesel engines as well as transmis- 
sions is too far at variance with their manufacturing methods. 
Moreover, the business activities of locomotive builders have 
during the last few years been taken up with the development of 
far-reaching innovations. 

The transformation of tractive power from steam to Diesel is a 
matter which interests Diesel-engine builders a good deal more 
intimately. It is also necessary to realize clearly that in Europe 
the initiative for the development of the Diesel locomotive 
did not come from the locomotive builders but from the Diesel- 
engine manufacturers. At the same time, the development was 
supported and encouraged by the railroads. 


F. Joacnaim.* While further important advances 
have been made in the technique of combustion and fuel-injection 
control since the brief résumé of the committee’s work for the 
past year was prepared for the Oil and Gas Power Progress 
Report, I prefer to present the results and general significance 
of the methods involved in a future report and to confine myself 
to a brief discussion of the first conclusion (a) arrived at by 
Dr. F. Sass in his paper, “Ignition and Combustion Processes 
in Diesel Engines.” 

The general conclusion referred to is given in the Oil and Gas 
Power Report as follows: “‘.... the liquid droplets of fuel sprayed 
into the combustion space of a Diesel engine ignite directly 
without being previously vaporized.”’ 

I regret I cannot concur with Dr. Sass in his opinion. I 
believe that neither ignition nor combustion of the injected fuel- 
oil particles themselves can ever occur in a Diesel or oil engine; 
that ignition and combustion occur only after the oil particles 
have been partially heated and partially vaporized; and the oil 
vapor thus formed further heated until its auto-ignition tempera- 
ture has been attained. There are three groups of reasons for 
this statement: the first group are physical reasons, the second 
group are chemical reasons, and the third group of reasons are 
based upon experimental data. 

Let us consider, first, a few of the physical reasons and examine 


3 Senior Mechanical Engineer, National Advisory Committee for 
Aeronautics, Langley Field, Hampton, Va. 


the physical progress and changes taking place during the in- 
jection of fuel oil through a simple, round orifice. 

At any instant during injection, the fuel spray which is being 
formed in the shape of a very much elongated pear consists of 
a liquid core and a sheath of oil particles, which are coarser and 
more densely packed at the liquid core and are finer and more 
widely distributed at the boundary of the spray. Obviously, 
neither ignition nor combustion can occur in the liquid core, which 
has its root in the oil rushing from the orifice itself and which 
diminishes in size as atomization progresses along the axis of the 
spray, because there is no oxygen present to start or support 
combustion. The liquid core of the spray is, therefore, a region 
that may be termed “infinitely rich,” in which no burning 
can taken place because of the absence of oxygen. Conversely, 
the space immediately outside the boundary of the spray is 
completely devoid of oil particles. This space or envelope is, 
therefore, a region that may be termed “‘infinitely lean,” in which 
no burning can take place because of the lack of fuel. Between 
these “‘infinitely rich” and “infinitely lean” regions, the liquid 
core and the boundary of the spray, is a mixture of fuel particles 
and air that is richer near the core and leaner near the boundary. 
Somewhere in this mixture, probably just within the spray 
boundary, the proportion of fuel to air is correct for chemical 
combination and it is in this region that conditions are most 
favorable for ignition and combustion. 

Let us now enlarge our fuel spray a thousand times for con- 
venience in its analysis and consider only a single oil particle 
located, let us say, in the “chemically correct region” within 
the spray. I choose an oil particle in this region, because all 
conditions of heat gain, transfer, and loss are most favorable for 
ignition and combustion. Let us also choose this oil particle in 
the tip of the spray where its velocity is still high, because such a 
particle meets a greater number of hot-gas molecules in unit time 
and has again, therefore, more favorable conditions for ignition 
and combustion. This enlarged fuel-oil particle, which may 
be imagined to appear '/, in. in diameter, is therefore surrounded 
by approximately fifteen times its weight of air. Since for an 
engine operating with a compression ratio of 14 it takes about 
48 cu. ft. of air as compressed at top center to weigh as much 
as 1 cu. ft. of fuel, and 15 times as much air as fuel is required 
by weight for complete combustion, we find that our fuel-oil 
particle is surrounded by air, the volume of which is approxi- 
mately 850 to 1000 times the volume of the oil particle. Thus, 
we have the physical condition of a ball of fuel surrounded by a 
relatively large volume of hot air and travelling at a rate of 
about 350 m.p.h. through the combustion chamber. 

If it can be imagined that no vaporization takes place under 
these conditions, then the region within the boundary of the ball 
of fuel is “infinitely rich,’ and neither ignition nor combustion 
ean occur because of the absence of oxygen. Neither can igni- 
tion nor combustion occur in the surrounding air, because it is 
‘fnfinitely lean,” there being no other fuel in any form present 
in the air reserved for the oil particle under consideration. 

One other physical conception may be considered and elimi- 
nated. Imagine again that no vaporization takes place from the 
particle of fuel being considered and recall that it has the enor- 
mous velocity of 350 or more m.p.h. (500 or more ft. per sec.) 
through the engine cylinder. If it also be imagined that the 
dense, highly heated air is not partly driven ahead of the spray, 
but remains stationary while the oil particle rushes into it, 
which of course is not true, then the number of impacts in 
unit time from the gas molecules at the front of the oil particle 
can be calculated. The value of their individual and total mo- 
mentums can also be calculated and the total heat transfer 
estimated. Still imagining no vaporization to occur, the only 
possibility for ignition and combustion to occur is at or in the 
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front boundary of the oil particle, where the impacts and inertia 
of the gas molecules may be imagined to cause some of the oxygen 
molecules to penetrate the surface of the oil particle. While it 
has not been established that this penetration of the oil par- 
ticle can or cannot actually occur in an engine cylinder, it can 
be shown that it is definitely impossible for a sufficient number 
of oxygen molecules to make contact with or penetrate the enor- 
mously superior number of closely arranged fuel molecules in 
the surface of the oil particle to cause ignition or combustion. 
Those gas molecules that penetrate the surface of the particle, 
if this is at all possible because of the great inferiority of their 
numbers, are therefore literally drowned in the relatively cool 
liquid. Even if all impacts resulted in actual penetration, the 
concentration of oxygen in the liquid surface would be only 
about one-hundredth of that required for combustion. The 
surface of the oil particle is therefore “extremely rich” and in- 
capable of burning. 

The actual effect of these gas-molecule impacts is, of course, 
to retard the velocity of the oil particle and progressively to raise 
its temperature. Now, if it be recalled that all liquid fuels vapor- 
ize continuously in an unsaturated atmosphere, even at ordinary 
pressures and temperatures, we must admit at once that vapori- 
zation of an oil particle begins in an engine cylinder the instant 
it is separated from the liquid core of the spray. In point of 
time, this vaporization actually starts the instant that the tip 
of the spray enters the combustion chamber, is many times 
more vigorous than in ordinary air, and increases rapidly in rate 
and volume as the spray becomes more and more finely atomized 
and travels farther and farther into the dense, highly heated air. 
It is logical to believe, therefore, that the surface of the oil 
particle we have been considering is progressively vaporized, 
first, by the natural vaporization process mentioned above, 
second, by the effect of the 350-m.p.h. dense air blast in dis- 
torting its surface and removing oil vapor already formed, and 
third, in raising its temperature and therefore multiplying the 
activity of the fuel molecules and decreasing its surface tension 
at a rapid rate. The oil particle may be compared, therefore, 
to a meteorite or comet; the oil particle vaporizing progressively 
and becoming smaller during its flight in the combustion chamber 
and leaving behind it a trail of vaporized fuel molecules, as has 
been discussed briefly in a previous paper. 

Upon examination of the possibilities of ignition and com- 
bustion under these conditions, we find that the oil particle itself 
is “infinitely rich,” that the air outside the comet-like tail is 
“infinitely lean,” and that neither ignition nor combustion can 
occur in these regions. As in the case of the fuel spray as a 
whole, however, there is a region, between the fuel particle itself 
and the boundary of the comet-shaped space containing the 
vaporized-oil molecules, where the proportion of fuel molecules 
to air molecules is correct for chemical combination. For a 
short distance on the inside of the chemically correct mixture 
there is a rich mixture, and for a short distance on the outside of 
the chemically correct mixture there is a lean mixture, both of 
which are capable of ignition and supporting combustion. It is 
in this chemical-combining region of fuel and air molecules within 
the nose, body, and tail of the fuel particles’ comet that I believe 
ignition and combustion occur. Combustion then spreads to 
the somewhat leaner and richer mixtures of the fuel comet, as the 
heat from the fuel and air molecules in the chemical-combining 
region becomes great enough, through combustion, to initiate 
and support combustion in these otherwise unfavorable regions. 
It is probable that the combustion that takes place in the richer 
regions in the fuel comet, together with poor mixing of the 
whole fuel charge, is a direct cause of the several chemical trans- 
formations that are known to take place during the combustion 
of at least a part of the fuel charge. 


The chemical reasons for my statement that “ignition and 
combustion occur only after the oil particles have been partially 
heated and partially vaporized and the oil vapor thus formed 
further heated until its auto-ignition temperature has been 
attained,” have been given indirectly in the discussion giving 
the physical reasons. They are: First, the concentration re- 
quirements for the combustion of fuel and air molecules, which 
determine the chemical reaction rates of the combustibles, can- 
not be met without vaporization of the fuel; second, the tem- 
perature of the fuel particle cannot be raised to its auto-ignition 
temperature without vaporizing some of the fuel; and third, 
the thermal activation of the electrons composing the fuel 
molecules is probably insufficient, for the process of actual com- 
bination with the oxygen molecules, until the thermal activation 
is at least sufficient to lower the surface tension of the liquid 
and produce vaporization. 

The experimental data in the world at the present time upon 
which reliable statements can be made regarding the occurrence 
of ignition in an oil engine are extremely meager. For example, 
in order to determine the time interval between the start of 
injection and the ignition, it is necessary to know the crank 
angles at which these events occur and to know the engine 
speed. While the engine speed may be determined with high 
accuracy and the angle at which injection starts in the cylinder 
has recently been determined by the committee with an accuracy 
of one-half a degree of crankshaft rotation, I know of no high- 
speed engine indicator capable of permitting a consistent, accu- 
rate determination of the instant of ignition by analysis of the 
pressure-volume diagram. Even if such information were avail- 
able and the time between the start of injection and the ignition 
could be determined accurately by experimental methods, it 
does not seem plausible to suggest that the ignition originated 
from the first fuel particle that entered the cylinder rather than 
some other particle that might be more favorably located but 
injected at a slightly later crank angle. Again, it would not be 
possible to state from such data whether ignition occurred from 
the fuel particle itself or from its vapor, which was in process of 
formation the instant the particle was formed as discussed. It 
is doubtful if it could be determined whether the fuel particle 
or its vapor was the seat of ignition, even if the spray and com- 
bustion process could be photographed through suitable quartz 
windows, because photomicrography would have to be employed 
under adverse conditions of photography at too great a dis- 
tance. In addition, the flame at any fuel particle would probably 
envelop it comet fashion and so prevent determination of 
whether the particle or its vapor were burning. 

The supposition that the fuel drops must ignite directly from 
the liquid state, based on experimental data on the ignition 
temperatures of gasified and vaporized fuel in comparison with 
the ignition temperatures of fuel droplets as given by Dr. Sass, 
seems convincing in many respects, but apparently does not 
emphasize sufficiently the possibilities accruing from small 
amounts of vaporization, nor take into account the fact that 
the affected surfaces of the fuel particles are subjected to greater 
localized heating than is indicated solely by the calculated 
cylinder air temperatures. This localized heating is brought 
about by conduction to the oil particle from the slightly increased 
density of the hot gas at the front of the particle, and by viscous 
gas friction and an increased number of molecular impacts 
due to the velocity of the particle itself, which produces heat 
similar to that causing combustion of a meteorite in its flight 
through cool air, all of which may increase the amount of vapori- 
zation of an oil particle considerably and thus tend to make 
conclusions drawn from certain experimental data misleading. 

In conclusion it seems that, in the present state of our knowl- 
edge, vaporization must begin the instant the fuel enters the 
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cylinder and, since all the physical and chemical requirements 
for ignition and combustion can be met only after the fuel has 
been partially vaporized, and cannot be met with a gas and a 
liquid fuel, it is believed that ignition and combustion occur in a 
Diesel engine by the process of progressive vaporization, vapor 
superheating, and combustion; the particle diminishing in size 
as it travels comet-like across the combustion chamber. 


Epwarp C. Maapesurcer.‘ In the exceedingly interesting 
and very comprehensive progress report presented by the Chair- 
man, Julius Kuttner, there seem to be missing references to 
considerable progress made in lowering the weight per horse- 
power. Such information is of particular interest for naval 
purposes, as well as for merchant-marine and railroad appli- 
cations. Two 11,700-b.hp., M.A.N., double-acting, two-cycle oil 
engines, using mechanical-fuel injection, have been installed in a 
central station in Berlin with a weight per horsepower (brake) 
of only 55 lb. (Oil Engine Power, Feb., 1928, p. 183). Further- 
more, several American firms (Cummins, Speedway, Treiber, 
Winton) offer engines from 20 to 1000 b.hp. and even larger 
with a weight per horsepower ranging from 20 to 30 lb. 

The increase in the number of builders of high-power double- 
acting engines, mostly for marine propulsion, should have been 
emphasized in the report. The building of two-cycle, double- 
acting engines by Burmeister and Wain and Werkspoor, as well 
as by Deutsche Werke, who are reported to be building the 70,000- 
b.hp. propelling plant for a German battleship, are important 
steps of last year’s progress. 

Furthermore, the dread of destructive torsional-vibration 
critical speeds which have been associated with high-speed and 
high-power engines has been definitely conquered and now long 
ranges of operating speeds are possible without any critical 
speeds to contend with. At least three different solutions have 
become known. A German invention by Sandner is based upon 
hydraulic damping by a very ingenious device in the form of an 
automatic coupling, capable of sliding, which thus destroys the 
vibration energy when passing through a critical speed. The 
“asynchronizer,’’ designed by Dashefsky, an engineer of the 
New York Navy Yard, is based upon adding a stiffening shaft 
which can be introduced into the system at will, thereby creating 
two systems with different frequencies of free vibration and criti- 
cal speeds. Changing over from one to another by means of a 
large clutch, the engine can be operated at all speeds. The writer’s 
vibration eliminator is designed to accomplish the same thing. 


HERMANN Lemp.’ I wish to take exception to the gloomy pic- 
ture painted by Mr. Richardson regarding the great first-cost 
differential existing between steam locomotives and oil-electric 
locomotives. This differential is given as 7:1 in favor of the 
steam locomotive. Careful analysis of this statement shows 
that this differential is very much lower. In the first place, 
a Pacific type locomotive of 2900 hp. costing $75,000 or $30 per 
horsepower could not do the work of an oil-electric locomotive 
of the same horsepower. 

It would require at least two steam locomotives to do the work 
of one oil-electric locomotive, the latter being good for twenty- 
four-hour service, the former at its very best only for twelve- 
hour service. Hence, the cost of the steam locomotive for equiva- 
lent service will be $60 per horsepower. 

Considerable progress in the manufacture of oil-electric loco- 
motives has been made and today a price of $115 per horsepower 
for larger units of 1600 hp. or more under mass production on a 
quantity purchase basis is a certainty. 


4 Aide on Diesel Engines, Bureau of Engineering, Navy Depart- 
ment, Washington,”D. C. Mem. A.S.M.E. 
5 Consulting Engineer, Ingersoll-Rand Co., New York, N. Y. 


Actual experience has demonstrated that an oil-electric loco- 
motive need only be 75 per cent of a steam locomotive in power 
for pulling the same train, owing to the variable gear ratio in 
the former, allowing it to start a train with the same power 
required to drive it at full speed. A steam locomotive has to 
have an additional of at least 25 per cent to enable it to start a 
train, which once started will require only 75 per cent of the 
maximum cylinder horsepower to run it. Hence, an oil-electric 
locomotive, to perform the same duty, would cost only $86.50 
per horsepower. We now have $86.50 per horsepower versus 
$60 for a steam locomotive or a differential of 1.44:1, which is 
somewhat less than 7:1 as stated by Mr. Richardson 

The weight and cost of an oil-electric locomotive are greatly 
dependent upon the weight of the prime mover. Decreasing the 
weight of the prime mover by increasing its speed, both the 
weight and first cost of the power unit will come down and 
correspondingly the supporting structures of the locomotive 
will decrease. There is, therefore, a good prospect for the oil- 
electric locomotive to meet the first cost and weights of steam 
locomotives in the not-far-distant future. 

Switching locomotives, of which a large number have already 
given three years’ service in the United States, have proved that 
the actual savings will pay for the price of the locomotive in 
between two and three years, provided the locomotive is in sub- 
stantially twenty-four-hour service during the week. This is 
based upon a price of locomotive of $200 per horsepower. 

One of the reasons why the oil-electric locomotive has not 
made faster progress is that the advocates of a substitute for 
electric transmission—hydraulic, mechanical, or otherwise— 
have injected into the railroad executives’ minds the idea that 
they would better go slow with the purchase of oil-electric loco- 
motives, since the cheaper mechanical drive is bound to come 
very soon. In the meanwhile history is repeating itself and 
shows that the great advantage of electric drive over mechanical 
drive continues to hold good. 

A few years ago the mechanical rail car was going to super- 
sede the gas-electric car. As a matter of fact, gas-electric cars 
are built in much larger proportions than the mechanical-driven 
car. The same holds good for the gas-electric drive in buses, 
the relative number of public service buses increasing in favor 
of the gas-electric. 

Reference is made as to why the differential hydraulic Schnei- 
der gear is not put to practical use. This gear is a splendid 
piece of mechanism, but it has the inherent defect that it re- 
quires either a reversing oil engine or a reverse gear in series with a 
non-reversible engine and that the mechanical shocks from the 
drive wheels will be transmitted to the engine direct, which on 
locomotives running on steel rails is far more severe than on 
rubber-tired vehicles. 

Recent tests made with a main-line locomotive on the Putnam 
Division of the New York Central Railroad confirm the opinion 
that oil-electric locomotives will enter main-line service when 
greater units now in process of construction are available with 
equal superiority over steam as the switching locomotives have 
already established during the last three years of practical opera- 
tion. 

We have looked forward for some time to see a practical 
demonstration in this country of a large gear-driven locomotive 
such as has been ordered by the Boston & Maine Railroad and 
one of which has been delivered to the Russian Soviet Govern- 
ment more than a year ago. From what we can learn (and it is 
very difficult to obtain at this time any direct information from 
Russia, since railroad engineers have been scared by sabotage 
trials from giving any information) no additional gear locomo- 
tives have been ordered, whereas orders for additional oil-electric 
locomotives have been given, and the long-promised locomotive 
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for the Boston & Maine Railroad has not as yet been given an 
actual try-out. 

The oil-electric locomotive is making steady progress, and there 
are at least two prominent mills which are replacing their steam 
equipment entirely by oil-electric locomotives based upon actual 
experience, carefully scrutinized cost returns, and a general 
acceptance of the oil-electric locomotive as the most suitable 
means for solving the traffic problem in industrial yards, where 
overhead construction and third rails are decidedly objectionable 
and too costly to maintain. 


C. R. Atpen.’ As a possible addition to the very compre- 
hensive Progress Report the writer wishes to mention an item 
found on page 148 of the Technical News Bulletin of the Bureau 
of Standards No. 138, dated October, 1928, from which is taken 
the following extract headed “Standardization of Diesel Engine 
Fittings:” 

“Plans for standardization in the Diesel engine field are de- 
scribed in a bulletin of the American Society of Mechanical 
Engineers. The bulletins point out.that certain small parts, 
such as piston rings and spray valves, are manufactured by 
specialty concerns and that standardization would enable these 
manufacturers to contribute largely to the reduction of engine- 
making costs. A committee of the Oil and Gas Power Division is 
at work on the subject.” 

As the writer has an interest in the activities of any com- 
mittee such as mentioned in the quotation just given he imme- 
diately wrote to Chairman Kates of the Oil and Gas Power 
Division asking to be advised of the personnel of this committee. 
The following is from Chairman Kates’ letter of November 21, 
1928, addressed to the writer: 

“IT wish I could tell you that a committee was actually at 
work on the standardization of Diesel engine parts, but the re- 
port you saw was premature and unauthorized. The Oil and 
Gas Power Division has been trying to get some action on the 
part of the Diesel Engine Society, as that organization is supposed 
to represent the engine manufacturers and they, of course, are 
the ones vitally concerned. Up to now, however, we have been 
unable to get any response from them, but we will keep on try- 
ing.” 

In the light of what has just been mentioned it seems that the 
Bureau of Standards has reported some progress which has not 
been made. However, the purpose of the present writer is 
not to make any criticism of an oversight on the part of the 
Bureau of Standards when compiling their Technical News 
Bulletin so much as to again go on record before the Society with 
respect to the desirability of some concerted action on the 
part of engine builders, for the purpose of determining the extent 
to which fuel-injection system details and other engine specialties 
may properly be standardized, and, if found advisable, to lay out 
tentative standards for the approval of the sponsor board. 


Evmer A. Sperry.’ As you all know, this is almost my pet 
division. I am among those who believe this is where we are 
sort of scratching the back of the steam-power-generation propo- 
sition, as is evidenced by the fact that we are now talking about 
returning our steam to be reheated two or three times in the 
cycle. John W. Lieb, one of the greatest users of steam power 
we have in this part of the country, says that he is now com- 
mencing to build a separate building for auxiliaries. The tail is 
getting so big that it wags the dog. 

Turning to the internal-combustion-engine proposition, it 


‘Chief Engineer, Ex-Cell-O-Tool & Mfg. Co., Detroit, Mich. 
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seems to me we are just commencing to scratch the surface. We 
have not even looked at the back of it yet. I think that great 
things are in store for us, away beyond anything that we now 
anticipate. The things that Kettering, out in Detroit, has come 
into sight of have indicated that we have in store means for a 
still greater increase of economy. One of the most brilliant 
workers in England has recently broken out in song and told 
us that supercharging has not only arrived, but that it is a 
potent factor here and now. The first motorship has reached 
these shores with superchargers, by which only a few per cent 
increase in supercharging pressures has given about 30 per cent 
return in power without any greater strain on the bearings or 
on the framework. They simply hang on to the pressures 
longer, the card is a little fatter, the mean effectives are higher. 

The great authority on supercharging abroad states that he 
has carried supercharging as high as 33 Ib., and he believes that 
is exactly where it belongs, while a group in this country have 
felt as though 20 to 30 or 40 lb. is probably where it belongs, 
and so we are in general harmony, on one point at least. But 
if we should go to an air-compressor builder and ask him to 
build us an air compressor that would deliver 520 lIb., for in- 
stance, what would be the first question of that compressor 
builder? He would say, “How many stages do you want this 
pump in?” He would not think of giving it to us in one stage; 
you could not get him to look in that direction. Now that is 
what supercharging is. It simply gives you high pressure and 
the temperature that we need in the Diesel proposition and 
that we need for high efficiency in two stages. It simply takes 
it in two bites, and that is the way it certainly will be done in 
the future. It is coming very rapidly. 

One of the most clever designers in England has delivered the 
Diesels for the R-101, and they weigh between 7'/2 and 8 lb. 
They are wonderfully light machines. They are very wise in 
coupling up hydrogen bags with Diesel oil instead of ‘‘gas.”’ 
I do not care if we have helium in this country; gasoline is a 
step in the wrong direction for fuel. The great fires in all our 
dirigibles have originated in the fuel. You cannot burn hydro- 
gen any more than you can burn oxygen—each has to have 
something else with it. Pure hydrogen will not burn; we all 
know that. It is only when you get a mixture. Unfortunately, 
we do not have to have very much oxygen before it commences 
to have an ignitible value, and a little more will give it explosive 
value, as you know. 

But the English are doing it right. They are using Diesel oil, 
and I wonder if you really appreciate how wonderfully safe 
Diesel oil is. I do not suppose there is more than one silver- 
head before me that harks back to the time when we used to use 
little ladles in which to melt lead to cast our bullets. You 
youngsters do not know anything about that. But you take a 
little ladle of that kind and put some Diesel oil in it and try to 
ignite it, and it just simply laughs at you. Put it over a group 
of Bunsen burners and get it boiling; then you can light it, the 
vapor taking fire first. Take it away from the Bunsen burners, 
and nine times out of ten it will go out. Cool off the same 
ladle; put a little gasoline in it; light it, and you wish you had 
not. It goes off very quickly. Cool off the ladle again; put 
a little gasoline in it again; light it; now dash on some Diesel 
oil, and the Diesel oil puts the fire out. You can see from this 
how wonderfully safe the Diesel oil is. 

There are 19,000 B.t.u. per Ib. in the oil. Why use gas when 
you can get Diesel oil for a very much less price, and it is a 
perfectly safe fuel and insures us against the frightful fire risks. 
The question is: Can we get the light engine? That will come. 
The English author that I mentioned stated in a paper within 
the last four weeks that it looks to him, using and utilizing the 
supercharger as he does at present, that the engine of the very 
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near future will be the engine that has two-stage performance 
both sides of ignition. 

Just think what all these possibilities mean! That is why I 
say we are just scratching the surface of the combustion cycle. 
Here is where the great advances in low-price power lie, right 
in this Division. I congratulate you on having these fine papers 
and the splendid interest of the personnel who are here to discuss 
them. 

There was one point raised by a speaker who couples us up 
with the electrical fraternity a little bit tighter than I feel we 
really ought to be. He reminds me of the fact that so long as 
I have lived and have been associated with engineering enter- 
prises I have never known it to fail that mechanics is king; 
absolutely, in the final analysis, the mechanical way is bound 
to wash out every indirect method. The pendulum is swinging, 
possibly, toward electricity today, but I look out for tomorrow. 
Somebody will find a simple, straightforward, mechanical way 
so that we may be able to advance. That will be a real advance. 
This speaker will agree with me absolutely that if we can do 
away with the expensive, heavy electrical connection between 
our motor and our drivers we will have made an advance. We 
do not know what it is yet, but, mark my word, it will come. 
There is no limit to the ingenuity of mankind, and especially 
the mechanical species. 


AvTHOR’s CLOSURE 


Mr. Kurrner. Mr. Joachim takes issue with Dr. Sass on 
the question whether the fuel sprayed into a Diesel-engine com- 
bustion space ignites directly in the liquid state without ante- 
cedent vaporization. He appears rather positive in his con- 
viction that Dr. Sass is wrong and that Diesel, Rieppel, and 
the other earlier authorities were right in considering that vapor- 
ization of the fuel is absolutely necessary before ignition can 
commence. 

Mr. Joachim’s main reason for attempting to reinstate the 
older vaporization theory is that Dr. Sass’ reasoning which led 
up to its abandonment leaves out of account what Mr. Joachim 
believes to be an intensely dynamical effect to which he con- 
siders the fuel droplet exposed while travelling at 350 miles 
per hour through dense compressed air. Under these conditions, 
he reasons, molecular activity strongly favors vaporization. 
Dr. Sass’ conclusions, on the other hand, are based on experi- 
mental results from bombs, calorimeters, and ignition-point 
testers, all of them static laboratory devices in which the dynamic 
effect of the fuel jet does not begin to be realized. 

There appear to be two reasons for believing that Mr. Joachim 
does not altogether succeed in controverting Dr. Sass. The 
first of these would be that Mr. Joachim speaks almost entirely 
in terms of vaporization in the physical sense, apparently shunt- 
ing out all evidence pointing to chemical interaction between the 
air and fuel such as would build up super-saturated oxygen 
compounds prior to ignition and quite independently of vapor- 
ization. Mr. Joachim’s dramatic mental picture of an intense 
bombardment of air molecules against the rapidly advancing 
front of the oil particle projected at high speed would support 
the super-oxidation view just as effectively as the vaporization 
theory. 

Mr. Joachim’s somewhat spectacular conception of the ad- 
vancing fuel droplet as a comet fails to inspire full conviction 
for another reason; namely, that the comet phase of the drop- 
let’s existence is very short indeed. Long before either vapor- 
ization or the newer chemical effects can possibly be complete 
the droplet has been brought to a virtual standstill by the 
vigorous frictional braking of the dense compressed air. If the 


state of high velocity were really continued long enough to permit 
of realizing the effects so graphically pictured by Mr. Joachim, 


the fuel droplet would be out through the opposite side of the 
combustion space before such effects could be well started. 
In all probability the percentage of the droplet’s mass which is 
lost during the infinitesimal time interval of high velocity is 
negligible. Neumann’s experiments (‘‘Untersuchungen ueber 
die Selbstzuendung fluessiger Brennstoffe,”” V.DJ., vol. 70, 
1926, p. 1071) quoted by Dr. Sass show that it takes nearly 
one-fifth of a second’s time-lag to decrease the volume of a fuel 
drop by 1 per cent. With a 500 f.p.s. initial velocity and a free 
path of, say, 6 in. available through the combustion space, 0.002 
seconds would be available, assuming that the droplet travels 
the entire distance at a mean speed equal to one-half the initial 
maximum. Even if it is granted that Mr. Joachim’s “comet 
effect’? would require a drastic upward revision of Dr. Neu- 
mann’s time-vaporization data, it is still hard to believe that 
there would be a noticeable reduction in volume through vapor- 
ization during the time available. 

Moreover, direct-injection Diesel engines work noticeably 
better if the air into which fuel is sprayed is in a state of rotation 
or other motion. Such air movements, however, must be almost 
vanishingly weak in comparison with Mr. Joachim’s comet 
effect. In most cases the air can be rotated only before com- 
pression begins, and such of the movement which lasts until the 
injection process can be hardly more than a remnant. On the 
other hand, if the comet effect were a reality, it would be hard 
to believe that air turbulence is necessary—it would not con- 
ceivably add a noticeable percentage to the energy with which, 
according to Mr. Joachim, the fuel droplets are projected through 
the compressed air. 

Stimulating though Mr. Joachim’s thought undoubtedly is, 
many engineers will be disinclined to regard it as revitalizing 
the old vaporization theory. The kinetic effects which he 
postulates seem to be of such infinitesimally short duration that 
they are unlikely to impair the validity of the laboratory findings, 
admittedly made under static conditions, which favor the belief 
in direct fuel oxidation minus antecedent vaporization. 

The discussions on the Progress Report have certainly been 
most helpful. It is gratifying to find that one of the main pur- 
poses of the report has been realized, namely, that of invoking 
a critically constructive interchange of ideas. 

I believe Mr. Magdeburger’s references to additional material 
that should have been included are partly justified. On the 
other hand, as I remarked in my presentation, we had to draw 
the line somewhere. I was originally allowed two thousand 
words for preparing the report, but when I had it written I 
found it was far longer than that. Even so, I could not help 
thinking, ‘‘This ought to be in and that ought to be in,” while 
my colleagues who kindly helped me with their criticism thought 
some more ought to be in, until I would have had to be absolutely 
immodest in my demands for space. 

Matters like the increase in the number of firms manufacturing 
high-speed Diesel engines undoubtedly ought to have been 
stressed a little more. On the other hand, the trend toward 
high-speed development was quite carefully analyzed on the 
basis of census statistics. Associated with this is Mr. Harlan 
A. Pratt’s* very useful thought; namely, of trying to give an 
indication of how industrial engine applications have increased 
between the date of the census report and the present. Un- 
fortunately, figures of this kind are extremely difficult to obtain. 
Many oil-engine manufacturers keep secret the volume of their 
sales as a part of their business property, and it would be futile 
to ask them to divulge that information. They do not divulge 
it, yet there is no other basis for tabulating new industrial 
applications. We all know from our contact with the industry 


8 Manager, Oil and Gas Engineering Department, Ingersoll-Rand 
Co., New York, N. Y. Mem. A.8.M.E. 
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and from visiting manufacturers’ plants and installations in the 
field that the increase in industrial applications has gone ahead 
enormously in the years mentioned by Mr. Pratt. That is also 
true of the portable-machinery industry producing drag lines, 
excavators, and shovels powered with Diesel engines at an in- 
creasingly rapid rate. There, again, the obtaining of definite 
statistics is practically an impossible task. 

Mr. Lemp’s discussion of the point raised in regard to Diesel 
locomotives is very useful, and it is certainly a good thing that 
he has corrected the gross-price differential of 7 to 1 applying 
between oil-electric and steam locomotives. I believe that is a 
very useful contribution. On the other hand, it does appear as 
though the commercial idea were still dominating developments 
in oil locomotives a little too strongly. Witness Mr. Lemp’s fear 
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than an attempt to broadly discuss all possible forms of Diesel- 
locomotive transmission at this time might give railroad officials 
cold feet about buying any kind of a Diesel locomotive. 

Well, that is undoubtedly a commercial danger, and it is wel- 
come that Mr. Lemp has drawn attention to it, but from the 
abstract engineering point of view we ought to get away from 
any commercially fixed ideal which says, ‘“Here we have a thing 
that we can sell; now let’s sell it and push everything else out 
of the way.” That is all right from the business point of view, 
but we as engineers could more properly take an absolutely 
relaxed and free attitude toward whatever may further the broad- 
est development along our particular line. These discussions, I 
believe, are a confirmation of our general purpose of making the 
Progress Report a stimulus of real progress in the industry. 
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Bus Engine for Gas-Electric Drive 


By H. B. HEWITT,! PHILADELPHIA, PA. 


service; exacting because time schedules must be met, 

and severe because the bus must go on hour after hour 
and mile after mile without failure, for many days at a time. 
A bus to be profitable to its operator and satisfactory to its 
patrons must have acceleration, speed, and comfort, but above 
all it must be safe and dependable. 

Due to strains and stresses to which motorbuses are subjected 
in operation, manufacturers have developed highly specialized 
engines and equipment in order to obtain long life and freedom 
from failures in service. Statistics indicate that the tendency 
of bus schedule speed and maximum speed is upward; also, the 
bus passenger ton-miles is constantly increasing; therefore, there 
is a relentless demand upon engine designers and manufacturers 
to build better and more powerful engines. It is also necessary 
for the bus owner to improve his service through modifications 


operate in most exacting and severe 
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to existing equipment, in order to meet competition and postpone 
the day of obsolescence. 

Electric drive is becoming more appreciated by bus operators 
as it possesses many of the qualities necessary to meet the terrific 
punishment of motorbus service. Electric transmission in motor 
coaches provides great flexibility between the engine and the 
driving axles, and also serves as a cushion to relieve its com- 
ponent units from shock and severe stresses put upon them by 
widely varying speeds, loads, and road conditions. 

The characteristics of an engine specially designed for electric 
drive are different from those for mechanical drive, in that the 


1 Supt. of Bus Maintenance, Philadelphia Rapid Transit Co. 

Presented at the Philadelphia Section Meeting, January 22, 1929, 
of Tae AMERICAN Society OF MECHANICAL ENGINEERS. 

Note: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 
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engine for electric drive operates with considerably less variation 
in speed and, in some services, over 50 per cent of the time with 
wide-open throttle. 

Fig. 1 gives a comparison of engine speed and vehicle speed 
for a bus with electric drive and the same bus with mechanical 
drive. The transmission-gear steps have been eliminated on 
this chart in order to clarify the relation of engine speed to bus 
speed in high gear only; also, in electric drive, the speed is shown 
with the two electric motors in parallel. This chart indicates 
average conditions only. With heavy loads or on hill climbing 
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the engine for gas-electric drive runs between 1800 and 2100 
r.p.m., the increase in engine speed being accomplished by what 
is called a booster switch, which inserts additional resistance in 
the generator field. 

Fig. 2 gives a comparison of the pounds tractive effort of a bus 
with electric transmission and the same bus with mechanical 
transmission. This chart shows that the greatest tractive effort 
is with the two electric motors in series. This chart shows very 
clearly the increase in tractive effort with gas-electric drive as 
compared to the mechanical drive. This is particularly advan- 
tageous in gas-electric drive for snow plows and trucks as well 
as buses. 

Fig. 3 shows a comparison of the acceleration curve for electric 
drive and with a four-speed mechanical transmission. This 
chart shows the elimination of the changes in accelerating speed 
in the gas-electric curve which are very uncomfortable to passen- 
gers and extremely hard on the entire bus mechanism. In addi- 
tion to the added comfort during acceleration the bus is acceler- 
ated faster with the electric drive. 

Fig. 4 shows a typical horsepower and torque curve for electric 
drive. Some manufacturers of bus engines, notably the White 
and the Mack companies, have changed the valve timing, mani- 
folding, and carburetion to flatten the torque curve and straighten 
the horsepower curve for engines used in gas-electric buses. 
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Fig. 5 shows the performance curves of the White 1A, 4°/, X 
5/4, 519 cu. in. engine used in the gas-electric bus. It will be 
noted that the torque curve is practically straight, which is a con- 
siderable improvement over the curves of the older-type engines 
built by the same company. The familiar hook at the top of the 
brake-horsepower curve has disappeared entirely. 

One of the most advantageous characteristics of the electric 
drive is that it is possible by adjusting the field current of the 
generator to regulate the speed of the engine, so that it will oper- 
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ate at its best efficiency. Regardless of the speed of the bus, 
when the throttle is closed, the engine operates at idling speed. 
This means a reduction in revolutions per mile of approximately 
20 per cent as compared with the mechanical drive, which of 
course means less wear, longer life, and lower maintenance cost 
for the engine of the gas-electric bus. 

Fig. 6 shows the typical average engine revolutions per mile 
with various stops per mile. This comparison shows one of the 
principal reasons for increased engine miles when electric trans- 
mission is used. 

Bus operators who carefully analyze scheduled speeds can 
usually obtain greater economy by increasing the acceleration 
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and speed of their buses than in a saving of fuel and lubricants 
by operating at lower scheduled speed. For instance, by in- 
creasing the scheduled speed on one of the Philadelphia Rapid 
Transit bus routes 6 miles from terminal to terminal, the time 
ner total trip was reduced 6 minutes, which represented an an- 
nual saving of $7185. Such increased speed must, of course, be 
kept within safe limits, but in many cases schedules well within 
the limits of safety cannot be maintained because of underpowered 
bus equipment. 

It is, however, usually possible to increase the power of most 
buses by making some changes in the engine; in fact, it is some- 
times possible to produce power equal to the rating given by the 
bus salesmen. This increase in power can be accomplished by 
different methods, according to the design and condition of the 
engine. 

During the last two years Mitten Management has conducted 
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investigations and experiments to improve the performance of 
P.R.T. buses. 


Dvat IGNITION 


One of the early difficulties experienced in practically all bus 
operations was spark-plug failure. This is by no means satis- 
factory at the present time, as the life of spark plugs is entirely 
too short as compared with the other vital units of a bus. In 
order to improve the general performance of the engine and to 
reduce this trouble as much as possible, Mitten Management 
engineers have developed dual ignition for the Knight type 
engine. To apply this to existing equipment a cylinder head 
for two spark plugs was designed, although the manufacturer 
was of the opinion that it could not be done. We now have 45 
buses in operation with engines with dual ignition and their 
performance is decidedly superior to those with one spark plug 
per cylinder. 

The experience with dual ignition in actual service has been 
that the reliability is greatly improved, and materially better 
combustion is obtained. We have found that our bus operators 
prefer buses with dual ignition, and when questioned, they state 
that the buses pull better on hills and on heavy loads; in fact, a 
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faster schedule can be maintained by these buses. It is felt that 
the increased reliability alone, particularly on long-distance 
routes, amply justifies the expense of this development, and, 
therefore, dual ignition has been made standard equipment. 
Locomobile, Rolls-Royce, Nash, and Stutz passenger cars have 
adopted dual ignition in one form or another, but the White 
Company and the Studebaker Company are equipping their 
bus engines with dual ignition. 


Fixep IGNITION 


It was found in our bus operation that the automatic spark 
advance devices were unreliable. A series of tests were made 
to determine how this trouble could be eliminated. These tests 
indicated that fixed ignition was very much more reliable and 
satisfactory than automatic spark advance, particularly because 
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of the close speed range of gas-electric drive. Ignition on P.R.T. 
buses is now set at the maximum power output of the engine, and 
is fixed at that point, so that fixed ignition is now standard on all 
gas-electric equipment. 


CARBURETION 


Tests indicated that there was considerable variation in car- 
buretor settings, even though the same size jets in Zenith car- 
buretors were used. In order to get greater refinement and 


more definite figures upon which to make our adjustments, an 
exhaust-gas analysis test was developed which measures the 
completeness of combustion, and therefore our carburetors can 
be set very accurately. 


OGP-51-2 
It is also most essential, in order to control carburetion, that the 
specifications of the fuel used be held to very close limits. 


INCREASED ENGINE PowER 


As a result of our research, the engine brake horsepower output 
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has been increased from 60 hp. to 94 hp. This has been accom- 
plished by increasing the engine compression ratio from 4.6:1 to 
5.5:1 and the cylinder compression from an average of 75 lb. to an 
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average of 90 lb. gage pressure, by a complete redesign of the 
intake and exhaust manifolds, and by the use of the Godward 
gas generator. 

In Fig. 7 some of the steps in the development of the increased 
horsepower are shown. Curve E shows the improved gasoline 
engine as delivered to us by the manufacturer. Curve C shows 
the additional output gained by increasing the compression ratio 
and by the use of aluminum pistons and aluminum cylinder heads. 
Curve B shows the straightening out of the horsepower curve by 
the use of the Godward gas generator, special manifolding, and 
dual ignition. Curve A shows the final results with all changes 
and refinements. Curve AA as compared with curve EE shows 
an improvement in fuel economy in pounds per brake horsepower- 
hour after all the changes were made. 

The tendency of designers and manufacturers of bus engines 
seems to be toward strengthening the various parts which undergo 
the greatest stresses in operation, thereby permitting the opera- 


tion of the engines under greater pressures, and by making 
improvements in manifolding and carburetion to permit the use 
of higher compression ratios and heavier fuels. 

On the other hand the designers and manufacturers of the 
Diesel-type engine tend to reduce the weight of their engines and 
design them for lighter fuels. They undoubtedly have their eyes 
upon the motorbus field, and some time in the near future we may 
see an engine which will be a compromise between the conven- 
tional gasoline engine and the Diesel-type engine which will have 
incorporated in it the best features of both types. We are now 
operating a number of buses on fuel oil and expect to have the 
entire fleet on fuel oil this year. 

In order to keep pace with the times, and a step ahead if pos- 
sible, we have at our Hunting Park bus shops an automotive 
research laboratory where we endeavor constantly to improve 
the efficiency, dependability, and safety of our bus and taxicab 
operations. 
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A Simple Method of Comparing Oil-Engine 
Performances 


By OTTO NONNENBRUCH,' NEW YORK, N. Y. 


In this paper the author analyzes a number of reliable tests made 
on Diesel engines by disinterested authorities to determine fuel 
consumption per brake horsepower-hour and per indicated horse- 
power-hour. He finds that the friction load in all cases is constant 
over the whole load range, and that the fuel consumption per indicated 
horsepower-hour at low indicated mean effective pressures is prac- 
tically the same for all types of engines. This, and the regularity 
with which the indicated fuel consumption increases with increasing 
indicated mean effective pressure, make it possible to derive the in- 
dicated fuel consumption and the indicated horsepower of an engine 
from brake fuel-consumption tests without indicator cards. The 
procedure is illustrated by examples. The general rating of Diesel 
engines at a standard indicated fuel consumption is suggested. 


N THIS paper results of reliable fuel-consumption tests on 
different types of Diesel engines are analyzed and conclu- 
sions are drawn which lead to a simple method of comparing 

engine performances. An attempt is also made to arrive at 
standards for fuel economy and rating. 


Tests or Four-Cycie 
ENGINES 

A four-cycle air-injection engine tested by Romberg? gave the 

results shown in Table 1 and plotted in Fig. 1. The m.i.p. (indi- 

TABLE 1 DATA OF TEST OF A KRUPP FOUR-CYCLE AIR-IN- 
JECTION ENGINE 

Engine Data: 4-cycle; 4 cylinders; bore, 19.7 in.; stroke, 27.5 in.; r.p.m., 

155. Injection-air compressor driven by engine. Fuel: Low heating value, 
18,000 B.t.u. per Ib. 


Fuel per Fuel per 
M.e.p. b.hp-hr., Ib. m.i.p.! i.hp-hr., Ib. 
17.5 0.560 34.2 0.288 
34.5 0.436 54.2 0.278 
54.1 0.398 73.1 0.295 
72.5 0.393 91.5 0.311 
80.8 0.393 98.8 0.323 
90.2 0.397 107.5 0.333 


! Indicated mean effective pressure. 


cated m.e.p.) line shows that the friction losses are constant at all 
loads and equivalent to 18 lb. per sq. in. mean pressure. The 
curve m.p. X lb. per hp-hr. represents the product m.e.p. X lb. 
per b.hp-hr. or m.i.p. X lb. per i-hp-hr., the two products being 
alike. If this curve is continued to the left, as shown by the 
dotted line, it cuts the m.i.p. line at the axis of abscissas, which is 
logical because zero fuel would produce zero indicated mean 
effective pressure (m.i.p.). 

Romberg also tested a four-cycle solid-injection engine? 
which gave the results shown in Table 2 and plotted in Fig. 2. 
Again the m.i.p. line shows a constant friction load, namely, 
16 lb. per sq. in., and the m.p. X lb. per hp-hr. curve, extended to 
the left, cuts the m.i.p. line at the axis of abscissas. 

Another test of a solid-injection engine, built by M.A.N., 
was published by Laudahn.* The results obtained are given in 


1 Chief Engineer of Oil Engines, De La Vergne Machine Company. 
Mem. A.S.M.E. 

2 Versuche an einem kompressorlosen Diesel Motor, by F. Rom- 
berg. Dieselmaschinen 3. V.D.I. Verlag. Berlin, 1927. 

*’Abnahmepruefung eines kompressorlosen Diesel Motors, W. 
Laudahn. Dieselmaschinen 2. V.D.I. Verlag. Berlin, 1926. 

Presented at the Annual Meeting of the Oil and Gas Power Di- 
vision, New York, N. Y., December 3 to 7, 1928, of THE AMERICAN 
Society oF MECHANICAL ENGINEERS. 
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Table 3 and plotted in Fig. 3. Again the m.i.p. line shows a 
constant friction load, namely, 13 Ib. per sq. in., and the m.p. X 
lb. per hp-hr. curve, extended to the left, cuts the m.i.p. line 
at the axis of abscissas. 

A four-cycle air-injection engine, supercharged by the Biichi 
DATA OF TEST OF A KRUPP FOUR-CYCLE SOLID-IN- 

JECTION ENGINE 

4-cycle; 4 cylinders; bore, 18.1 in.; stroke, 24.8 in.; 


TABLE 2 


Engine Data: r.p.m., 


214. Solid injection directly into the cylinder. Fuel: Low heating value 
18,000 B.t.u. per Ib. 

Fuel per Fuel per 
M.e.p. b.hp-hr., Ib. M.i.p. i.hp-hr. 
18.5 0.528 34.5 0.283 
17.5 0.550 34.5 0.280 
36.8 0.418 53.0 0.290 
36.2 0.420 53.0 0.287 
54.5 0.385 71.2 0.295 
74.3 0.378 89.0 0.315 
74.0 0.377 89.0 0.313 
83.5 0.381 100.0 0.318 


TABLE 3 DATA OF TEST OF A M.A.N. FOUR-CYCLE SOLID-IN- 
JECTION ENGINE 


Engine Data: 4-cycle; 6 cylinders; bore, 13.6 in.; stroke, 19.7 in.; r.p.m., 
200. Solid injection directly into the cylinder. Fuel: Low heating value, 
18,000 B.t.u. per Ib. 

Fuel per Fuel per 
M.e.p. b.hp-hr., Ib. M.i.p i.hp-hr., Ib. 
27.7 0.437 40 0.302 
50.8 0.387 65 0.302 
76 0.374 89 0.320 
90 0.386 103.5 0.336 
v 
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Fig. 1 Resvutts on Krupp Four-Cycie Arr-Insection ENGINE 


system, was tested by A. Stodola.4 The results are given in 
Table 4 and plotted in Fig. 4. The friction load, as in all pre- 


TABLE 4 DATA OF TEST OF A SUPERCHARGED FOUR-CYCLE 
AIR-INJECTION ENGINE 


Engine Data: 4-cycle; 6 cylinders; bore, 22 in.; stroke, 25.2 in.; r.p.m., 
Fuel: Low heating value, 


167. Injection air compressor driven by engine. 
18,000 B.t.u. per Ib. 
Fuel per Fuel per 
M.e.p. b.hp-hr., Ib. M.i.p i.hp-hr., Ib. 
26.9 0.532 51.7 0.276 
52.7 0.422 78.0 0.285 
77.5 0.400 101.0 0.305 
101.0 0.396 126.5 0.318 
123.5 0.403 150.0 0.331 
134.0 0.410 160.0 0.345 


4 Leistungsversuche an einem Diesel motor mit Biichischer Aufla- 
dung, A. Stodola. Zeitschrift des Vereines deutscher Ingenieure, 
March 31, 1928. 
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vious tests, is constant for all loads, and the m.p. X lb. per hp-hr. 
curve, extended to the left, cuts the m.i.p. line at the axis of 
abscissas. 


Tests oF Two-CycLte ENGINES 


An acceptance test of a 15,000-hp. double-acting two-cycle 
engine, built by Blohm & Voss, Hamburg, was made by 
Laudahn.’ The results are given in Table 5, and plotted 
in Fig. 5. The m.i.p. line shows constant friction over the 
whole load range, and the m.p. X lb. per hp-hr. curve, con- 
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cycle curves of Figs. 1, 2, and 3 lie so close together that they 
are shown as one. The coincidence of the left parts of the 
curves simply shows that the indicated fuel consumption at light 
loads approaches very nearly the same value for all engines, 
namely, 0.28 lb. per i.hp-hr. (The only test that shows a higher 
value is that of the M.A.N. solid-injection engine—see Fig. 3— 
which may be a very excusable error in the low-load indicator 
cards and does not make enough difference to affect the 
deductions.) If this indicated consumption of 0.28 Ib. per 
hp-hr. were to continue over the whole load range, the m.p. X lb. 
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tinued to the left, cutsthe m.i.p. 


per hp-hr. curve would be a 


74 


line at the axis of abscissas. 3 et straight line, as shown dotted 
The friction load is 13 lb. per 70 14 140 wt in Fig. 7. The actual curves, 
sq. in. mean pressure, which in- pa however, bend away from it, as 
cludes the injection-air com- ,) |, ne A the indicated consumption in- 
pressor but not the scavenging- w be creases with increasing load. 
air blower. Y | It follows that the m.p. X lb. 
The Nordberg engines fur- 4 per hp-hr. curve of any engine 
nished to the Panama Canal * {| | 7 “4 may properly be continued to 
Commission were tested before 840 80 the left to its intersection with 
acceptance and the results pub- 7 = 7 oes tee the axis of abscissas as a straight 
lished. These are given in S30” 06 60 va Z line drawn at an angle to the 
Table 6 and plotted in Fig. 6. x abscissa axis, whose tangent is 
Again the m.i.p. line shows con- A | LB per Btp-tr- 
stant friction load over the ™ Leto 28 (m.p. X lb. per hp-hr.) 
whole load range, and the m.p. LB per Mp-hr- 100 (m.i.p.) 
lb. per hp-hr. curve, con- % 2% me 
tinued to the left, cuts the m.i.p. +75 «4 The resulting intersection with 
line at the axis of abscissas. 0 0 0 of abscissas gives the 


The friction load is 21 lb. per 
sq. in., the air compressor and 
scavenging pump being driven 
by the engine. 

Depuctions From Tests 


Fig. 7 shows the m.p. X lb. per hp-hr. curves from Fig. 1 to 
6, all starting from a common point m.i.p. = 0. The four- 
TABLE 5 DATA OF TEST OF A 15,000-HP. DOUBLE-ACTING 


TWO-CYCLE ENGINE 


Engine Data: 2-cycle; 9 cylinders; bore, 33.9 in.; stroke, 59 in.; r.p.m., 
94. Injection-air compressor driven by engine, scavenging air furnised 


from outside; scavenging ports close before exhaust ports. Fuel: Low 
heating value, 18,000 B.t.u. per Ib. 
Fuel per Fuel per 
M.e.p. b.hp-hr., Ib. M.i.p. i.hp-hr., Ib 
17.5 0.463 29.35 0.274 
36.0 0.374 48.20 0.277 
52.1 0.367 65.00 0.293 
67.7 0.376 80.20 0.315 
67.5 0.377 80.00 0.316 


’ Die Abnahmepruefung des 15000 PS Diesel motors, by W. 
Laudahn. Diesel maschinen 3. V.D.I. Verlag. Berlin, 1927. 
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Fic. 4 Resuits oN SuPERCHARGED Four-Cycie Atr-INJECTION 
ENGINE 


friction mean pressure. As in 
every engine test cited in this 
paper the friction load is con- 
stant over the entire load range, 
it is safe to assume that this is generally so. The derived friction 
mean pressure added to the m.e.p. may therefore be considered as 
giving a very closely correct value of the m.i.p. Dividing the 
values of the m.p. X lb. per hp-hr. curve by m.i.p. finally gives 
the indicated fuel consumption over the whole load range. 


TABLE 6 DATA OF TEST OF NORDBERG TWO-CYCLE AIR-IN 
JECTION ENGINES 


2-cycle, single-acting; 6 cylinders; bore, 29 in.; stroke, 44 
Injection-air compressor and scavenging-air compressor 
Scavenging through valves, which close after the exhaust 


Engine Data: 
in.; r.p.m., 125. 
driven by engine. 


ports. Fuel: High heating value, 18,738 B.t.u. per lb. 
Fuel per , _ Fuel per 
M.e.p. b.hp-hr., Ib. M.i.p. i-hp-hr., Ib. 
17.08 0.618 37.28 0.282 
34.2 0.462 57.10 0.277 
51.2 0.431 71.45 0.309 
68.2 0.422 89.57 0.322 
75.1 0.417 97.40 0.322 
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EXAMPLES These values have been plotted in Fig. 8, as shown by the points 
in circles. The m.p. X lb. per hp-hr. curve is continued to the 
left as a broken line which cuts the axis of abscissas at an angle 
whose tangent is 


The procedure to employ will now be illustrated by examples 
of engines for which the brake fuel consumption at different loads 
is known, but not the indicated consumption. 

The first example is an American-built four-cycle air-injection 28 (m.p. X Ib. per hp-hr.) 
engine of 17 in. bore, running at 200 r.p.m. The test results 


were as follows: 100 (mi-p.) 
Fuel per M.e.p. X Ib. per > 
M.e.p. b.hp-hr., Ib. b.hp-hr. 
20 0. 580 11.6 = 
60 0.405 24.3 
80 0.405 32.4 
90 0.410 37.0 540 08 80 
2 
Mp x Lb per Hp-hr- 
£40 08 80 
as Lb. per Lip-hr- 
10 02 20 
= 
&30 06 ~60 
¢ = Mp. x Lb per Mp-br- Ad 
x ia | | | 20 0 20 40 60 80 100 20 
Mean Effective Pressure (M.e.p) 
= 20 04 40 T T T T 
Lb. per B. Hp-hr- 
Fic. 6 Resutts on NorpBerG Two-Cycuie Arr-InJecTion ENGINE 
Lb per I Hp-hr- 
Q2 20 7 
Va 
Mean Effective Pressure (Me.p) 
if Fic.5 Resvuuts on 15,000-Hp. Two-Cyc_Le ENGINE 
P E40 08 80 
a Bite xib per 
a. 
230 06 =60 LA 
0 02 20 p44 px lbper 
0 0 0 = 
- 4 20 0 20 40 60 80 100 120 40 
Soo | Mean Effective Pressure (Mep.) 
28 Mp x Lb per 
Fig. 8 Resvutts on AMERICAN Four-Cycie Artr-INJECTION ENGINE 
10 T 
20 40 60 80 100 140 160 (180 50 10 100 
Mean Indicated Pressure (M.i.p.) ~ 
Fic. 7 Comprtep M.P. X Ls. per He-Hr. Curves w Le per B Hp-hr- 
= 
TIT] 
x Lb. per Hp-hr- 
$20 04 40 | 
Mp.x Lb.perHp-h 
£40 08 80 7 | 28 Mpx Lb per Hp -hr- 
NUS 4 + —+ 
xX per B Hp-tr- 20 0 20 40 60 100 120 140 
a0 Mean Effective Pressure(Mep) 
7 Mp x Lh per Hp-he Fic. 10 Resuits on Two-Cycie Enoine Wits 
© 02 20 PRECOMBUSTION CHAMBER AND CRANKCASE COMPRESSION 
= = a and at the point —20 m.e.p., which is the frictionload. Through 
7 00 20 140 the same point the m.i.p. line is drawn at an angle of 45 deg. 
Mean Effective Pressure(™.e.p) The fuel consumption in lb. per i.hp-hr. is then calculated by 


dividing the values of the m.p. X lb. per hp-hr. curve by those of 


Fic. 9 Resvuits on Hicu-Speep Four-Cycie 
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The second example‘ is a four-cycle, four-cylinder, high-speed 
engine of 4.55 in. bore and 7.10 in. stroke, running at 1000 r.p.m., 
having solid injection directly into the cylinder, and burning a 
fuel whose low heating value is 18,000 B.t.u. per lb. The test 
results were as follows: 


Fuel per M.e.p. X lb. per 
M.e.p. b.hp-hr., Ib. b. hp-hr. 
37.5 0.562 21.1 
59.0 0.451 26.6 
71.0 0.445 31.6 
79.5 0.460 36.5 
2.5 0.562 52.0 
40 
£36 
Fig.6 Figsh2Z,5,8 & 9 
A 
0 20 60 140 160 180 


120 
Indicated Mean Pressure (Mip) 
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These values have been plotted in Fig. 9, as shown by the points 
in circles. The remainder of the procedure is the same as in the 
first example, the indicated fuel-consumption curve shown 
being finally arrived at. 

The third example is a typical two-cycle solid-injection engine 
with precombustion chamber and crankcase compression, which 
gave the following test results: 


Fuel per M.e.p. X Ib. per 
M.e.p. b hp-hr., Ib. b.hp-hr. 
1l 0.750 8.25 
22 0.540 11.90 
33 0.470 15.50 
44 0.458 20.20 
50 0.462 23.10 


The results have been plotted in Fig. 10 as shown by the 
points in circles. The remainder of the procedure is the same 
as in the two preceding examples. 


CONCLUSIONS 


The fuel consumption in pounds per brake horsepower-hour 
rests on two factors: 

1 The consumption in pounds per indicated horsepower-hour, 
which expresses the efficiency of combustion; and 

2 The friction losses, which may be expressed in mean pres- 
sure, and which show the mechanical efficiency. 

In the first part of the paper these two factors were obtained 
for a number of typical engines, and will now be dealt with sepa- 
rately. 

Indicated Fuel Consumption. The indicated-fuel-consumption 
curves of all the preceding examples are compiled in Fig. 11 and 
extended to an m.i.p. value at which the indicated consumption 
becomes 0.34 Ib. per i.hp-hr. The curves show that the indicated 
consumption at low m.i.p. approaches 0.28 lb. for all engines, as 
mentioned earlier in the paper. The remainder of each curve 
depends chiefly upon the relative quantity of air in the cylinder. 
We see that the crankcase-compression engine of Fig. 10 feels 
the lack of air at a lower m.i.p. than an engine with a larger scav- 
enging air pump (Fig. 5), while an engine in which scavenging air 
enters after the closing of the exhaust ports (Fig. 6) shows still 
higher m.i.p. capacity and almost equal to that of four-cycle 
engines (Figs. 1, 2, 3, 8, and 9). Supercharged engines (Fig. 4) 
go far beyond engines not supercharged. 


® Der Diesel Motor als Kraftfahrzeug Maschine, A. Nigel. 
Dieseimaschinen 3. V.D.I. Verlag. Berlin, 1927. Page 83. 


In the curves of Fig. 11 the commercial full-load rating, as 
shown by the small circles, lies at about 0.315 lb. per i-hp-hr. 
Such rating is evidently good practice, justified by commercial 
success, and might be suggested as a basis for the rating of engines 
in general. It implies a clear exhaust and desirable overload 
capacity. It is assumed, of course, that the manufacturer 
provides the necessary mechanical construction and cooling to 
make the engines reliable at this load, which can always be done. 
The point at which this indicated consumption of 0.315 lb. is 
reached is easily determined without indicator cards by the 
method shown in the paper, provided brake fuel consumptions 
are known over part of the load range. 

Friction Loads. The friction loads, expressed in corresponding 
mean pressure, vary widely as shown by Figs. 1 to 6, 8, 9, and 10. 
Figs. 1 and 8, four-cycle air-injection engines, show friction 
loads of 18 and 20 lb. per sq. in. mean pressure. These are very 
low values, giving mechanical efficiencies of 79.5 and 78.5 per cent 
at a rating of 70 lb. m.e.p. The four-cycle solid-injection engines 
of Figs. 2 and 3 show 16 and 13 lb. per sq. in., respectively. 
This is in line with the values for air-injection engines, because 
the difference of about 5 lb. per sq. in. between them is accounted 
for by the air compressor. The high-speed engine of Fig. 9 
has a friction load of 30 lb. per sq. in. mean pressure, the super- 
charged engine of Fig. 4, 23 lb. per sq. in., and the two-cycle 
engine of Fig. 5, 13 lb. per sq. in. In this last engine the scav- 
enging air is furnished from outside, while the two-cycle engine 
of Fig. 6 has an attached scavenging-air pump and shows 21 lb. 
per sq. in. friction load, against 18 lb. per sq. in. for the crank- 
case-compression engine of Fig. 10. 

There is not sufficient regularity in these values to warrant 
drawing general conclusions from them; it is evident, however 
that standards could soon be established were the friction losses 
more generally analyzed and compared. 


SuMMARY 


It has been shown that for any engine and any load the m.i.p. 
values and the indicated fuel consumption may be determined in 
a simple manner and with sufficient accuracy from brake fuel- 
consumption tests, without indicator cards. General applica- 
tion of this method should lead to an accepted standard value 
for the indicated fuel consumption at full load, 0.315 lb. per 
i.hp-hr. being suggested. It should also lead to common know!l- 
edge of the friction load, expressed in pounds per square inch mean 
pressure, and to accepted standard values for it on different 
types of engines. A uniform basis for the m.e.p. rating would 
be the result. 


Discussion 


R. D. Gatewoop.’? This paper is a well-defined analysis of a 
method to determine the indicated horsepower developed in 
oil engines based on data obtained from brake or working load 
tests only and as such is of practical value, especially in the case 
of small engines, where indicator riggings are difficult to install 
and are usually omitted. 

It is evident, however, that the author has confined himself to 
constant speed engines in general for which his deductions are 
quite correct. While it is true that the difference between i.hp. 
and b.hp. remains practically constant for various loads, provid- 
ing the revolutions are kept nearly constant, it does not hold for 
main engines in marine installations where the revolutions de- 
crease with decreasing loads. 

Either with varying or constant r.p.m. for varying loads, the 
brake m.e.p. will approximately be the same for any given m.i.p., 


7 Manager, Maintenance and Repair Division, U. 8S. Shipping 
Board, New York, N. Y. 
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therefore the mechanical efficiency will depend upon the m.i.p. 
while the actual losses (not percentage losses) will depend mostly 
upon the revolutions. To illustrate the above contention, the 
accompanying table shows tests on two double-acting, two-cycle 
engines of identical design installed by the Merchant Fleet Cor- 
poration. 


CONSTANT REVOLUTIONS VARYING REVOLUTIONS 


IV VIll 

i.hp. i.hp. 

I II III minus Vv VI VII minus 
r.p.m. i.hp. b.hp. b.hp. r.p.m. ihp. b.hp. b.hp. 
95.25 4200 3000 1200 96 4200 3000 1200 
95.25 3625 2500 1125 91.2 3500 2500 1000 
95.25 3095 2000 1095 85.3 2955 2000 955 
95.25 2585 1500 1085 77.7 2335 1500 835 
95.25 2095 1000 1095 67.3 1705 1000 705 


Columns I, II, III, and IV show the results obtained with the 
revolutions held constant within one-half of one revolution while 
columns V, VI, VII, and VIII show results when the revolutions 
vary approximately as the cube root of the horsepower. The 
above table demonstrates that the relative mechanical efficiency 
improves at lower revolutions. 
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Fig. 13. Mecuanicat Erricrencies InpicaTep M.£.P. As 
ABSCISSAS 


From these results, the curves were drawn and illustrate the 
subject. Fig. 12 shows the mechanical efficiencies using b.hp. 
as abscissas with mechanical efficiencies as ordinates while in Fig. 
13 the indicated m.e.p. was used as abscissas. 

It will be noticed that with lower powers the difference between 
the mechanical efficiencies increases, while Fig. 13 shows that 
efficiency increases at the lower powers, but this difference is 
considerably less than that shown in Fig. 12. 


F. W. Anperson.* The paper presents a simple and interesting 


* Nordberg Mfg. Co., New York, N. Y. 
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method of comparison and the few examples quoted show the wide 
application and provide interesting comparisons in themselves. 
The difficulty seems to be in obtaining reliable tests which give 
the necessary data for the lower mean effective pressures. For 
instance, in Fig: 9, the lowest point plotted is for just under 40 
lb. m.e.p. Two more points at lower m.e.p. would have deter- 
mined the location of the tangent more positively and would have 
given more confidence in the deduced value of the friction m.e.p. 
It is to be regretted that a larger number of tests were not avail- 
able and reported in order to give a broader basis for the conclu- 
sions drawn. 

It is to be hoped that a wider knowledge of the friction load 
expressed in pounds per square inch mean pressure for different 
types of engines will be available as time goes on. It probably 
will lead to substantially standard values for the several types, 
but it does not seem justifiable to use these as a standard basis 
for m.e.p. rating. The rating of an engine depends upon many 
engineering and commercial considerations, and it is questionable 
if uniform basic ratings are desirable even if possible. The scope 
of the method presented seems limited rather to the field of com- 
parisons as outlined and is well worth while for that purpose. 


Epaar J. Kates.’ The method proposed for comparing oil- 
engine performances is ingeniously simple, and tells a story to 
the engineer that is not imparted by the familiar curve of fuel con- 
sumption per brake horsepower. The Diesel engine is a heat 
engine, and the effectiveness with which it converts the heat 
energy of the fuel into mechanical energy can best be judged by 
the power developed within the cylinder, i.e., the indicated power, 
rather than the power delivered to the shaft or brake. The latter, 
however, is more easily measured in most cases, and therefore the 
author’s convenient graphical method for translating brake per- 
formance into indicated performance should be welcomed by 
engineers responsible for Diesel-engine design. 

It is well known that although the curve of fuel consumption 
per brake horsepower reaches a minimum near full load, the curve 
of fuel consumed per indicated horsepower, on the contrary, is 
lowest at very light loads and rises as it approaches full load. 
This shows that at the heavier loads the heat energy of the fuel 
is being less efficiently converted into mechanical energy, and 
consequently a greater proportion of the heat is being wasted to 
the jacket water and to the exhaust gases. With most oil engines 
the curve rises rapidly after full load has been reached; the large 
amount of heat which must be disposed of constitutes the real 
limit to the power which an engine can safely and continuously 
develop in practical service. 

It is far easier, at heavy loads, to take care of the mechanical 
forces than the heat strains, and the latter are clearly denoted by 
the curve of fuel consumption per indicated horsepower. This 
justifies the author’s suggestion that that curve be used as a basis 
for the commercial full load rating of engines in general. 

Methods of rating the power capacity of oil engines are now, 
and always have been, deplorably uncertain. Unlike the gasoline 
engine, an oil engine cannot be commercially rated according to 
its maximum power output, as the development of maximum 
power is accompanied by operating conditions far from accept- 
able, such as smoky exhaust, excessive fuel consumption, and 
dangerous heat strains. 

The engine manufacturers themselves have found it difficult 
to decide what power ratings to assign to their own engines, be- 
cause of the wide latitude for the exercise of mere opinion. The 
tendency, of course, is for conservative manufacturers to rate 
low, and for the opposite class to rate high. Modern develop- 
ments in improved systems of fuel injection and combustion have 
emphasized the problem, as some manufacturers have felt fully 
~~ Consulting Engineer, New York, N. Y. Mem. A.S.M.E. 
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justified in rating such improved engines at mean effective pres- 
sures much higher than usual. 

It is obvious that the purchaser and user of oil engines, to whom 
elaborate test data are unavailable, is in a real quandary when it 
comes to selecting engines on a basis of power capacity for prac- 
tical use. For these reasons, any attempt to rationalize power 
ratings should be most welcome, particularly when the method 
proposed is as simple as that advanced by the author of this paper. 
Whether the commercial full load rating should be fixed at an 
indicated consumption of 0.315 lb., or some other figure, is a 
question to be decided only after considerably more data have 
been accumulated. Possibly the figure should vary with the 
cylinder size and with the rated engine speed, as a small-diameter, 
slow-running cylinder can safely burn more fuel per i.hp-hr. 
than one that is large in diameter and runs at a high r.p.m. 

The author proposes a graphical method of analyzing the test 
curve showing fuel consumption per brake-horsepower hour in 
order to ascertain the friction losses and then construct a curve of 
fuel consumption per indicated horsepower. The method is 
simple and convenient, and would be instructive for rough use in 
occasional work. However, it would hardly be satisfactory as 
a basis of commercial rating because of its many uncertainties. 

For instance, the method is explicitly based on the correctness 
of two assumptions—one that the friction mean pressure of any 
particular type of engine is a constant, independent of load; 
the other, that the fuel consumption per i.hp-hr., at low loads, is 
0.28 lb. for all engines. Neither of these assumptions can be con- 
sidered as conclusively proved to be true for all types of oil en- 
gines. 

In addition to these uncertainties, there seem to be several 
practical difficulties in applying the method, such as: 

1 One must be sure that the consumption test included a run 
at a load so small that it was well within the region where the fuel 
consumption can be safely assumed to be 0.28 lb. per i-hp-hr., 
as the 0.28 line must be drawn tangential to the test curve. 

2 Any error in the measurement of power or fuel at the lowest 
test load will result in a corresponding error in the friction mean 
pressure which will be reflected in the curves for m.i.p. and for 
lb. peri.hp-hr. (Note the left end of the curve of m.p. X Ib. per 
hp-hr. in Fig. 9.) 

3 The data for the lowest test load, upon which the determina- 
tion of friction losses depends, are likely to be inaccurate, because 
only small amounts of fuel and power are measured, and because 
combustion conditions at very light loads are often uncertain and 
variable. 

Because of these difficulties it would be far more accurate actu- 
ally to measure the friction losses on various types of engines for 
the purpose of obtaining standard values, rather than to depend 
upon the author’s graphic analysis of the brake fuel consumption 
curve. 

If, eventually, standard values should be agreed upon for the 
friction mean pressure of various types of engines, graphic pro- 
cedure for translating brake performance into indicated perform- 
ance would be quite unnecessary, because the indicated-fuel 
consumption could then be calculated directly. For instance, 
if the friction mean pressure for the engine of Fig. 9 is agreed to be 
30 lb. per sq. in., the m.i.p. corresponding to 79.5 lb. m.e.p. is 
109.5 lb. and the indicated fuel consumption is 36.5/109.5 = 
0.333 Ib. per i-hp-hr. 

This paper is a welcome contribution toward the rational 
analysis of oil-engine performance, but there is a great deal to be 
done before the goal of a standardized method of power rating is 
attained. 


J. Kurrner.” A welcome improvement in the method for 
0 Editor, Oil Engine Power, New York, N. Y. Mem. A.S.M.E. 


dealing with Diesel-engine data on friction load and rating has 
been outlined by Mr. Nonnenbruch. The procedure which he 
has evolved may be expected to serve as a labor-saving device 
in appraising test results from a variety of engines. To what 
extent it will become generally adopted is difficult to estimate at 
present; on the other hand, there can be little doubt that many 
engineers specializing in this line of work will make use of it merely 
to save their own time. 

The older method for determining friction load independently 
of indicator cards consisted of plotting gross fuel consumption 
in pounds per hour against load and of extending the line thus 
obtained backward to the negative side of the load scale (Fig. 
14); the reading at the intersection was then considered to be the 
friction load in horsepower to which the engine in question was 
subject. This older method was also based on the assumption 
that the friction load of a Diesel engine is constant, at least over 
its lower load range, as may be readily proved. A certain number 
of tests from which gross pounds per hour have been plotted 
against load have yielded lines of surprising straightness for this 


fuel, Lb per Nour 


friction Load Friction Load 


Fig. 14 Gross Pounps per Hour Piorrep AGarinst Loap, Fric- 
TION Loap AssUMED CONSTANT 


function. If the engine under consideration had no friction load 
it would pass through the origin (Fig. 14), but the effect of 
friction is to shift the line to the left by an amount corresponding 
to the friction horsepower (a). All points on the line are naturally 
shifted to the left by an equal amount b, in harmony with the 
idea that the friction drag on the engine is constant and independ- 
ent of the load. For a complete proof of the correctness of this 
view, it would also be necessary to show that indicated efficiency 
of the engine does not vary over the low-load range and that the 
quantity of fuel whose energy balances friction work remains 
unaffected by variations in heat conditions accompanying load 
changes. 

Unreliability in the indicator cards on which Mr. Nonnen- 
bruch bases his case seems improbable on account of the excellent 
scientific sources from which he has drawn them. However, in 
order to eliminate questions of authority the probable deviation 
of the m.i.p. measurements was computed by applying the usual 
least-square rule. The average friction m.e.p. was obtained by 
subtracting and averaging corresponding indicated and effective 
pressures in Table 1 of Mr. Nonnenbruch’s paper, with the 
following results: 


m.e.p. m.i—p.—m.e.p. Deviation of the mean 


17.5 16.7 2.58 
34.5 19.7 1.48 
54.1 19.0 0.72 
72.5 19.0 0.72 
80.8 18.0 0.28 
90.2 17.0 0.98 


Average 18.28 1.13 Average deviation 


1.13 + V6 = 0.46 lb. per sq. in. probable deviation. 
It will be noted that the degree of confidence to be placed in 
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the figure 18.28, the friction mean effective pressure, is high. 
Its average deviation from the individual values on which it is 
based is only 1.13 lb. per sq. in. But according to the theory of 
probability, the amount by which the figure 18.28 is likely to be 
wrong in an actual case is 1/./n times as small as the average 
deviation, n being the number of individual values entering into 
the average. Dividing 1.13 by 1/6 gives 0.46 lb. per sq. in. as 
the probable error of the measurement, which is not quite 3 
per cent. This degree of precision hardly requires further com- 
ment. 

According to the theoretical formulas, indicated efficiency 
should be constant only for the Otto or constant-volume cycle. 


The efficiency Ez of the Diesel cycle, however, involves the 
“cut-off” ratio z which is the quotient of cylinder volume at the 
end of combustion divided by the clearance volume. In the 
constant-volume engine this ratio is of course unity because the 
volume at the end of combustion is the same as the clearance 
volume. Formula (1) is transformed into the Diesel-engine for- 
mula simply as the result of multiplying its right-hand member by 
an expression containing z. 


The smaller the value of z, the more nearly the Diesel process 
approaches the Otto cycle and when z = 1 the expressions for the 
two efficiencies become identical. However, the variation in 
efficiency shown by the Diesel formula is not considered to signify 
much as far as the low load ranges are concerned, particularly as 
the empirical information which contradicts it is of superior prag- 
matic value. At all events, it is certain that the effect of the 
quantity z characteristic of the Diesel process becomes negligible 
quite rapidly as its value approaches unity. Finally, it has been 
observed that the no-load and light-load indicator cards of prac- 
tically all Diesel engines are distinctly “‘peaked,”’ the resemblance 
to the constant-volume card growing more pronounced as the 
load diminishes. 

The straight-line method of determining friction load was used 
by Professor Romberg (‘‘Dieselmaschinen III,” p. 95, Fig. 12), 
and it is interesting to note that it yields a value agreeing closely 
with that obtained by Mr. Nonnenbruch by the use of his method 
on the same test data. The point at which Professor Romberg’s 
straight line, representing gross fuel consumption, crosses the 
negative load scale is 107.5 metric horsepower, equivalent to 106 
British horsepower, and 18.57 lb. per sq. in. mean effective pressure. 
Mr. Nonnenbruch finds 18.0 lb. per sq. in., but it is believed that 
the difference in the decimal is due rather to his desire to use 
only as many significant figures as the precision of the entire 
procedure warrants, rather than to a more fundamental dis- 
crepancy. 

In many cases, the older system of plotting a line showing gross 
pounds of fuel per hour was found frequently to curve as it ap- 
proached zero load, so that it was necessary to draw some tangent 
to it or to continue it as a straight line until it intersected the line 
of zero pounds per hour. Needless to say, such indefiniteness 
made a good many engineers cautious toward the generalization 
that friction load is constant, but there is good reason for believing 
that the curvature of the line is frequently the result of errors. 
The two quantities required for plotting the line are hourly 
weights of fuel and brake load, the assumption also being fre- 
quently made that the governor permits no substantial speed 
variation. Prony brakes or other forms of absorption dynamom- 
eters are apt to have large errors when they are used to measure 
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loads equivalent to only a few per cent of their capacity. Further 
disturbances of the line are also frequently caused by failure to 
correct for the increase in engine r.p.m. as the load falls off, par- 
ticularly when the governor is designed to function over a con- 
siderable speed range. 

Mr. Nonnenbruch adds an item of information which does 
much to offset possible curvature of the line near the point of 
zero brake load: his observation that fuel consumption per 
i.hp-hr. is constant at 0.28 Ib. fixes the slope of the line and adds 
greatly to the certainty with which the missing portion to the 
left of the origin can be drawn in. When curvature is present 
and the slope is not known, it is nearly impossible to obtain a 
reliable intersection on the zero axis. Hence the dependability 
of Mr. Nonnenbruch’s method is seen to hinge on his figure for 
light-load fuel consumption per i.hp-hr. All will admit that the 
agreement of the tests which he cites on 0.28 Ib. is remarkable and 
it is not expected that this figure would be changed much as the 
result of examining a large number of additional well-authenti- 
cated tests. Moreover, it is reasonable, in view of what has been 
said in an earlier paragraph of this discussion, that efficiency and 
fuel consumption should standardize itself the more completely 
the more the load is decreased and the more the Diesel cycle ap- 
proaches the Otto. It will be noted that the Otto-cycle efficiency 
of an engine with 12.5 compression ratio and 1.36 average poly- 
tropic exponent is 50.4 per cent (Formula 1). At the same time 
the thermal efficiency corresponding to the consumption of 0.28 
lb. fuel of 18,000 B.t.u. lower heating value per i.hp-hr. is 50.5'per 
cent. Although this is only an approximation uncorrected for 
variation in specific heat, the agreement of the figures is consid- 
ered significant. Consistency for the 0.28 figure may also be 
expected because it refers to indicated power, which is, after all, 
the first manifestation of fuel energy capable of measurement. 
All factors considered, there appears to be good ground for ac- 
cepting Mr. Nonnenbruch’s procedure of extrapolating engine 
test data on the basis of a fixed light-load fuel consumption per 
i.hp-hr. 

The new idea which the paper describes in regard to standard- 
izing engine ratings on the basis of i.hp-hr. fuel consumption 
commands attention, not so much because of the agreement 
found in the test data of the engines which are cited, as because 
of the inherent reasonableness of a procedure of this general 
nature. It is considered much more likely that agreement, if 
ever, will be found in regard to indicated power, in view of the 
fact that this is a clear-cut quantity, not subject to the vagaries 
of friction and lubrication. It is the first measurable starting 
point from which the delivery of power through the engine 
mechanism proceeds, and if agreement could be found on it 
the battle for rating standardization would be well on its way. 


HERMANN Lemp.'! The author, Mr. Nonnenbruch, is to be 
congratulated upon the painstaking analysis of reliable Diesel- 
engine performances and the deductions drawn therefrom to 
facilitate future comparisons, when no indicator cards are avail- 
able. 

That the friction load is in all cases substantially constant over 
the whole load range, the writer has accepted for some time, in 
connection with oil engines of G. E. make, but he is grateful to 
Mr. Nonnenbruch for having checked up from engines of so 
many different types, authentically tested. In his treatment of 
the subject, he classes all contributing factors making up the differ- 
ence between indicated horsepower and brake horsepower as 
friction, and the ratio as ‘“‘mechanical efficiency.” 

Standard European practice is, I believe, at variance with this. 
A distinction is drawn between real engine friction and work done 
in air-injection engines for compressing air. The mechanical ef- 
~ ii Consulting Engineer, Ingersoll-Rand Co., New York, N. Y. 
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ficiency excludes the work for compressing air, and when it is 
included, the term “commercial efficiency” is used. Personally, 
the writer agrees with the author’s attitude of including all engine- 
driven auxiliaries under the head of ‘‘friction’’ because, after all, 
a customer when buying an engine is not interested in the means 
required to deliver a brake horsepower but the fuel and mainte- 
nance cost for producing it. 

If a solid fuel injection engine loses a little thermodynamically 
but does more than make up the loss by a higher commercial 
efficiency, it is entitled to the sum total of gain made. 

The writer is therefore willing to accept mechanical efficiency 
for commercial efficiency and include air compressor losses in 
“friction.” 

The procedure then proposed by Mr. Nonnenbruch is to use 
brake- and corresponding fuel-consumption tests as a basis for 
deriving therefrom indicated horsepower curves and fuel con- 
sumption per indicated horsepower and finally use the latter as 
a standard of comparison. 

The determination of the mean effective pressure, as derived 
from the brake horsepower, is the initial step. Throughout the 
paper, Mr. Nonnenbruch calls the brake mean effective pressure 
m.e.p. or only m.p. and denotes the mean effective pressure 
when obtained by indicator, as m.i.p. 


Per Cent 


25% 50% 75% 100% 
7 1.40 
140 
13 1.30 1 
0 
100 1.00 = 
©, 
t 0.80 
| 
0 HOY | a 
5 60 ps 0.60 
> 4 
0.40% 
a 
20 0.20 5 
+ + + le 


© 10 20 30 40 50 60 70 80 90 !001I0 120 130 140 '50 160 
Kilowatts Delivered 


Fie. 15 Curves 


Since we are trying to standardize methods of expression, the 
writer suggests that m.e.p. be used as it always has been used in 
textbooks, namely, the mean effective pressure used in connection 
with indicated horsepower, and when we wish to express the mean 
effective pressure when derived from brake horsepower delivered, 
to use the shorter term ‘‘mean pressure,” or m.p. The latter being 
always smaller than the former, graphically justifies the shorter 
term. Now the m.p. of a four-cycle engine can be readily ascer- 
tained from a brake test of an engine whose bore, stroke, and speed 
are known by a very simple formula: m.p. = 1,008,403 hp./ 
SDN, or, for short, 1,000,000/SD*nN, where S = stroke of pis- 
tons in inches, D = diameter of pistons in inches, n = number of 
rev. per min., and N = number of pistons. For a two-cycle 
engine multiply the denominator by 2. 

The m.p. of an engine as found by the simple formula has been 
used by the writer since 1905 as a means for comparing quickly 
the relative value of two internal-combustion engines. The 
higher the m.p. the better the engine, all other conditions being 
equal. But as Mr. Nonnenbruch remarks in his conclusion, 
“The fuel consumption per b.hp. rests on two factors:’”’ (1) Con- 


sumption in lb. per i.hp-hr., which expresses the efficiency of 
combustion, and (2) the friction losses which may be expressed 
in mean pressure and which show the mechanical efficiency. 
This means that fuel consumption per b.hp-hr. or i.hp-hr. 
must be considered as well. 

Perhaps it would be of interest to know how the same con- 
clusion is arrived at in a somewhat different way, which is based 
upon observations confirmed by Mr. Nonnenbruch’s statement 
that the friction remains substantially the same over a wide 
variation of load. 

Alfred D. Blake published in the May 23, 1926, issue of Power 
a description of a two-cycle high-speed Diesel-electric unit of 
150 kw. (217 b.hp.) capacity built by the General Electric Com- 
pany at Erie, Pa., for the U.S. Government. In this description, 
fuel-consumption curves are shown made out somewhat differ- 
ently from accepted practice. In addition to the conventional 
curve showing the pounds of fuel used per kilowatt hour, delivered 
on respective 25 per cent, 50 per cent, 75 per cent, and 100 per cent 
loads, another fuel curve is shown, giving the total pounds of 
fuel per hour burned under the above loads. This is reproduced 
in Fig. 15. If from 0 load, a tangent to this curve is drawn, be- 
ginning at the left where it reads 37 lb., this tangent will intersect 
the 100 per cent (full load) line at 95 lb. From these readings: 


Indicated horsepower = 95 lb. = 100 per cent 
Friction 37 lb. = 39 per cent 
Useful work = 58 lb. = 61 per cent 


The last term represents the commercial efficiency. A very 
complete set of tests made by motoring the engine with and with- 
out scavenging pump, air compressor, etc., and checked with indi- 
cator cards, established the commercial efficiency as 61 per 
cent, thereby confirming the simpler method based upon fuel- 
consumption readings. 

Since 61 per cent represents 217 brake horsepower by propor- 
tion, we obtain 356 indicated horsepower and 139 indicated horse- 
power total friction. In other words, by running an engine at 
constant speed, plotting a total fuel consumption per hour curve 
from 0 to full load and drawing a tangent to it beginning at no 
load the following values can be determined: (1) the m.e.p., 
(2) the m.p., (3) the b.hp., (4) the i.-hp., (5) the friction, (6) the 
commercial efficiency, (7) lb. of fuel per b.hp-hr., and (8) lb. 
of fuel per i.-hp-hr. Mr. Nonnenbruch’s paper gave me the novel 
information that the fuel consumption per indicated horsepower 
at low values is 0.28 lb. By checking the 25 per cent output on 
the G. E. engine, I find the value to be 0.276 lb., which is near 
enough. I agree with the general conclusions arrived at by Mr. 
Nonnenbruch and consider his paper a valuable contribution. 


C. 8S. Kenworrtny.'? It is true that in the cases cited by the 
author from Fig. 1 to Fig. 6 the results indicate that the friction 
m.i.p. is constant over the entire load range. However, this is 
not necessarily true on all engines. In the case of air-injection 
engines, especially where more or less air is blown off from the 
air compressor in order to regulate the spray air, the friction load 
can change considerably from no load to full load. 

Speaking of Fig. 1, the author says, “If this curve is continued 
to the left, as shown by the dotted line, it cuts the m.i.p. line at 
the axis of abscissas, which is logical, because zero fuel would pro- 
duce zero indicated mean effective pressure.” The curve does 
not necessarily intersect the abscissa at this point, for if the spray 
is poorly atomized, the actual curves will lie above the curves 
drawn by the author, by the amount of the unburned fuel. 

The author also states, ‘“The coincidence of the left parts of the 
curves simply shows that the indicated fuel consumption at light 


12 Worthington Pump and Machinery Corp., Buffalo, N. Y. 
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loads approaches very nearly the same value for all engines, 
namely, 0.28 lb. per i-hp-hr.”” Among the six engines used as 
a basis for this theory, there are four air-injection and two solid- 
injection types. Of the two latter, the Krupp engine checks 
with the theory, but the M.A.N. engine shows a 0.31 to 0.32 fuel 
consumption at the light loads. The fact that the air-injection 
engines check fairly closely is not surprising, as the average air- 
injection engine does not vary much from 0.28 at light loads. 
However, solid-injection engines do vary widely from 0.28 and the 
assumption that all Diesel engines have an indicated fuel con- 
sumption of 0.28 at light loads is wrong. 

The consumption at light loads in an actual engine depends 
upon the degree of atomization of the fuel, the freedom from 
dribbling, the perfectness of scavenging and many other things. 
If, as in a poorly designed two-cycle engine, the scavenging is 
not good, the exhaust gases are mixed with the fresh air blown 
into the cylinder. It is impossible under these circumstances 
to get as good combustion, even at very light loads, as could be 
obtained with perfect scavenging. The combustion cannot fail 
to be slower in a medium of air and exhaust gas than it is in pure 
air, whether it be a small amount of oil burned or a large amount. 

In Fig. 9 it is very apparent that the slope of the fuel curve 
does not even approach and yet the 

100 m.i.p. 
curve is completed by extending it to the abscissa with this slope. 
The result is rather ridiculous. In Fig. 9 we have a solid-injec- 
tion, four-cycle engine with 30 friction m.e.p., and in Fig. 8 an air- 
injection, four-cycle engine with only 20 friction m.e.p. Can any 
one believe that the extra 10 m.e.p. is due to the higher speed in 
spite of the absence of the air compressor? 

In his conclusions, the author draws attention to the especially 
high mechanical efficiency of 78.5 per cent for the air-injection 
engine of Fig. 8. The low mechanical efficiency of 70 per cent 
at 70 m.e.p. for Fig. 9 is just as noticeable for its unreasonableness. 

Why these irregularities? The whole hypothesis upon which 
the system is based is wrong. The light load indicated fuel con- 
sumptions for Fig. 9, instead of being around 0.28, are actually 
very much higher, probably around 0.33 or 0.34, and yet according 
to the system introduced in the paper, one immediately assumes 
that it is only 0.28 and completes the curve. 

Engines of different makes in actual operation, either on the 
test bed or in the field, vary as to friction m.e.p. and also as to 
indicated fuel consumption even at light loads. The author 
by his assumptions gets a friction m.e.p. which varies greatly 
from the actual. 

By assuming a 0.28 fuel consumption up to a m.i.p. of 50 or 60 
he quite naturally gets somewhere near a 0.315 indicated fuel 
consumption at the rated horsepower; for the ordinary fuel con- 
sumption at full load, the average engine will not change more 
than two to four points from 50 m.i.p. to its full load rating. 

Fig. 11 shows that the indicated consumption at light loads 
approaches 0.28 for all of the engines. Why shouldn’t it? The 
author assumed it when he drew the dotted lines to complete 
the fuel per hour curves. The curves in Fig. 11 cannot help but 
come down to 0.28 at light loads. 

To sum up, the author by his method takes several engines 
and makes the curves show a 0.28 fuel consumption at light loads, 
which in turn gives somewhere near a 0.315 at the rated load. 
Now, in comparing these engines, the difference in the perform- 
ance of the engines at their rated load and in the brake fuel con- 
sumption must all be explained by the difference in friction m.e.p. 
Actually, a large part of the difference is in the indicated fuel 
consumption. 

In conclusion, close to one hundred engines of the type from 
which Fig. 8 was obtained have been tested under the writer’s 
personal supervision and the friction m.e.p. obtained from accu- 


rate indicator cards is 26 to 28, and the indicated consumption is 
about 0.29 at 70 m.e.p. The author by his method has obtained 
a friction m.e.p. of only 20 and an indicated fuel consumption of 
0.315. 


F. H. Durcuer.'* In Mr. Nonnenbruch’s paper additional 
proof is given that (a) the friction of an oil engine is constant, 
regardless of load; (b) that the indicated thermal efficiency of a 
Diesel engine is substantially constant, but drops slightly with 
increased load; (c) that the indicated thermal efficiency of an 
injection oil engine, operating under combustion which is mainly 
of the constant volume, or Otto cycle, is substantially constant 
and higher than that of the constant-pressure or Diesel-cycle 
engine, and (d) that the indicated thermal efficiency of an injec- 
tion oil engine may range between the figures for Diesel- and Otto- 
cycle engines, and this is most likely for solid-injection engines, 
but is possible for air-injection engines not properly timed. 

The best exposition of the facts stated as (a) and (b) above, was 
made in December, 1924, by Dr. C. E. Lucke in his paper ‘‘Large 
Oil Engines.” In his paper, Dr. Lucke pointed out that the mean 
friction pressure for a given type of engine mechanism is constant 
regardless of size or load; that variations in engine-mechanism 
type necessarily cause a difference in mean-friction pressure, 
type for type, and that the indicated thermal efficiency for 
Diesel engines when plotted against i.m.p. always lies on a straight 
line, parallel to and somewhat below a similar line for air-card 
thermal efficiency. 

If the test results of a given engine are plotted, i.m.p. versus 
b.m.p., it will be seen that the points lie about a straight line, 
the i.m.p. intercept of which is the mean-friction pressure of the 
engine. As has been already pointed out by Dr. Lucke, investiga- 
tion of a great number of engines of various types showed that 
for each type there is a mean friction-pressure characteristic of 
that type, and the friction of one mechanism type is consistently 
related to that of another. 

Referring to Mr. Nonnenbruch’s paper, this fact is well brought 
out. However, regarding his reported indicated thermal effi- 
ciencies, there are some very interesting figures. 

It is, of course, regrettable that the tests on the German engines 
were reported only on a basis of low-heating value, the more es- 
pecially since the accepted American standard and also the test 
code of the A.S.M.E. call for the high-heating value. This, 
however, has been a common way of reporting European tests, 
but it is of interest to note that at the present time there is reason 
to believe that European test codes will be brought into line with 
American practice by adoption of the high value. 

It is possible in this connection to make an assumption for 
high-heating value of the fuel which will not be too far wrong, and 
if the figure 18,660 B.t.u. per pound is used, and the indicated 
thermal efficiencies plotted against i.m.p., it will be seen that in 
practically every case the lines do not parallel the Diesel air- 
card efficiency, and in several cases are not straight. 

This would seem to show that the combustion conditions in 
the reported engines are either not uniformly Diesel in type but 
vary with load, and from the high ratio of observed to Diesel 
air-card efficiencies, more nearly of the constant-volume or 
Otto-cycle type than of the constant-pressure or Diesel type. 

It is, therefore, believed that Mr. Nonnenbruch is not justified 
in making any assumption for full-load indicated-thermal effi- 
ciency for an oil engine, unless it can be definitely shown that 
such engine has a combustion characteristic that is constant 
throughout its range, and of a type that permits of comparison 
with an accepted standard, either Diesel or Otto, but not partly 
one and partly the other. 


13 Instructor, Department of Mechanical Engineering, Columbia 
University, New York, N. Y. 
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A. Niaceu.'* The discussion of Mr. Nonnenbruch regarding 
the magnitude of no-load mean pressure closes with the remark, 
that because of the great variation in values of the pressure, the 
derivation of any kind of a law relation between its variation as 
a direct function of the mean pressure is impossible. From many 
tests which have been carried out by various investigators in 
Germany, it has been established that a no-load mean pressure 
varies inversely as the mean pressure. On the other hand, its 


value is directly proportional to V pe Where p- is the end-compres- 
sion pressure so that it is proportional to a constant given by the 
type of engine used and can be determined from tests. It is 
also desirable to connect the value of p- with the compression 


ratio e which gives pp = C V pe. 


Fic. 16 CALCULATION 


(nm = Ne/(Ne+ No). Bem X 


Bi = Benm grams per hp-hr. ) 

As long, however, as the value of mean pressure at no load can- 
not be determined purely by calculation and we have to use a 
graphical determination thereof in order to arrive at the values 
of indicated fuel consumption, the writer recommends the use 
of the process given by Romberg (Diesel Maschinen, vol. III, 
p. 95) for the determination of mechanical efficiency. Having 
these determined, one can then either determine directly the indi- 
cated fuel consumption where one does not care particularly about 
the determination of pem and pim, or can determine by the usual 
output formula the values of pem and pi» and from this can de- 
pe X Be 


termine Bi = The advantage of this process lies in 


pi 
the fact that to determine fuel consumption by measurement, it 
is not necessary first to determine the specific consumption, the 
mean pressure and the product of the two by calculation, but 
that by plotting the directly measured values of kg. per hr. over 
Ne (see Fig. 16) extrapolation of the curve over Ne = 0 gives the 
frictional output No at the intersection with the abscissae, and 
by using 7m, all the other values are found. Only two curves 
have to be drawn in this graphical process. 
For purposes of comparison of fuel consumption in various 


14 Prof. Dr. Ing., Sachsische Technische Hochschule, Dresden, 
Germany. Mem. A.S.M.E. 


engine types the presentation of fuel consumption as a function 
of mean pressure, such as has been made by Nonnenbruch, is very 
illuminating and for such a purpose more useful than the method 
proposed above of plotting it over the effective output, the latter 
being suitable for a quicker derivation of special consumption 
values. Nevertheless, it is preferable to deal with effective values 
instead of indicated values so long as one is not dealing only 
with the determination of consumption at full load and no load 
as in Fig. 11 of the original paper. 

The determination of the indicated-fuel consumption in the 
first place has a purely scientific value in that it permits one to 
determine the thermodynamic utilization of the fuel in a given 
engine type. For practical acceptance tests, on the other hand, 
the only thing necessary is to have fuel consumption in terms 
of useful output. Should it be desired in the course of scientific 
investigations to determine the indicated-fuel consumption and 
indicated pressure of engines with an average speed up to, say, 
400 r.p.m., notwithstanding the availability of this simple 
method, one cannot give up completely the control of the working 
process by means of the indicator diagram. The use of the indi- 
cator diagram as well as the indicated-fuel consumption not only 
permits one to discover the presence of certain disturbances, or 
poor working of the engine, but enables quickly to localize such 
causes as excessive early exhaust after combustion, leaky valves, 
etc. In dealing, however, with high-speed engines, where hither- 
to it has been proved feasible to obtain indicator cards without 
very complicated apparatus, then the method described by Mr. 
Nonnenbruch or the one set forth above offers a desirable means 
for determining the character of the output. 


WituiaM Riexm.” This method for determining the indicated 
output and indicated-fuel consumption from brake-test data has 
been used by the M.A.N. engine works for a long time and has 
given good and useful data. In fact, it was found that in nearly 
all machines, the indicated and effective pressure are connected 
by a straight-line law, which means that the work of friction is 
very nearly independent of the output of the machine. There- 
fore, the paper and its conclusions are thoroughly satisfactory. 


AUTHOR’s CLOSURE 


All contributors to the discussion have stated facts and views 
so clearly that no further comments by the author are necessary. 
The flaws brought out in the discussion no doubt exist, but do not 
prevent the successful practical application of the method, which 
has been used to such advantage that an effort was made in the 
present paper to generalize it and justify it theoretically. 


18 Dr. Ing., M.A.N. Works, Augsburg, Germany. 
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Maintenance and Repair of Marine 
Diesel Engines 


By LOUIS R. FORD,' BROOKLYN, N. Y. 


the past ten years in the development of the marine Diesel 

engine, and the extent of its application, in various forms, 
to the propulsion of ships is probably difficult of realization by 
those who do not make frequent contact with shipping. Today 
there is practically no type of self-propelled vessel in which Diesel 
engines have not been installed or for which such installation has 
not been planned. The forms in which applications to the various 
types of service are made include direct drive of propeller; direct 
drive of paddle wheels; indirect drive using the Diesel-electric 
system; indirect, geared-Diesel drive; drive through hydraulic- 
magnetic, jaw, or friction clutches; drive through reversing 
clutches; and drive through the intermediary of chains and 
sprockets. 

It was only a short time ago that general opinion had the 
limits of the field of application of the marine Diesel engine defi- 
nitely defined. The upper limit was the comparatively slow 
cargo boat of 10,000 to 12,000 tons deadweight, requiring not 
more than 3000 shaft horsepower. Beyond that limit the field 
was exclusively that of steam, applied through either reciprocat- 
ing engines or turbines. The lower limit was the heavy work- 
boat, in which a very heavy, slow-turning Diesel of not less than 
150 s.hp. could be used. Below that the only alternative was 
the light, high-speed gasoline engine. After this fairly sharp de- 
limitation was all nicely arranged, the situation was thrown into 
some confusion in 1925 by the placing in service of the MS. 
Aorangi, a palatial passenger liner of 17,491 tons, fitted with four 
Diesel engines developing a total of 13,000 s.hp. that gave the 
vessel a sustained speed of 17 knots. 

This vessel was an unqualified success and it was rapidly fol- 
lowed by larger and more powerful passenger liners. The 
Saturnia and Vulcania, operating on regular schedule out of New 
York, are equipped with supercharged, double-acting Diesel 
engines capable of developing 24,000 s.hp. The upper limit in 
the marine field seems to have been removed entirely by the 
serious consideration that is now being given by the White Star 
Line to the proposal to install Diesel drive in its new passenger 
liner Oceanic, the largest in the world, now under construction. 

At the other end of the scale similar progress beyond the limits 
of what appeared to be a pretty definitely restricted field has oc- 
curred, and intensive study of the possibilities of high speed, to- 
gether with improved metallurgy in reducing weight, is giving 
Diesel engines that are encroaching more and more on what was 
formerly considered the exclusive field of the gasoline engine. 

The situation that exists today is that a majority of the new 
ocean-going commercial vessels being built throughout the world 
are Diesel-engine driven. Harbor craft, such as tugs and work- 
boats, are being motorized in increasing numbers, and so com- 
pletely has the Diesel engine been accepted as the standard type 
of drive for pleasure yachts, that in new construction the steam 
yacht is almost an oddity. 

While the development outlined in the foregoing is gratifyingly 


! United Dry Docks, Inc., New York, N. Y. Mem. A.S.M.E. 
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extensive and has occurred with great rapidity, it is not the in- 
tention to convey the impression that the steam-propelled vessel 
is obsolete or that the steam-engine and boiler manufacturers are 
preparing to close up their shops. As a matter of fact, the great 
majority of the world’s ships are steam driven, and the advance- 
ments in steam engineering, such as the use of increasingly higher 
boiler pressures, that have resulted from the competition of the 
Diesel engine are giving steamships that are decidedly competi- 
tive, economically, with the best motorships. 

The great increase in the number of Diesel-engine-driven 
vessels has, however, become an important factor in the business 
of the ship-repair yards, where it has had a profound influence in 
modifying old and stimulating the development of new method 
and procedure. Maintenance and repair of ships and their ma- 
chinery is essentially a shipyard function, because the watch- 
keeping requirements and lack of adequate facilities on board 
ship limit the engine-room personnel to comparatively minor 
maintenance work. The ship-repair yard, then, offers a very good 
point of contact where accurate and comprehensive information 
regarding structural details, operative requirements, and com- 
parative performance of miscellaneous designs can be obtained. 

A large ship-repair organization will be called upon to render 
service to several thousand ships each year, and among these 
will be vessels of all nationalities, all sizes, having all types of 
machinery. The great increase in the number of motorships has 
resulted in a growing percentage of such ships in the total number 
of vessels that must be serviced each year, and the work carried out 
will vary from the replacement of some minor part to the co m- 
plete rebuilding of the entire power plant. 

Experience has developed the fact that for work on the marine 
Diesel engine, especially for fitting up and assembly on board 
ship, machinists with rather special qualifications are required. 
The ordinary requirement, skill in mechanical work, should be sup- 
plemented by thoroughness, patience, and dependability, as well 
as by some understanding of the fundamental differences in the 
nature and functions of the elements of the Diesel and steam 
plants. 

The necessity for thoroughness arises from the fact that it is 
not practicable constantly to supervise the work of each indi- 
vidual, and is illustrated by an extensive repair job to a piston 
cooling service recently executed by the author. In this case 
the brackets supporting the swinging pipes used for conveying 
cooling oil to and from the pistons were secured by studs with 
castellated nuts, the usual hole being provided in the stud for 
inserting a cotter pin. During assembly at the works of the 
builder the castellations on some of the nuts did not line up with 
the holes, and the nuts were backed off by a careless workman until 
the cotter pins could be inserted. This left several nuts loose, 
and during operation of the engine at sea the brackets carried 
away, causing the heavy swinging arms to smash things up pretty 
badly before the engine could be stopped. Aside from the possi- 
bilities of breakage such as this, lack of thoroughness may necessi- 
tate some very expensive work to correct some very minor de- 
fect that is buried in the accessory structure of the engine. 

During recent installation of a new engine, a preliminary test 
of air lines after erection disclosed a leak at the junction of the 
high-stage compressor discharge pipe and the aftercooler coil. 
Investigation disclosed that the small collar on the end of the 
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copper pipe of which the coil was formed was brazed only on one 
side. The actual brazing needed to correct this defect required 
only about 30 min. in the shop, but so much of the engine structure 
had to be dismantled to get the coil out that it required four men 
working three days to remove and replace it. 

Most shipyard work is done on a contract basis, with the time 
and price agreed upon in advance, and failure to complete the 
work within the agreed time usually involves a heavy demurrage 
charge against the yard. The preparation of cost estimates is 
a very important function of the shipyard organization, and in 
the case of the motorship it involves difficulties not associated 
with the usual steamship work. 

The construction of the steam engine, the steam boiler, and 
the steam turbine and their arrangement in ships are standard- 
ized sufficiently to permit standardizing many repair operations 
on them, and reducing to a standardized basis the cost estimating 
for these operations. A simple formula can be developed for de- 
termining the cost of reboring a cylinder on a steam engine, and 
the cost of many other operations on steamship machinery can be 


worst thing that can be said about an engine is that some part 
on it is exactly like a similar part on some one else’s engine. 
Even in the case of engines built under license agreement, the 
licensee usually introduces a large number of changes in design 
of minor parts. For example, it is hardly safe to base estimates 
for repairs to a British-built Burmeister & Wain engine on draw- 
ings obtained from the original designers in Denmark. Fuel 
valves and fuel pumps seem to be the objects of the greatest 
amount of study and more or less ingenious rearrangement. 
The basic functions of all fuel-injection valves are the same and 
there is a fundamental similarity in the construction of all of 
them, but the multitude of variations in details is astonishing. 
Apparently to every one associated with Diesel engines, whether 
that association be as designer, builder, operator, or innocent by- 
stander, there comes the urge at some time to design at least 
one fuel-injection valve or fuel pump that will be different from 
all others. 

The net effect of this general lack of uniformity in Diesel- 
engine construction, from the estimator’s point of view, is to 
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estimated from dimensional data without actualiy surveying the 
ship. 

A different situation exists when considering repairs to motor- 
ship machinery. Here we find a most troublesome lack of finality 
or permanence in design. To the repair man, it appears that no 
Diesel-engine design ever stays put. It is true that some engine 
builders have achieved a certain degree of standardization, such 
as adopting a standard cylinder size and making up different 
engines by assembling different numbers of cylinders, but it is 
the minor or accessory parts that cause the most trouble. It is 
seldom that even sister ships, built to one order by the same 
builder, have machinery that is exactly alike in every detail. 
An example of this is a crankshaft job carried out by the author. 
The coupling bolt holes in the crankshaft of a 5000-hp. engine had 
to be reamed and new bolts, about 4 in. in diameter, fitted. A 
special set of reamers and a special machine to drive them were 
manufactured. Shortly afterward the engine of a sister ship, 
apparently a duplicate of the first, required the same job, but after 
the work was started it was found that the couplings on the 
second engine, instead of having straight holes as had the first one, 
were fitted with tapered bolts. This necessitated manufacture of 
a second set of special reamers at a cost of about $200. 

Such variations in details of construction or arrangement of 
parts often have a legitimate reason, resulting from the unusually 
rapid advance in the art of Diesel-engine design or from ex- 
perience with similar engines in service, but just as often it repre- 
sents the yearning to express individuality that every designer 
seems to feel. Many seem to be obsessed by the idea that the 
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increase the hazards of cost estimating. If such estimating is 
to be done intelligently so that the motorship owner will receive 
the benefit of low repair costs and the shipyard have reasonable 
assurance against loss, it is essential that specialized knowledge 
of past and current Diesel-engine design and construction be 
available to the estimators. The necessary workmen of the 
specialized type previously mentioned can be developed by assign- 
ing selected men to Diesel repair work, using them on other work 
only when the characteristically fluctuating volume of shipyard 
work makes it necessary. 

Motorship repairs, in general, may be grouped into three 
classes as follows: (1) maintenance repairs, or those resulting 
from ordinary wear and tear in service; (2) repairs required as « 
result of faulty design, or changes due to improvement in design ; 
and (3) repairs required as a result of accident, stress of weather, 
or other unusual conditions. To these might be added another 
classification less clearly defined, namely, unnecessary repairs—- 
unnecessary in the sense that the need for them arises from pre- 
ventable causes. One of the most common sort of jobs in this 
latter class is the repair or replacement of cylinder heads, liners, 
and pistons that have cracked as a result of accumulation of 
scale and sediment in the cooling-water spaces. Fig. 1 shows 
the two halves of a large cylinder head that cracked from this 
cause and was subsequently sawed in two for examination. At 
point A, diametrically opposite the cooling-water inlet and di- 
rectly under the restricted outlet opening, the water space is 
almost completely choked by a mass of sediment, and nowhere 
over the entire surface of the water space was less than '/, in. 
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of scale and sediment formed. Even the most casual considera- 
tion of the laws of heat flow causes one to marvel at the punish- 
ment this head withstood before it cracked. 

In this case the construction of the head made it rather diffi- 
cult to clean, although not impossible, but another case was 
brought to the author’s attention where a cylinder head cracked, 
although it was on an engine the manufacturers of which went to 
unusual length in designing a head that would be readily accessible 
in all parts for cleaning. Examination of this head showed the 
water space to be almost entirely filled with hard scale. Experi- 
ence with many cases similar to these two has convinced the 
author that keeping the water sides of heat-transmitting parts free 
from insulating deposits of scale, sediment, grease, and rust does 
not receive the attention it deserves from either engine builders or 
engine users. Periodical and thorough cleaning of all water 
jackets, whether the cooling water be fresh or salt, should be just 
as much of a routine procedure on the motorship as periodical 
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boiler cleaning is on the steamship. In fact, the whole subject 
of what may be termed “preventive treatment” should receive 
more attention than it does. Warning as to the necessity for 
careful attention to lubrication may seem to partake of redun- 
dancy, yet a surprisingly large part of repair-yard work on Diesel 
engines consists of renewals of small pins and bushings that be- 
come worn as a result of inadequate lubrication. 

Engine builders have done much and can do more in the way of 
making special provisions to facilitate inspections, cleaning, and 
other preventive measures, but something else is needed. The 
example cited of the cylinder head that was allowed to fill up with 
scale, although a simple and easy means of access for cleaning was 
provided, indicates a not uncommon situation where well- 
thought-out protective devices are of no value because they are 
not used by the operator. It would seem that the interests of the 
engine builders would be well served if they went a step farther 
and prepared detailed schedules of routine inspections and 
overhaul, schedules of operating conditions to be maintained, 
supplied any special tools and instruments required by these 
schedules and, finally, insisted that such schedules and facilities 
be used. 

The nature of the repairs most commonly required in the three 
general classes previously listed, the character of some defects de- 
veloped, and some of the unusual or unexpected conditions that 
arise in service may best be brought out by considering in turn 
each of the principal engine elements. 


BEDPLATES 


Most bedplate troubles arise from the surprising flexibility of 
what is usually a massive structure of cast iron. An example of 
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this was the bed of a 500-hp. engine that had been carefully reset 
to correct an original misalignment. After accurate alignment 
was complete and the bed was resting on permanent steel chocks, 
the spaces between chocks was closed with wooden filler 
pieces, as is the usual custom in marine work. It was found that 
too thick a filler piece driven under the bed at about its center 
with an ordinary hand hammer bowed up the bed enough to throw 
the coupling on the end of the crankshaft measurably out of line. 

On three different Diesel-driven generator sets the armature 
shafts broke in service, and when dismantled it was found that the 
end of the bed supporting the outboard generator bearing was in 
each case bent upward nearly 3/, in. The holding-down bolts 
simply pulled the bed down to conform to the heights of the 
chocks, which were not lined up accurately. 

On another vessel a broken crankshaft was found to be due to 
misalignment caused by bending of the engine bed when a certain 
disposition of cargo caused the ship's hull to deflect in the way 
of the engine room. 


FRAMING 


Frames are subject to the same sort of deflection as the bed, and 
in many cases this deflection is caused by bending of the bed. 
Fig. 2 shows an arrangement used in one type of engine where two 
adjacent frames are joined by a heavy, box-section, fore-and-aft 
girder about four feet above the bed, this girder being utilized to 
support a walking beam for operating several pumps. When re- 
placing one of these girders that had cracked in service, great 
care was exercised to machine the faces of the flanges accurately 
so that the member, about five feet long, would be a snug fit 
between flanges on the frames. After it was in place and bolted 
at one end, a maximum clearance of 0.010 in. was found between 
flanges at the other end. Before the final bolting up was 
done some 500 tons of cargo had been loaded into the forehold, 
and a final measurement showed the clearance to have increased 
to 0.059 in. due to spreading apart of the frames. 


CYLINDERS 


Cylinders, or what may more precisely be termed cylinder jack- 
ets, give very little trouble, although on some of the older engines 
an occasional cracked cylinder will be found. Cylinder liners, 
however, are a prolific source of work for the repair yard. Liner 
casualties occur either from wear or cracks. Wear is a normal 
result of engine use, but it sometimes assumes abnormal propor- 
tions if operating conditions are not right. Of course, the liner 
material has some bearing on rate of wear in service and there 
is some variation in the quality of liner iron found in different 
makes of engines, but there is not enough variation to make this 
an important factor in differences in length of liner life found in 
service. What appears to be the most important factor is the fuel 
used. Some fuel will contain more abrasive impurities than others, 
but it is the author’s belief that all fuel oil, even the highest com- 
mercial grades, should be passed through a centrifuge before 
being used in the engine. An example of the value of the centri- 
fuge is the case of two sister ships of 2000 hp., attended by the 
author. After a trip around the world, both using the same kind 
of fuel, it was found that liner wear amounting in one cylinder to 
0.270 in. had occurred in one vessel, necessitating the renewal 
of that liner, while in the sister ship the maximum liner wear 
observed was 0.025 in. The difference is accounted for by the 
fact that in the first ship the fuel, which was very dirty, had been, 
during a portion of the voyage, used directly from the tanks, while 
in the second no fuel was used without centrifuging. 

Various estimates have been made as to what should be con- 
sidered normal length of life for a liner, and although there is wide 
divergence of opinion, experience seems to indicate five years as 
the average. We are learning more about how to make cast 
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iron that will withstand wear and yet not be too hard to machine 
easily. We can expect longer-lived liners in future engines. It 
is seldom that the repair yard is required to rebore Diesel-engine 
liners. Even though the liner be amply thick for reboring, the 
necessity for supplying an oversize piston after such reboring 
makes it cheaper to install a new liner. 

A troublesome feature of liner removal is the sticking of liners 
in the jackets, especially in two-cycle engines. Liners that are 


originally fitted so that they will drop into place in the jackets with 
little or no pressure, sometimes require from 200 to 300 tons 


Heaps 


The head is usually the most complicated casting on the 
engine, and as such suffers most from heat troubles. The usual 
head repair is welding of cracks. Both oxyacetylene and electric 
welding are used, but the former is preferred if the location of the 
crack will permit its use. If the crack is near the outer edge of 
the head, where expansion and contraction stresses can be ac- 
commodated, the gas welding can be used, but if the crack is near 
the center of the head or surrounded by unsymmetrical masses of 
metal, as is usually the case, electric welding must be resorted to. 
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hydraulic pressure to remove them. This is caused by the carbon 
or scale accumulation that gets into the seating. After this seal- 
ing deposit is once broken, no great pressure is required to move 
the liner the rest of the way. 

Cracked liners are encountered occasionally, but in practically 
every case cracking is due to no fault in the liner itself. It usu- 
ally results from piston seizure, and such seizure usually results 
from inadequate cooling of the piston. No attempt is ever made 
to repair cracked liners, renewal being the only remedy. That re- 
moval and replacement of a liner in the restricted space available 
in the motorship engine room involves difficulties is indicated by 
Fig. 3, which shows how the various parts must be removed and 
stowed to gain access to the liner. 


To make a successful head repair, electric welding must be done 
very skilfully and studding employed. Fig. 4 illustrates the 
method used where the crack was through the bridge between 
fuel-valve and exhaust-valve openings. After a wide V was cut 
to the bottom of the crack, holes were drilled and tapped for steel 
studs so that the studs interlaced as shown. The upper studs 
were then removed to give access to the bottom of the V, and weld- 
ing in of the new metal was started. As the V filled up, the upper 
studs were added, so that all studs were completely embedded in 
the completed weld. Where a weld crosses a valve-housing seat, 
as was the case with this one, great difficulty is experienced in 
machining the seat accurately, due to the cutting tool’s springing 
when it strikes the junction between new and old metal. This 


which cut the hard metal with ease. 


CRANKSHAFTS 


Breakage of crankshafts in years gone by was accepted as one 
of the hazards inherent in Diesel-engine operation, but at the 
present time such breakage is very unusual. Most repair work 
on crankshafts consists of refinishing pins and bearings that have 
become scored or worn, or correcting alignment of the shaft in its 
bearings. Whenever it is necessary to renew a broken shaft, it 
is found that breakage is due to misalignment or torsional vibra- 
tion. Wear of main bearings is more rapid in marine engines 
than in land engines. The more flexible nature of the structure 
on which the engine rests, as compared to the mass of concrete 
under the land engine, makes it more difficult to maintain a con- 
tinuously unbroken oil film between shaft and bearing box. 

Torsional vibration is becoming sufficiently well understood 
that its occurrence can be predicted with accuracy in new engines 
and steps taken to eliminate it. It is a much less common source 
of trouble than in former years, but it is found occasionally. An 
interesting case demonstrating the destructive effects of tor- 
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sional vibration is that of the crankshafts previously mentioned as 
requiring reaming of the coupling bolt holes. This occurred on a 
group of ships having crankshafts about 20 in. in diameter, turn- 
ing 87r.p.m. There was no noticeable evidence of vibration while 
the engines were running, yet the coupling bolts became loose or 
broke, and the coupling faces were deeply scored and worn. In 
this case it was possible to correct the trouble by changing the 
firing order of the cylinders and the relative positions of the 
cranks. 

Fig. 5 shows the effect of misalignment. This shaft broke while 
the vessel was in southern waters and a stop was made in a small 
Central American port to make the temporary repair shown in 
Fig. 6, which enabled the vessel to reach New York. When the 
shaft was removed it was found that the main bearings were 
badly out of line, one being so low that the shaft did not touch it, 
even when deflected by load. In connection with the subject of 
crankshaft alignment, it is worthy of note that provision for easy 
removal of bottom shells of main bearings is important as a factor 
in reducing cost of repairs. The author had occasion to adjust 


the bearings on one large engine in which the bottom halves were 
made rectangular and fitted into rectangular recesses in the main- 
bearing girders, with projecting flanges to prevent end move- 
ment. 


To get a bottom half out it was necessary to dismantle 
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difficulty has been met by the use of tungsten carbide tools, 
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the rods and lift the 15-ton crankshaft vertically 15 in. To 
permit this much vertical lift the spray-air-compressor housing 
had to be disconnected and lifted off the bed. 


CONNECTING Rops AND CROSSHEADS 


Connecting-rod repairs are so infrequently required that they 
may be dismissed without discussion. Crosshead trouble is 
normally confined to slipper wear, but there are occasional excep- 
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tions that are of interest. Several instances of crosshead failure 
have occurred, but it is worthy of note that one type of engine in 
which these breakages occurred has been practically removed from 
the market, while another type has been fitted with a new design 
of crosshead that has given no trouble. One rather large repair 
to a crosshead guide on a 5000-hp. engine was required after the 
crosshead slipper wedged in its guide and cracked the supporting 
housing. The shapes of slipper and guide are shown by the 
sketch in Fig. 7. During some routine overhaul by the ship’s 
engineers, the piston rod of this particular cylinder was discon- 
nected from the crosshead and the engine turned with the jacking 
gear. The ship was trimmed by the stern and the slipper had 
clearance enough to permit it to drop to one side, slightly out of 
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normal alignment. When it moved upward, the triangular corner 
wedged in the guide and cracked the housing. 


Piston Rops 


Piston-rod troubles may be said to be non-existent in single- 
acting engines that have such rods, but in the newer double-acting 
designs piston-rod breakage has been rather common. These 
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breakages have resulted from both incorrect design and improper 
material, but in all the cases that have come to the author’s 
attention the original defects have been removed, and there is no 
reason to believe that piston rod breakage need, in the future, be 
regarded as a feature of double-acting engines. Experience 
with such materials has demonstrated that for piston-rod manu- 
facture it is not wise to use alloy steels of a type, the physical 
properties of which cannot be accurately controlled and on 
which the effects of heat treatment cannot be accurately pre- 
dicted. One set of large double-acting rods renewed by the 
author was made of a chromium alloy steel, to which the builder 
was rigidly restricted by the purchaser of the engine. When the 
rods were removed after a short period of use, the heavy buttress 
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threads at the crosshead ends could be peeled off like unwinding a 
string. 

A factor in piston-rod maintenance that is confined to the 
double-acting type is wear of the rod by the packing in the lower 
head. An apparently successful experiment has been made by 
plating the rods with chromium in one make of engine. A com- 


parison of these rods, made after a voyage of about 28,000 miles, 


with unplated rods in another engine of approximately the same 
size showed considerably more wear of the latter. 


PIsToNns 


From the repairman’s point of view, the piston seems to be the 
most troublesome of all the major parts of the Diesel engine. 
The trouble encountered is usually cracking, or wear of ring slots. 
There are two ways in which cracking occurs: approximately 
radial cracks develop in the crown or circumferential cracks in 
the side or skirt. The first is the most common kind, and the 
appearance of the cracks indicates that it is associated with the 
phenomenon of metal growth by repeated heating. The second 
type of fracture, cracks in the sides, is almost invariably due to 
piston seizure in the liner and is usually associated with cooling- 
system failure. Welding procedure has been developed to the 
point where most cracked pistons can be salvaged at a cost sub- 
stantially less than the price of a new one. As compared with 
welding of cylinder heads, previously discussed, piston welding 
is much easier because of the more symmetrical disposition of the 
metal. Many operators are doubtful of the permanence of piston 
welds, and it is true that some of them can point to failures in 
justification of their attitude, but in the hands of skilful and ex- 
perienced welders most cracked pistons can be made as good as 
new. On one vessel overhauled by the author, all the pistons, 
six in number, in the starboard engine were welded, and at the 
time of last inspection had been in operation six months without 
any signs of failure. 

As in the case of cylinder heads, either gas or electric welding 
can be used, but the former is much to be preferred. It can be 
used successfully, however, only when the piston can be preheated. 
The procedure is as follows: All burned metal in the vicinity of 
the cracks is cut away by drilling, then an air chisel is used to cut 
a wide V along the line of each crack. In each case the V must 
extend the full length and depth of the crack. If the crack goes 
clear through, the tip of the V must just penetrate the inner face 
of the metal. If a furnace large enough to take the piston is 
available it can be used for heating, but otherwise a simple furnace 
can be made by building up a checkered wall of firebrick sur- 
rounding the piston, then wrapping asbestos paper around the 
wall, leaving a draft opening at the bottom. A sheet of asbestos 
board is laid over the top with a small opening left for draft. A 
charcoal fire is used to heat the piston up slowly and evenly to a 
cherry red, then the welding operation is started through a small 
opening in the asbestos directly over the spot to be welded. Usu- 
ally two welders working alternately are required because of the 
great heat. After the V’s have been filled up carefully and the 
new metal consolidated with the old, all openings in the asbestos 
are covered up to keep the cold air out and the fire is allowed to 
die out. The piston should not be removed until it is cool 
enough to handle. 

The metal growth that occurs as a result of heating is sometimes 
surprisingly great, but will vary with the quality of iron in the 
piston. In one case a set of trunk-type pistons 20 in. in diameter 
increased as much as */z in. in diameter during the welding proc- 
ess. It is also interesting to note that in the case of this par- 
ticular set of pistons the diameters of the piston-pin holes in- 
creased so much that it was necessary to bore them out and put 
in bushings to receive the pins. On later pistons of the same 
type it was found practicable to prevent this enlargement of 
the piston-pin hole by applying heat only to the portion of the 
piston above the hole, using four oil torches arranged symmetri- 
cally around the piston. 

In connection with the occurrence of heat cracks in the center 
of the piston crown, it was found that such cracks could be pre- 
vented in one type of piston by cutting a circular groove in the 
crown, as shown in Fig. 8. The increasing use of forged-steel 


4 
A 4: 
Seat 
‘ 
~ 


OIL AND GAS POWER 


pistons seems to have increased the proportion of ring-slot jobs. 
Wear of ring grooves is particularly rapid when the cylinder liner 
is badly worn. Liner wear is never uniform throughout the 
length of the cylinder bore, and as the piston travels back and 
forth a “breathing” effect is produced on the rings by the varying 
diameter of the bore that tends to wear away the side walls of 
the ring grooves. Pistons worn in this way can be repaired by 
truing up the grooves in a lathe and fitting oversize rings, but if 
it is desired to retain standard size rings the walls of the slots are 
cut back and then built up by welding, after which they can be 
machined to original dimensions. A recently patented scheme is 
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each other. The same sort of repair was made on each and 
stopped the trouble in both cases. 
VALVES AND VALVE GEAR 

Under this heading there is comparatively little to be recorded. 
The exhaust valve is the one most frequently in need of repair due 
to the fact that a leak usually results in a burned-out valve or 
seat. A type of valve frequently dealt with is shown in Fig. 9. 
Here provision has been made for renewing the seat by making it 
separate from the valve and holding it in place with the threaded 
ring. It is usually necessary to cut these rings off as they burn 
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to provide a wearing ring locked into each groove, so that 
the wear occurs on these rings instead of the piston. 

Another sort of piston repair that is occasionally called for is 
the renewal of broken studs. On one ship that came in for re- 
pairs, one piston was found with all of the studs joining the piston 


to the piston-rod flange broken. Since the piston remained on the 
rod it is obvious that no gas load or inertia load could have 
broken the studs, and it was concluded that breakage was caused 
by distortion of the pistons when heated. The original short 
studs were replaced by long studs, with sleeves under the nuts, and 
no more breakage occurred. This sort of casualty occurred on 
two engines of entirely different makes within a short time of 


fast to the stem in service. Renewal of the various small pins and 
bushings in the valve gear is often required, but it is in the class 
of what has previously been termed preventable repairs. Fuel 
valves come next to exhaust valves in the amount of repairs re- 
quired from sources outside the ship. The most common of these 
repairs is the renewal of needles. 


Coo.ine System 


Cooling-system troubles generally arise from two causes: de- 
posit of dirt, oil, or scale from the water, and corrosion. In nearly 
every case where an engine has been opened up for cleaning and 
large collections of dirt or scale have been found at any particular 
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points, study of the structural arrangement will show that there is 
stagnation or retarded flow at those points. In one engine this 
condition was particularly bad because retarders had been pur- 
posely placed in all of the passages through the exhaust- and 
scavenge-port bridges in order to equalize flow through the 
bridges. The large jacket space ahead of these retarders made 
a fine settling tank. 

In numerous cases the advantages of fresh-water cooling have 
been nullified by extensive deposits of oil that gains access to 
the cooling system. In the case of one large engine that had 
suffered from scale deposited by salt cooling water, the entire 
cooling system was changed over to fresh water. After one voy- 
age the ship returned for examination and the entire cooling 
system was found to be heavily coated with oil. Investigation 
disclosed the source of this oil contamination to be the plunger 
of the water-circulating pump. This was a beam-operated pump 
enclosed within an extension of the crankcase enclosure where it 
was exposed to the heavy lubricating-oil mist. Similarly, piston- 
cooling spaces in other engines have been found coated with oil 
where telescopic water pipes operate inside the housing. The 
ease with which oil will pass through a stuffing box that is water- 
tight makes it highly undesirable to enclosure telescopic pipes 
or water pumps inside the crankcase. 

A factor that seems to be generally overlooked, yet one that is 
a prolific source of repair work, is the corrosive effect of the cooling 
water. In some quarters the impression seems to prevail that 
if distilled fresh water is used for cooling no corrosion troubles 
will be experienced, yet repeatedly jobs come in that show the 
fresh cooling water to be very actively corrosive. A case in point 
is the internal pipes placed inside the piston rods of double- 
acting engines to convey cooling water to the pistons. On one 
make of engine repeated piston seizures were experienced before 
it was found that these internal pipes had corroded away, al- 
though fresh water was used. These pipes are now made of 
stainless steel. It has been found that if the system for circulat- 
ing fresh water includes any open point, such as open discharge 
funnels, where active churning of the water produces aeration, 
the corrosive effect throughout the system is increased. On one 
large passenger ship the closing up of these open funnels pro- 
duced a marked decrease in repairs to the cooling system. This 
is simply another demonstration of a fact that was learned years 
ago by steam-boiler operators. Asa matter of fact, the operator 
of any Diesel engine using fresh water for cooling can well take 
a leaf from the book of the steam-boiler operator and use the 
same precautions to keep the water non-corrosive as are used for 
conditioning boiler feedwater. 


Fuse. Pumps 


The usual sort of repair needed by these pumps is the grinding 
down or renewal of plungers, and, occasionally, manufacture of 
new valves. It is found that packed plungers require more at- 
tention than packingless or lapped plungers. The packing is 
usually set up so tight to prevent leakage that it wears the case- 
hardened plungers very rapidly. The success of the chromium- 
plated rods previously mentioned suggests the possibility of re- 
ducing this wear by the use of chromium-plated plungers. 

In conclusion, it seems fitting to consider the much discussed 
but never settled question of relative cost of Diesel-engine repairs 
and steam-engine repairs. Repair costs are affected by so many 
variable factors that it is difficult to state conclusions that will 
be all-embracing. Most important of these factors is operating 
personnel. A widely used yet incorrect sales argument is that 
“‘any one can run a Diesel engine.”’ Asa matter of fact, the effect 
of ignorant or unskilled operation will be reflected in the repair 
bills for the Diesel engine much more quickly than for the steam 
plant. It is quite possible and not infrequently happens that 


the engine-room force for a steamship may be picked up on the 
waterfront a few hours before the ship sails, and if the engineers 
are accustomed to operating marine steam plants they find every- 
thing about the same as on the last ship on which they sailed. 
On the other hand, a Diesel engineer may be very familiar with 
some one particular make of engine, yet require some time to 
learn the details of another make and the operating procedure 
required for it. 

The individual items of repair to the Diesel plant and steam 
plant are none of them sufficiently alike to permit comparisons 
of cost on a repair-item basis. The most accurate method of 
comparison is by means of the annual repair bills of two exactly 
similar vessels, one steam and one Diesel, operating on the same 
route and handling the same cargo. Although this is a very spe- 
cial set of conditions, there are such cases, and such comparisons 
have been made. The trouble is that the ship operators, who 
are the only ones in a position to compile this information ac- 
curately, do not make it available to the public. 

It is the author’s opinion, based on a number of years’ experi- 
ence in ship-repair work, that when operating under similar con- 
ditions, with equally competent engineers, the Diesel plant re- 
quires less repair than the steam plant but the repairs that are 
required cost more. An important difference in the two types of 
machinery is that a broken or worn-out part of a steam engine or 
boiler can be replaced at the majority of ports in the world, 
utilizing the local facilities at those ports, whereas a replacement 
part for the Diesel engine must be sent from the builder’s plant 
or obtained from some other distant, especially equipped plant. 
Very few Diesel-engine builders have devoted serious effort 
toward rendering quick, efficient, and cheap repair service to users 
of their engines. 

It would appear, then, to the thoughtful observer that when 
Diesel-engine design more nearly approaches a standardized basis 
and a certain measure of permanence succeeds the present kaleido- 
scopic variations in structural details, a more widespread develop- 
ment of repair facilities will be possible, less specialized knowledge 
will be required for operation, and general reduction in upkeep 
cost will result. 


Discussion 


Jutius Kurrner.? Those parts of Mr. Ford’s very excellent 
paper which relate to design questions are undoubtedly going to 
be referred to the design personnel of the oil-engine firms con- 
cerned. That would be the first step, I should think, to get 
at the bottom of them. It would then be a good thing to go a 
little further and refer them to the executives who control the 
work of the designers. 

Designing is a very exacting profession. It takes a special 
type of man who has a gift for it, and it requires a good deal of 
wisdom on the part of an executive to understand such a man and 
to guide his activities to get the results that are needed and that 
will avoid some of the difficulties which Mr. Ford has so ably 
and so graphically pointed out. 

Very few executives in oil-engine work whom I knew in years 
past had any really fundamental conception of design questions, 
and it is only recently that they are beginning to realize that the 
designer holds in his hand the making or the unmaking of the 
success of many oil-engine enterprises. 

I am glad to say that in observing recent changes in the design 
personnel of oil-engine plants I am beginning to note an apprecia- 
tion of these necessities, and I look forward to the time when 
designers will be chosen in such a way and will be given such 
facilities for working that a large part of the troubles which 
Mr. Ford has pointed out will become a thing of the past. 


2 Editor, Oil Engine Power, New York, N. Y. Mem. A.S.M.E. 
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ALLEN W. Morron.* Mr. Ford spoke of wear in ring grooves 
and means of overcoming it by the use of wearing rings. I 
should like to warn you against some difficulties that may be 
encountered by the use of these wearing rings. Some of our 
customers are using these wearing rings with a great deal of 
success and others have some trouble. The trouble is primarily 
due to not allowing enough width for this wearing ring. 

One customer on a 26-in. diameter cylinder is specifying a 
width for his wearing ring of only '/, in., whereas another custo- 
mer with 20-in. diameter cylinder is specifying a wearing width of 
*/gin. The */s-in. wearing ring in the 20-in. cylinder is causing 
no trouble, whereas the !/,-in. ring in the 26-in. cylinder is causing 
trouble. 

In order to overcome the difficulties of the 26-in. wearing ring 
we have endeavored to put tension in the wearing ring so that it 
springs out and locks in its groove. That has overcome the 
trouble. Heretofore it has been simply split and placed in the 
bottom of the groove and allowed to more or less float in there. 
By increasing the width of the wearing ring even at the expense 
of decreasing the width of the piston ring most satisfactory 
results can be obtained. It is recommended, however, that the 
wearing ring be locked in the groove either by means of its own 
tension or else by welding. 


5 President and General Manager, American Hammered Piston 
Ring Co., Baltimore, Md. 
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AvuTHOR’s CLOSURE 


Replying to the discussors I would say that the results that 
were obtained by test afterward were the main basis for this 


conclusion. 


One particular head was filled with water on the inside, and 
heat was applied to the outside, to the crown, and in place of the 
regular studs some studs were put in very much longer than the 
original ones. Before heating, a distance between studs on a 
diameter was ‘‘miked,” and after the heating the same distance 
was “miked,” and the variation was one-eighth of an inch in the 
distance, after heating. 

I did not conduct that test myself—it was reported to me; 
and I may be slightly in error as to the exact method of pro- 
cedure and the exact dimension, but I think that is right and that 
the heating of the head causing these studs to spread that way 
indicated that the flange in which the studs were inserted and 
which bears against the top of the connecting rod flange was 
turning in that direction so that the heel of the flange made a 
natural fulerum, and when that turning due to distortion of the 
piston crown occurred it simply put the studs in tension and 
pulled them apart. 

As to why the longer studs do not break, the reason I can ad- 

vance for that (and it is not the result of calculation, but simply 
a result of the reasoning) is that the longer stud will stretch more 
than the shorter one. 
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Commercial Applications of High-Speed 
Oil Engines 


By C. H. GIBBONS,' MARION, OHIO 


The author discusses the possible application of high-speed Diesel 
engines to aircraft, trucks, and tractors, and gives details of their 
application to locomotives, generating sets for city buildings, cotton 
ginning, oil-well drilling, pipe-line pumping, irrigation, marine 
propulsion, air compressors, dredges, excavating machinery, etc. 
He also deals with medium-speed applications and gives data for 
use in estimating power costs. 


cellent analysis of the economic field for small and me- 

dium-size Diesel engines. The past year has indicated 
the desirability of a somewhat different approach to the same 
general subject. The trend toward higher speeds has been quite 
marked, until today rotative speeds of 1000 r.p.m. and piston 
speeds of 1350 ft. per min. are not unusual in commercial appli- 
cations; and experimentally (in justice it must be said they have 
passed a stage connoted by “experimental,” but are not yet 
“commercial’’—speeds of 2000 r.p.m. and piston speeds of 2100 
ft. per min. are giving great promise for the future and indicate 
the probable path of evolution. In one case—a truck Diesel, 
in Germany) rotative speeds of 2500 r.p.m. have been attained. 
In addition the number of commercial installations of high- 
speed Diesels has been increasing. Authentic data as to operat- 
ing costs continue to be difficult of discovery, as are all costs 
of manufacture, whether of machinery or of power. 

The economic factors which have dictated the Diesel have 
been enumerated and expanded upon so frequently as to merit 
little more than a mention in passing. In comparison with the 
gasoline-fueled engine, the wide range of fuels and their generally 
lower cost per unit; greater thermal efficiency with attendant 
smaller radiators; more perfect combustion with less carbon 
deposition and less valve distortion; ease of starting; advan- 
tageous speed-torque characteristics; lower fire risk; simpler 
construction, particulsrly in respect to both mechanical and 
electrical phases, have all had adequate handling, as has also 
the reduced radio interference in aircraft service. 

There is a distinct and insistent demand for a high-speed 
Diesel which with equal reliability will take the place of the 
gasoline engine and will occupy little or no more space and weigh 
little or no more. The long period of education in the use and 
operation of gasoline engines will be capitalized—it will not take 
much education or effort to train one acquainted with the gas 
engine’s peculiarities to understand and properly handle the 
high-speed Diesel. In reality, it is simpler in construction, and 
once the principle is grasped, the rest follows readily. 


A YEAR ago at this meeting there was presented an ex- 


AIRCRAFT 


As to applications commercially, in the aircraft field there 
have been none. Certain very promising experiments have 
been performed and the actual flying of a Diesel-motored plane 
for several hundred hours has been effected, but it is not correct 


1 Advertising Manager, The Marion Steam Shovel Company. 

2 In discussion on the subject led by H. A. Pratt, Ingersoll-Rand 
Co., New York, N. Y. Mem. A.S.M.E. 

Presented at the Second National Meeting of the A.S.M.E. Oil 
and Gas Power Division, State College, Pa., June 24 to 27, 1929. 

Nore: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 
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to state that the application is a commercial one. An excellent 
discussion may be found in S.A.Z. Journal for February, 1929. 


TRUCKS 


There have been no commercial applications to trucks in this 
country, although in Germany they have been in use for a num- 
ber of years, and more than 100 are in regular service. One 
builder of high-speed Diesels in this country has installed one 
of his engines in an ordinary four-ton truck. This was accom- 
plished without extension of hood or change in radiator. In 
fact, in winter it was necessary to use more radiator cover than 
was used on the gasoline trucks in order to maintain the proper 
temperature. In competitive service for the past three years 
and in the hands of regular truck drivers and at temperatures 
ranging from —10 deg. fahr. to 95 deg. fahr., this truck has shown 
a fuel-consumption ratio of 3 to 8 as compared with a similar 
gasoline-equipped truck and a lubricating-oil-consumption ratio 
of 3 to 4. Or with gasoline at 20 cents and Diesel oil at 6 cents 
per gal., the fuel costs are as 1 to 9. The Diesel-engined truck 
is particularly effective on the hills as its speed-torque char- 
acteristic is much better at low speeds than that of the gasoline 
engine. This results in less gear shifting and in smoother opera- 
tion. The distance covered per gallon was 10'/, to 11'/2 miles. 
An excellent discussion of Diesels ss applied to trucks was 
presented in a paper by Dr. Wilhelm Riehm before the S.A.E. 
at Detroit in January, 1928. 

While not exactly a commercial application, the following 
record should be included. A 5'/,-ton Diesel-powered truck made 
a round trip of 1500 miles from New York to Detroit. This 
truck was motored by a 70-hp., 6-cylinder, 105-mm. bore x 
165-mm. stroke Diesel, running at 1300 r.p.m. (18.6 m.p.h.). 
It consumed 115 gal. of furnace oil and 1 gal. of lubricating oil, 
or about 13 miles per gallon of fuel. The engine showed a fuel 
consumption at full load of 0.456 lb. per b.hp-hr. In handling, 
both on the open road and in congested city traffic, flexibility 
equal to that of the usual gasoline truck was readily had, while 
on the hills the Diesel was noticably better than a similar gasoline- 
powered unit. This follows, of course, directly from the better 
speed-torque characteristics at low speeds of the Diesel engine 
over those of the carburetor engine. 


TRACTORS 


A prominent manufacturer of tractors in the Middle West 
has just put into service a tractor equipped with a high-speed 
Diesel engine, but as yet no data are available in regard to operat- 
ing costs. No perticular problem was involved in this appli- 
cation beyond the necessity of strengthening the chassis and 
gear trains, together with clutches, etc. This necessity arises 
from the sharply increased torque at low speeds as compared 
to the gasoline engine formerly used. This increase for a given 
speed amounts to as much as 30 per cent. 


LocoMOTIVES 


In the internal-combustion-engined locomotive one of the 
outstanding applications has been that of a Diesel-powered 
switching locomotive for the Long Island Railroad. This is a 
660-hp., 87-ton Baldwin-Westinghouse unit with two Westing- 
house-Beardmore engines which are light-weight, high-speed, 
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6-cylinder, 4-cycle, solid-injection units weighing, with flywheel, 
about 7000 Ib. each or 21.2 Ib. per b.hp. Their operating speed 
ranges from 300 to 800 r.p.m. The maximum speed is 30 m.p.h. 
with 38-in.-diameter drivers. The maximum tractive effort is 
49,500 lb. No operating cost data are available. 

On the Manchester-Bury line of the London, Midland & 


Fic. 1 12-Ton InpustriaL Locomotive PoweErReEp By a 92-Hp. 
4-CYLINDER Souip-INJEcTION 1000-R.p.m. Diese, ENGINE 


Scottish railway a Diesel-electric locomotive equipped with a 
500-hp. high-speed Beardmore Diesel direct-connected to a 350- 
kw. 600-volt generator recently went into service. The trac- 
tion motors are two in number, each of 280 hp., and one is 
mounted on each of the trucks. The engine has four speeds; viz., 
“idling” at 350 r.p.m., intermediate of 600 and 750 r.p.m., and 
a full-load speed of 900 r.p.m. 


tinuous tractive effort is 42,000 lb., while during the acceleration 
period this effort. is 100,000 Ib. This locomotive is powered by 
two 1330-hp., 12-cylinder, 12-in. X 12-in. variable-speed Diesels. 
The idling speed is 300 r.p.m. and the full speed 800 r.p.m. They 
develop their rated horsepowers at 0.43 Ib. of fuel oil per b.hp-hr. 
An interesting and important detail from the standpoint of 
thermal efficiency of the unit is the use of the exhaust gases 
from the engines in a boiler which develops steam for train heat- 
ing. With engines at average load and with an average train, 
sufficient heat is saved to heat the train, although the outside 
temperature is as low as 12 deg. below zero (fahr.). 
The locomotive carries 8000 lb. of fuel oil, 3000 Ib. of jacket 
cooling water, 3000 Ib. of sand, and 1000 Ib. of lubricating oil. 
A smaller-type narrow-gage locomotive has been in service 
for some time. This is a 12-ton locomotive equipped with a 
92-hp. solid-injection, 6-in. X 8-in., four-cylinder, 1000-r.p.m. 
engine. (Figs. 1 and 2.) This has gear-driven construction, 
the various speeds being secured by a gear shift similar to the 
transmission of the automobile. An effort was made to secure 
operating cost data, but apparently no careful record has been 
kept. 
GENERATING SETS 
An application to generating sets is the so-called “Western 
Union” generating set (Figs. 3 and 4), so named because it was 
developed to meet the need of Western Union buildings for a 
self-contained generating unit for use in various localities where 
by city ordinance the use of a gasoline engine in the basement of 
a building is prohibited. They are usually employed as stand- 
by units and have definite advantages also of small floor space 
and small head room. For example, a 100-kw. set needs a floor 


No operating cost data are yet 
available. 

At Akron, Ohio, the Erie Rail- 
road has in switching service an 
A.L.G.E.I.R. Diesel-powered lo- 
comotive which has given very 
satisfactory service. These 
Diesels, of which there are two, 
are 6-cylinder, 10 in. X 12 in., 
and rated at 250 hp.each. The 
speed is 580 r.p.m. and the con- 
nection is direct to two 200-kw. 
d-c. generators. The weight of 
this unit ready for service with 
water, oil, sand, etc., in their re- 
spective receptacles is 117 tons, 
and the dynamometer test re- 
vealed a tractive effort of 73,500 
Ib. or 22 per cent of the total 
weight. The maximum speed is 


30 m.p.h. The availability ratio 
is 93 per cent, while maintenance 
and repairs amount to 25 cents 


per locomotive-hour, of which the 
greater part is labor. Fuel oil 
and lubricating oil are supplied 
for 50 cents per locomotive-hour. It is difficult in this ser- 
vice to reduce costs to ton-miles or to any of the usual yard- 
sticks of measurement. 

A notable application is that of the Canadian Locomotive- 
Westinghouse-Beardmore 2660-hp. high-speed Diesel locomotive 
on the Canadian National Railways between Brockton and 
Belleville, Ontario. This locomotive consists of two units weigh- 


Fic. 2 


ing 325 tons, of which 240 tons are on the drivers. The con- 


Power Puant oF Locomotive SHOWN IN Fig. 1 


space of 42-in. X 165-in. and a head room of less than 90-in. 
over the radiator. 

Another application consists of a 4-cylinder, 6-in. X 8-in. 
Diesel, direct-connected to a 65-kw., 900-r.p.m., 250-volt d-c. gener- 
ator (Fig. 18). The demand on this generator varies widely from 
very small currents up to 300 amperes. Service is 24 hours, 6 
days per week, and the unit has been in service for two or three 
years. The cost for fuel and lubricating oil is as low as '/, cent 


» } 


per kw-hr. when using the lower grades of fuel oil. The floor- 
space required is 5 ft. * 10 ft. 

An application in this field of a high-speed Diesel generating 
set is that of the Zipprich Teaming Company of Chicago who 
have a 2-cylinder 6-in. X 6%/,-in. Diesel direct-connected to 
an 18-kw., 125-volt d-c. generator (Fig. 5). This equipment 
with accessories occupies a space of 8 ft. X 10 ft. in a basement 


Fics. 3 anp 4 Tue ‘“‘WesTeRN Union” GeneraTING SET 


4-cylinder solid-injection Diesel direct-connected to a 45-kw. d-c. 
attinies generator; governed speed, 800 r.p.m.) 


whose head room is only 86-in., yet there is ample room for re- 
moval of pistons, etc. 

The operating record for the first 66 days showed fuel and 
lubricating costs of 1'/, cents per kw-hr. On the basis of these 
results a net saving annually on six 5-ton and one 1'/;-ton elec- 
tric trucks will be $1885. An interesting phase of this installa- 
tion is the use of the heat of the exhaust gases to heat water for 
car washing, etc., about the garage. If this phase were properly 
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capitalized a further saving would be effected and the equip- 
ment more quickly amortized. 

In New York City at the present time there is a very active 
interest on the part of owners of buildings in the possibilities of 
high-speed Diesel generating sets because of the high costs of 
purchased power, because of the opportunities of heat reclama- 
tion from the jacket water and from the exhaust gases, and be- 
cause of relatively low initial costs, low head room, and small 
flogr space. While so far as the author knows there have been 
no installations, it is a field which is opening and one in which 
the manufacturer of the high-speed Diesel is particularly inter- 
ested, because it is usually the case that there is no excess of 
space available for installation, especially when it is necessary 
to utilize the basements of existing buildings. 


GINNING 


In the cotton-growing states there have been numerous appli- 
cations of the high-speed Diesel to cotton ginning. These are 
usually belted installations, and an unsuspected collateral ad- 


Fic. 5 An 18-Kw. Diese, GeneratinG Set OPERATING AT 
800 R.p.m. For Batrery-CHARGING Service in GARAGE OF A 
TRUCKING CONCERN 


vantage is secured. Because of its relatively light weight and 
small dimensions, the engine during the season when no ginning 
is being done is transferred to other work such as the operation 
of dredges or of irrigation pumps, etc. One user of such an 
engine—a 92-hp., 1000-r.p.m. Diesel—in Georgia states that he 
ginned 1804 bales using 2245 gal. of 11-cent fuel oil and 40 gal. 
of 70-cent lubricating oil at a total cost for consumable supplies 
of $274.95 or 15.24 cents per bale. The lubricating oil after 
serving the Diesel was used for lubrication of the lineshafting 
and found quite serviceable. His ginning cost by electricity 
had been for the preceding year 63 cents per bale, a saving for 
the season of $861.59. Unfortunately there are no data as to 
his power rate, but it is quite usual to find a saving in this ser- 
vice. An investigation by Orville Adones as outlined in the 
January, 1929, issue of The Oil Miller & Cotton Ginner shows 
that the average cost of current in the entire cotton section for 
this service is 2'/, cents per kw-hr., while the Diesel can develop 
it at less than 1 cent per kw-hr., including all charges. 


Om Fretps 


A recent development of much promise and interest is that 
of the application of high-speed Diesels to oil-well drilling. These 
units (Fig. 6) are usually 4- or 6-cylinder, 60 and 90 hp., respec- 
tively, 6 in. X 61/; in., and operated up to 800 r.p.m. They 
are usually skid mounted to effect ready portability and are 
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Kin 


Fie. 6 6 X 6!/:IN. 800-R.p.m. 90-Hp. Diese, Usep ror DRILLING 
A 5000-Fr. Hote at Pecos, Texas 


(Engine is equipped with a special speed control operated automatically 
from bandwheel; engine speed increases through a portion of the band- 
wheel rotation.) 


belted to a countershaft carrying a clutch which in turn is belted 
to the bandwheel which carries the crank or lever which imparts 
to the walking beam its oscillating motion. The strong hold 
which steam has had on this industrial application has been due 
in part to the automatic speed variation achieved by steam 
throughout the cycle of one turn of the bandwheel. This con- 
sists of a speeding up following the fall of the tools in the hole 
and a reduction in speed during their rise. In addition the driller 
had a very complete control of average engine speed through 
the engine throttle. Both of these features are retained in this 
installation as there is a manual control by which the engine 
speed can be varied from 250 to 800 r.p.m. In addition there is 
a periodic control which varies 
the speed of the bandwheel each 
revolution thereof above and be- 
low the average speed which is 
under the control of the driller 
manually from the derrick floor. 
In this way also higher speeds 
for bailing, pulling tools, etc., are 
under manual control. Further, 
the very low governed speed is 
of material advantage in fishing 
jobs which generally must be 
carried on slowly and carefully. 
The 60-hp. unit is good for 
depths up to about 2600 to 3000 
ft., depending on numerous fac- 
tors, while the 90-hp. unit is in- 
dicated for depths beyond these. 
Another oil-field application is 
that to pipe-line pumps. These 
units usually consist of a high- 
pressure plunger pump belted 
or chain driven from the Diesel 
crankshaft. The entire unit is 
mounted on a skid framework 
and its portability particularly 
commends it. Frequently a 


ties exist for disposal of the oil. It is a simple matter to move 
one of these units to the well and dispose of the oil. The unit 
shown in Fig. 7 handles oil at a pressure of 700 Ib. per sq. in. 
The engine is a 4-cylinder, 92-hp., 1000-r.p.m. unit. 


IRRIGATION 


In irrigation a recent installation (Fig. 9) of an 800-r.p.m., 30-hp. 
Diesel direct-connected to a 3150-g.p.m. centrifugal pump under 
20 ft. head is part of a complete Diesel installation in Montana 
which has changed a losing proposition into a paying one. All 
costs here, including maintenance, depreciation, repairs, will 
not exceed $2 per acre per year, a very low cost for irrigation. 

Another application in the irrigation field should be noted 
in the deep-well pumps direct-connected to the engine. In this 
field the usual factors of preference apply forcibly—lower freight, 


Fic. 7 A Hicu-Pressure Ou-Fretp Recriprocatina Pump 
APPLICATION 
(92-Hp., 4-cylinder, solid-injection Diesel belted to a 2-cylinder 700-Ib. 
per sq. in. pump.) 


“wildeat” will be “brought in’ Fic.8 A 4-Cy.inper 6 X 6'/:-IN. 60-Hp. Diese, Enorne Operatine at 800 AND Dinect-Con- 
at a distance from a developed 
field and at a point where no facili- 


NECTED TO A SpectaL ANGLE-GEeaAR UNIT For DrivineG 14-In. 5-Stace Tursine Pump 


(Units of this type are widely used in rice-field irrigation service in Arkansas and Louisiana and in other 
services where deep-well pumping is required.) 
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less foundation expense, and less installation labor. Low-speed 
Diesels have long been used. They usually have been belted 
types, the belt being given a quarter-turn from engine to pump 
rotor. The introduction of the high-speed Diesel has been 
effected with the addition of a bevel-gear speed changer, in one 
case a ratio of 1.6 being employed. This is an example of the 
necessity confronting the manufacturers in this field of develop- 
ing auxiliary units to make more practical and convenient the 
application of the high-speed Diesel. Fig. 8 shows a typical 
application similar to that on the Carl Schroeder rice farm near 
Stuttgart, Arkansas. It is 60-hp., 718-r.p.m. and is direct- 
connected to a 14-in. five-stage turbine pump set 100 ft. below 
the surface. The total lift is 123 ft. and 917 g.p.m. are delivered. 
The pump speed is 1147 r.p.m. and the fuel consumption 3'/; 
gal. per hr. The horsepower developed is between 45 and 50, 
making the fuel consumption about 0.5 lb. per hp-hr. 
Another similar installation is that on the rice farm of J. J. 
Miller near Stuttgart, Arkansas. This is also a 60-hp. high- 
speed Diesel direct-connected through a bevel-gear drive. The 
pump is 100 ft. below the surface and delivers 1075 g.p.m. 
This pump waters 240 acres of rice land at a seasonal cost of 
$450 for fuel and lubricating oil, or less than $2 per acre. This 
operation was formerly done by electric motors at a cost of $33 


Fie.9 A 30-Hp. 800-R.p.m. Diese, EnGrne Direct-ConnectTep To 
A 12-IN. CENTRIFUGAL PUMP 
(Installation also includes an 80-hp. Diesel engine direct-connected to a 
42-in. Wood screw pump. Centrifugal-pump unit used for supplying water 
to higher ground of irrigation project.) 


Fie. 10 Pouce Patrot Boat, Norrouk, Va. 


per day for current as against $5.15 for fuel and lubricating 
oils for the Diesel. The pumping season is about 80 days, so 
that per season the saving is more than $2000. The installa- 
tion will pay for itself long before replacement is necessary. 
Another installation is at Roswell, New Mexico, on the property 
of Southspring Ranch and Cattle Co. This is a 90-hp. unit 
direct-connected to a 15-in. turbine pump. This unit de- 
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livers 3400 gal. per min. against a total lift of 45 ft. and uses 
4'/, gal. of 30 to 32-deg. B. fuel oil and 0.1 gal. of lubricating oil 
per hour. 
MARINE 
In the marine field, the N.P.1. (Fig. 10) at Norfolk, Virginia, 
is a police patrol boat of 54 ft. length, 12 ft. beam, and 3'/, ft. 


Fic. 11 Room or Patrot Boat, NorFroik, Va. 


Fic. 12 4-Cyuinper, 92-Hp. Dieset BELTED TO 
A 400-Cvu. Fr. Arn Compressor 
(Unit in service in an industrial plant.) 


draft. It is powered by a 92-hp., 850-r.p.m. Diesel (Fig. 11) 
and uses 4'/, to 5 gal. per hour of 28 to 30-deg. B. fuel costing 
4'/; cents per gal. Using a 28-in. X 28-in. screw at 775 r.p.m. 
it maintains a speed of 12 knots. With a 30-in. X 19-in. screw 
at 850 r.p.m. it is able to maintain the same speed. 


Arr CoMPRESSORS 


An interesting application is that of a high-speed Diesel to a 
portable air compressor. A prominent compressor company 
has had one of these in commercial service for several months. 
It is a 320-cu. ft. compressor powered by a 92-hp., 4-cylindey 
6-in. X 8in., 1000-r.p.m. Diesel. The company, however, is 
operating it at 850 r.p.m. It is about ready to be announced 
to the trade. 

An interesting application of a high-speed Diesel is shown in 
Fig. 12. This is a 92-hp., 1000-r.p.m. Diesel, 4-cylinder, 6-in. X 
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8-in., belted to a 16-in. X 10-in. X 14-in. air compressor, de- 
livering 400 cu. ft. of free air per minute against 130 lb. pressure. 
Fuel oil used is 28 to 30 deg. B. and the fuel consumption varies 
from 0.4 to 0.45 Ib. per b.hp-hr. 


DREDGES 


There have been numerous applications of low-speed Diesels 
to dredge service. So far as the author has been able to dis- 
cover, there is only one dredge in operation with a high-speed 


Fie. 13 6-CyLINDER, 180-Hpe., 1000-R.p.m. Unit or Type Usep on 
DrepGe, McHenry, ILL. 


Diesel. This is the dredge of Julius Keg, McHenry, Illinois 
(Fig. 13), which is a belted installation. The engine is a 6- 
cylinder, 180-hp., 6'/:-in. X 8*/,-in., 1000-r.p.m. Diesel governed 
at 900 r.p.m., and is 49 in. wide, 139 in. long, and 89 in. high 
over the radiator. It is now in 24-hour service on the Fox River 


Fie. 14 ARRANGEMENT OF A 1!/y-Cu. Yo. DIESsEL- 
PoweRED ELEcTRIC-TRANSMISSION SHOVEL EXCAVATOR 


in Illinois. It drives a 10-in. American Manganese pump weigh- 
ing 12,700 lb. The pulley is 18 in. in diameter and has a 22-in. 
face. No operating cost data are yet available as the dredge 
has been in service only a short time. 


LanD-BorNE ExcavaTING MACHINERY 


In the excavating-machinery field there have been several 
commercial applications, and several others are about ready to 
be announced. This development has been an unusually inter- 


esting one. While it is true that the major evolution took place 
during the time when gasoline engines were used exclusively, 
there was an ever-present desire for the opportunity of securing 
the fuel economy and simplicity of the Diesel. In general, 
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sizes because 
of a general 


however, this could not be done on the smaller 
of space limitations on the one hand or because 


Fie. 15 1!/¢Cu. Yo. Dreset-Powerep ELectric-TRANSMISSION 
SHovet ExcavaTor 


(A 4-cylinder, 92-hp., solid-injection, 1000-r.p.m. Diesel direct-connected 
to a d-c. generator.) 


Fic. 16 1-Cvu. Dieset-PowerED MECHANICAL-TRANSMISSION 
DrRaGuine Excavator ON LEVEE CONSTRUCTION IN ARKANSAS 


redesign on the other. With the appearance of the high-speed 
Diesel requiring about the same space as a gasoline engine, there 
was a prompt response, and every manufacturer of excavating 
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equipment investigated the possibilities of the new development. 
Several already have placed machines in the field and, as indi- 
cated above, others have about completed their experimental 
tests and are therefore nearly ready to go into production. 

There are three methods in general use for transforming the 
power of the Diesel into useful work at the bucket tooth. One of 
these is by the use of direct mechanical drives through chains and 
gears, reversal of the motions being effected by means of clutches 
and overloads being cared for through slippage of the latter. 
(Fig. 16.) A second method involves the combination of the Diesel, 
an air compressor, and a mechanical drive to one of the three 
major motions necessary to power-shovel service, namely, hoist, 
swing, and crowd. The air com- 


always been and still is the ideal to which exeavating-machine 
designers look. The quality most uniformly commended is 
the ability of the ungoverned, throttle-controlled steam engine 
to give a uniformly rising torque with decreased speed—the 
“tugging’’ trait, the ability to pry out obstructions. A glance 
at the graph (Fig. 17) will reveal how far from the ideal the 
carburetor engine is and how much better the Diesel is—the 
torque increase at lower speed being nearly 30 per cent for the 
same size of engine. Also a lower final speed (before stalling) 
may be availed of with the Diesel. These factors in addition 
to fuel economy, ete., have made this field particularly fertile 
soil for the high-speed Diesel. 


pressor supplies air to the stor- 
age tanks. From these it passes _—, 


1200 


through a heater and has its 


temperature raised to about 400 Bh, 


deg. fahr. by the exhaust gases 


from the Diesel, and thence to 
the engine used for turning the 


rotating frame about a vertical 
axis, known as the swing or ro- 
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tating engine, and to the en- 
gine used for forcing the bucket 
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into the material being excavated, 

engine. The motion which lifts 100 0 


the bucket up through the ma- 


terial and fills it is the hoist mo- 


T 
tion, and this is chain driven Diese/l-Electric Combination-Powered 


direct from the Diesel crank- 
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shaft. 
The third method direct-con- P's 


by 6% 8° Four-Cylinder Diese! 
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nects a direct-current generator 
to the Diesel and by means of 


differentially wound generator 
fields and other specially de- 
vised control circuits secures from 


Horsepower 


the associated motors speed- // 
torque characteristics closely ap- 


7° Two-Cylinder Ungoverned 
Steam Engine.- Link Réverse - \- 


2 40 
proximating the steam-engine Ya 


speed-torque characteristic ex- 


Yon-Condensing.- Cut Off- 
125 Lb. Steam Pee ure 


cept at very low speeds, where J 
the torque of the Diesel-electric ‘al 


combination is decidedly better a) 200 400 
than that of the steam engine. 
(Figs. 14and 15.) Here there are 
three d-c. motors, usually series- 
wound in the sizes under consid- 
eration, one each for the hoist, swing, and crowd motions. Verti- 
cal-handle controllers mounted in the same relative positions as 
and operated in much the same way as steam-excavator levers 
make handling both simple and easy of learning by the operator. 

There are numerous examples of commercial applications of 
each of these classes. While there is usually no desire for weight 
reduction (counterweight usually being necessary at the rear 
of the excavator), there is a desire for space reduction and in 
the case of the Diesel-electric a desire for high speed in order 
that the generator size and cost be kept down. There are, 
therefore, weighty factors in favor of the high-speed Diesel, 
and the developments of the last two years in the excavating- 
machinery field have been collateral to its development. 

A discussion of the application to excavating machines can- 
not be complete without a word as to one of the peculiar ad- 
vantages of the Diesel over the gasoline engine for this service. 
From the standpoint of operating characteristics, steam has 


60C 800 1000 1200 1400 
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Fic. 17 Comparative Speep-Torque aNnp Speep-Power CHARACTERISTICS OF GASOLINE, 
Dreset-Evectric, aND SteaAM-DrivEN ExcavaTING MACHINES 


A further study of the graph will also show the manner in which 
the shovel designer has availed himself of the fine torque char- 
acteristic of the high-speed Diesel in combination with the added 
flexibility in design of the electrical transmission to effect a speed- 
torque characteristic very closely approaching the ideal steam 
characteristic. For after all in power-excavator service, torque 
is equally important with power. Through a part of the speed 
range the importance of power is predominant, but through 
another portion torque governs. The designer must in some 
way meet both of these requirements in order to make an excava- 
tor which will be profitable in service, and therefore satisfactory 
to the purchaser. 

Fuel costs of less than a cent per cubic yard have been found to 
be common on Diesel-powered excavators by a prominent com- 
pany building this class of equipment. Since the gas engine 
“breaks” at about 50 per cent normal speed, while the Diesel 
“hangs on” to about 30 per cent, outputs are about 10 to 15 
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per cent higher with the Diesel than with the gas engine. The to a 195-kw., 700-volt, d-c. generator. It is claimed that the 
fuel is about half in quantity, and the fuel costs are therefore speed-torque characteristics of this combination are even better 
from 1/s to '/:o, as the price variation per unit is 4or5. Anesti- than those of a steam locomotive while fuel costs are one-fourth 
mate of costs has recently been published by this company. to one-sixth those of the steam. The fuel-oil consumption has 
This estimate shows for a l-cu. yd. machine in a 200-day operat- been found to be 0.48 lb. per b.hp-hr. using 19,500-B.t.u. fuel 
ing year a saving of $2230 over a gasoline-operated machine of oil. At full load about 20 gal. per hour are consumed. One 
the same size, interest and depreciation being properly accounted = gallon of lubricating oil is sufficient for 24 hours of full-load 
for. duty. 
On a real-estate development 25 miles east of Cleveland, THe OvTLooK 

Ohio, a Diesel-air dragline excavator, equipped with a l-cu. yd. 
dragline bucket and handling comparatively easy digging, con- 
sisting largely of black alluvial dirt, and working steadily, since 
the work consisted of building a dike—which means that there 
was no waiting for trucks as the material was dug and dumped 
on the dike itself—used from 20 to 25 gal. of fuel oil at 8'/, cents 


The outlook for the next year in the application of high-speed 
Diesels is very promising. As intimated several times in this 
paper, there are several cases where the manufacturer is at the 
point of announcing a new one. We may confidently anticipate 
a wide and fast-flowing current in this field next year. 

Acknowledgment is made with thanks to all those who have 
given of their time and information—particularly to Messrs. 
R. K. Mangan of the Buda Company, Harvey, Illinois, and 
R. H. Bacon of the Fairbanks-Morse Company, Chicago, Illinois, 
without whose assistance the author’s problem would have 
been a much more serious one. 


Discussion 


S. T. Dopp.‘ It appears to me that it would have added to 
the value of this paper if the author had gone a little more fully 
into the field which has been developed in transportation service 
and which is open for the application of such engines. 

For example, in motor-car service there are 800 motor cars 
operating on railroads in the United States, and sales of such 
cars are running at the rate of 150 to 200 a year. These cars 
are at the present time generally equipped with gasoline engines 
of 150 to 400 hp., but all of that field is open to the light, high- 
speed oil engine as soon as it is deveioped on a successful com- 
mercial basis. 


Another field which is open for the light, high-speed oil engine 
Gemanavon is the application to oil-electric locomotives. There has been so 
(In use in an industrial plant for supply of current for crane service.) much published about experimental work in Europe on the Diesel- 


electric locomotive that the fact is often overlooked that in the 
United States we have made more progress in the commercial 
application of this type of locomotive than anywhere else in the 
hour. world. Mr. Gibbons mentions a 660-hp. oil-electric locomotive 

Generat Cost Data on the Long Island Railroad; one of 300 hp. on the Lehigh 


A rather extended experience of one of the prominent manu- Valley Railroad, and one at Akron, Ohio. Asa matter of fact, 


facturers of high-speed Diesels indicates the following as con- ll these companies have two or three such locomotives in service. 
servative figures for use in cost estimating: The General Electric Company has furnished electric equipment 


for about 40 such locomotives. The majority of them are used 


per gal. for each full 10-hour shift. The average cost for fuel 
oil, lubricating oil, and grease was about 25 to 27!/2 cents per 


Depreciation............ 7 to 10 per cent of original cost, 

» pen - for switching in railroad yards around New York and Chicago, 
Maintenance and repairs.. 0.05 cent per rated b.hp-hr. but others are in service in steel mills and industrial yards as 
— and insurance...... 2 een annually " well as in freight and passenger service. I am rather empha- 
0.42 to 0.6 Ib.* sizing the development of the oil-electric locomotive in 
Lubricating oil........... 0.0005 gal. per hp-hr. United States because the extent of our development is not 


generally appreciated and this is a field already developed and 
Mepium-Speep APPLICATIONS which is open to the light, high-speed oil engine. 

There are numerous applications in the area between low Mr. Gibbons comments on the difficulty of stating operating 
speed and high speed where there is a doubt as to the class in ©0Sts on such locomotives in terms of recognized units. That 
which they should fall. There is the rail car of the New York fact is due to the widely varying conditions under which these 
Central which has a 200-hp., 8-cylinder “V” engine, 8-in. locomotives are operating. It may be of interest to this meeting 
9'/:-in., operating at 550 r.p.m. and making about 3'/, miles to know that the Heavy Traction Committee of the American 
per gallon of oil or about 0.02 cent per ton-mile. This car weighs Railway Association has been collecting data on this subject 
about 105 tons fully loaded and is capable of 60-m.p.h. which are to be presented at the fall meeting of the association 

There is the 300-hp. Lehigh Valley low-speed switching engine ®t Atlantic City. That report will contain a tabulation of the 
which has a 12-cylinder, “V-type, 550-r.p.m., 8-in. X 91/,- cost of operation of all the oil-electric locomotives in service in 
in. Diesel having air injection. This unit is direct-coupled the United States, and it should be an authoritative and valuable 
document on the subject. 


* Depending on various factors, such as percentage of time under 
full load. 4 General Electric Company, Schenectady, N. Y. 
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I wish to give just one word of warning. We have been dis- 
cussing the advantages of the light, high-speed oil engine. We 
all recognize those advantages; the question is, are we going to 
run into unexpected difficulties in the development of this type 
of engine? For railroad service reliability and low cost of main- 
tenance are just as important factors as reduction in weight and 
cost. One of the reasons that the oil-electric locomotive is 
being so widely used at the present time is that operators are 
finding a high degree of reliability in the engine and that it can 
be kept in continuous service without major repairs. This 
is a feature which we cannot afford to sacrifice for the sake of 
reduction in weight and cost. 


J. BarrRAJA FRAUENFELDER.’ It is fitting to mention that in 
an article which I wrote for the February, 1924 issue of Railway 
Mechanical Engineer I brought out the fact that we have had here 
in the United States the opportunity to lead in this particular 
development by reason of the fact that we had already mastered 
the problem of application of Diesel engines to the propulsion of 
submarines, and this type of engine seemed to be the logical 
choice for its application to locomotives. I suggested then that 
this line of development be tried : 

While it is true that some rapid development has taken place 
since this article appeared, I maintain that we should have made 
a start at least ten years and possibly fifteen years earlier. This 
failure to take advantage of our opportunity has given other 
countries an opportunity to lead in this line. 


Grorce V. Lomonossorr.6 Every locomotive is not only a 
power house on wheels, but at the same time a means of railway 
operation. Hence in order to improve the locomotive, it must 
be considered not only from the point of view of the mechanics 
of structures, but also from the point of view of railway equip- 
ment. A railway, like any other transport proposition, may 
be considered a factory, the products of which are ton-miles of 
useful freight. The organization of transport like the organiza- 
tion of any production has two objects: to facilitate the produc- 
tion of a given quantity and to reduce the cost of the product as 
much as possible, which in our case is ton-miles. With these two 
aims in view, the railways make their choice of locomotives. 
From the point of view of the railroads, the best locomotive is 
not the one with the highest thermal efficiency, but the one which 
does most work with least expense. 

The fact that a Diesel locomotive has an overall thermal effi- 
ciency three to three and a half times greater than the steam 
locomotive is firmly established. Likewise its reliability is no 
longer doubted. But nevertheless the total number of Diesel 
locomotives all over the world does not exceed 70. This is ex- 
plained by the fact that railways, especially in America, are not 
sure that Diesel locomotives can lower the cost of the ton-mile. 

Being a railway man, the author considers these doubts quite 
legitimate. They arise from the very nature of the cost of the 
ton-mile. 

If we call n the average number of trains passing over the 
railway every 24 hours, P the useful load carried in each train, 
and s the length of the railway, then the annual number of 
train-miles will be 365 ns and the annual quantity of useful ton- 
miles, i.e., the production of the railway, 


while the intensity of traffic on it will be 
S 


‘+ Consulting Diesel Engineer, Sun Shipbuilding & Dry Dock Co., 
Chester, Pa. 
* Professor, West Port Point, Mass. 
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Further let us call the cost sunk in each mile of the railway, 
exclusive of the cost of locomotives, k, the number of locomotives 
m, their average market value y, and the average annual mileage 
of each of them z. It is obvious that 


mz = 365 ns 
and hence 
365 ns 
n= 
z 


The vearly expense borne by any railway consist of two parts: 
(a) The payment of dividends and the amortization of capi- 
talks + ym. These expenses may be expressed by the formula 


yks + y’ym 
where y is about 0.04 and y’ is 0.1. 

(b) The expenses inherent to operation. These are divided 
into three parts: those that are absolutely independent of the 
magnitude of operation, those that depend on train miles, and 
those that depend on ton-miles. The main item in the first part 
is the maintenance of the track, bridges, building, and similar 
structures and also the general expenses of the concern. The 
locomotive maintenance costs and also the wages of the conduc- 
tors and locomotive crews fall in second part and the fuel costs 
into the third. Let us call the first part as; in other words, let 
us consider it proportional to the length of the railway. Let us 
call the second part 365 bns and the third part 365 cnsP, where 
a, b, and ¢ are constants determined by statistics. With this 
notation the annual expenses of the railway are 


365 
E = yks + y’ 


+ as + 365 bns + 365 cnsP.... [3] 


and the net cost of a ton-mile 


E vyk+a y'(y/xr) +6 
7 + P [4] 


and with steam traction, second term constitutes 40 to 50 per 
cent of e, while c is 15 per cent. The question is how would the 
substitution of Diesel locomotives for steam locomotives affect 
e. First of all, c would decrease by two or three times. This is 
quite certain, but this cannot decrease e by more than 10 per cent. 
The first term will decrease slightly, as with Diesel locomotives 
water stations and apparatus for turning locomotives around, 
cleaning grate, and washing are not required. But all this is less 
than '/; per cent of e. Therefore from the decrease of the first 
and third terms of Formula [4], no greater decrease of e than 
10.5 per cent can be obtained. 

On the other hand the cost y of the Diesel locomotive is 1.7 
to 2.5 times that of the steam locomotive. Certainly, the annual 
mileage of the Diesel locomotive is, according to Russian practice, 
one and a half times that of the steam locomotive, but all the 
same y/z for Diesel locomotives is 10 to 60 per cent greater than 
for steam locomotives. 

Against expectation, Russian practice, as well as that of the 
Baldwin Locomotive Works, has shown that the maintenance of 
Diesel locomotives is slightly cheaper than that of steam loco- 
motives. Furthermore, with the former there are no boilers to 
be washed or grates to be cleaned. In reality y/x + b for the 
Diesel locomotive is 1 to 10 per cent greater than for the steam 
locomotive, and as the second term of Formula [4] constitutes 
40 to 50 per cent of e, this increase is only 0.5 to 5 per cent of e. 
Thus given an equal P we can expect an economy of 5 to 10 
per cent from the Diesel locomotive. This agrees perfectly 
with Russian experience, according to which the freight Diesel 
locomotive with electrical transmission decreases that part of ¢ 
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which depends on the type of locomotive (approximately 38 
per cent of total e) by 18 per cent and the Diesel locomotive with 
mechanical transmission by 19.5 per cent, which is equivalent to 
a decrease in the total e of 6.8 per cent and 7.4 per cent. 

All this is true with equal P; that is, when the steam loco- 
motives and the Diesel locomotives haul trains of the same 
weight. 

Q = (1 + a)P 


where a is the ratio of the weight of the car to the weight of the 
freight transported in it. But up to the present the Diesel 
locomotives in America are far less powerful than steam loco- 
motives; the most powerful of them being able to haul only a 
half of the load hauled by the American steam locomotives. 
By halving P in Formula [4] e increases by at least 40 per cent. 
In other words, considering as before that the decrease in c will 
give an economy of 10 per cent, we can consider that the sub- 
stitution of the present Diesel locomotive for the present 
American steam locomotive would increase the cost of the ton- 
mile by at least 30 per cent. 

And it should be noted that this is with conditions most favor- 
able to Diesel locomotives. The crux of the matter lies in that 
if for a given 


P is halved, the number of trains willhave to be doubled, and 
this in its turn will demand an increase in the traffic capacity. 
In other words, it will be necessary to alter the stations, lay down 
new tracks, etc., which will considerably increase the values of 
k and a in Formula [4]. These expenses would have to be borne 
if the present Diesel locomotives haul the same P as steam loco- 
motives, but at a slower speed, as in this case the railway could 
not have the same quantity of trains 


that it has with steam locomotives. If ¢ is the maximum time in 
hours which it takes a train to travel between block signals, it is 
approximately correct that 


nt = 24j 


where j is the number of main tracks (one to four). But 


~ 
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where z is the distance between block signals and v the speed of 
the train in the most difficult section. , Therefore owing to con- 
ditions of traffic capacity 


and 


From this last formula it is evident that if, for a given traffic 
intensity J, the product of Pv is decreased, it is necessary to in- 
crease the number of main tracks j, or shorten the distance z 
between the signal blocks. Both cost money. 

All these formulas have been written in a very simplified form, 
but from them it is nevertheless obvious that Diesel locomotives 


will be able to compete with steam locomotives only when they 
can haul trains of the same weight and at the same speed as 
those hauled by steam locomotives. 

And this in its turn demands first of all that Diesel locomotives 
should develop the same horsepower as steam locomotives. 
Until this happens no railway will buy Diesel locomotives for 
road service. 

Here we approach the basic difference between the Diesel loco- 
motive problem in America and in Europe. The usual power of a 
freight locomotive in Europe is 1000 to 1500 hp., while in America 
it is about 4000 hp. And the American railroads can be justly 
proud of this, as owing to the high power of their locomotives 
and the corresponding increase of P, they have, in spite of the 
high cost of labor and a somewhat smaller locomotive efficiency, 
attained conditions which have made the cost of the ton-mile 
less, and not more, than in Europe. On the other hand, the 
American Diesel-engine builders are somewhat behind the 
European. 

As a result, when six years ago we in Europe approached the 
Diesel-locomotive problem we had on the market Diesel engines 
of more or less suitable horsepower. These were engines of 
400 to 500 r.p.m. which had proved their reliability in submarines. 
Hence the efforts of European engineers have been directed in the 
last six years, not so much toward the evolution of a special 
locomotive-type Diesel engine as toward the adaptation of al- 
ready well-tried engines to the variable conditions of railway 
service. Putting it more concisely, European engineers have 
worked not so much on the Diesel engines as on transmissions 
between them and the locomotive wheels. 

America has quite different conditions to contend with. Diesel 
engines of 4000 hp. which could be placed in one locomotive cab 
do not exist even now, and the problem before American engi- 
neers is therefore the evolution of this type of Diesel engine, the 
more so as transmissions questions are practically solved by the 
experiments which have been and still are being made in Ger- 
many, Russia, Italy, England, and Switzerland. 

Briefly stated, the results of these experiments show that, as 
was the case of the Sulzer locomotive, the Ansaldo and Kitson- 
Still engines develop their full horsepower only at full speed. 
On gradients they develop only 20 to 30 per cent of their full 
horsepower with a consequent dropping of speed to 5 to 8 m.p.h. 
and this is, as was pointed out before, unallowable owing to 
conditions of traffic capacity. On the other hand, Diesel loco- 
motives with electrical, hydraulic, and mechanical transmission 
develop 100 per cent of their full horsepower, while steam loco- 
motives and Diesel locomotives with gas transmission develop 
not more than 80 per cent of their full horsepower. 

The cost of the electrical and gas transmissions is approxi- 
mately the same, but the efficiency and especially the reliability 
of the electrical transmission is much better than that of the gas. 
The hydraulic transmission is suitable for small horsepowers 
only and can therefore be used on large Diesel locomotives only to 
transmit part of the horsepower as proposed by Schneider. 

Thus only the electrical and mechanical transmissions are left, 
and in this respect Russian experience is interesting. For 
already three years, between Moscow and Kursk (400 miles) 
two freight Diesel locomotives have worked alongside of steam 
locomotives of the same horsepower. Both of these locomotives 
have an M.A.N. Diesel engine developing 1200 hp. at 450 r.p.m. 
One of them has an electrical transmission and the other me- 
chanical. The latter is 18 per cent cheaper than the former. 
and its horsepower is not limited on gradients by the heating of 
the electric motors (there are gradients 50 miles long in Russia). 
Moreover the locomotive with the mechanical transmission 
consumes 11 per cent less fuel than the locomotive with electrical 
transmission. On the other hand, any railway engineer can 
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operate the Diesel-electric locomotive, while only three men in 
Russia can operate the Diesel-mechanical. This locomotive is 
really a giant three-speed automobile, and it must be noted that 
all the trouble occurs with the first (slowest) speed, which is 
mainly used for starting and acceleration. It is therefore 
possible to eliminate the disadvantages of this locomotive by 
substituting a low-powered (15 to 20 per cent of full power) 
hydraulic or electrical transmission for the first speed. 

It must be admitted that for switching service the electrical 
transmission is the only one, but for non-stop road service the 
mechanical transmission has undeniable advantages. But as 
any train must stop occasionally, the future of road-service 
Diesel locomotives belongs in all probability to the combination of 
electrical and mechanical transmissions. 

But the question of transmissions is quite a secondary one in 
America. The real question of whether the Diesel locomotive is 
to exist on the American railways rests in the hands of the 
Diesel-engine builders. In order that the Diesel locomotive 
should displace the steam locomotive, they must produce a 
Diesel engine, light and small in size, developing if not 4000 
b.hp., at least 2000 to 2500 b.hp. The matter lies in the fact 
that every steam locomotive with its tender consists of two ve- 
hicles, while Mallet locomotives consist really of three. There- 
fore if a Diesel locomotive is designed with 2000 b.hp. in one cab, 
by coupling two such locomotives together the same horsepower 
is developed as by the present 4-8-2 or 2-10—2 steam locomotives, 
and by coupling three together a locomotive equivalent to 
a Mallet locomotive is obtained. 

The problem of creating a Diesel engine developing 2500 
b.hp. at 600 to 800 r.p.m. and weighing 75,000 Ib. (30 Ib. per 
b.hp.) can be solved in spite of its difficulties. In Europe this 
solution has very nearly been reached; e.g., the Beardmore en- 
gine and the two-cycle double-acting M.A.N. engine. But it can 
be expected that American engineers will produce a still more 
powerful engine, and what is more important, a simpler engine. 
It must be said that it is wiser to increase the horsepower by 
increasing the horsepower per cylinder and not by increasing the 
number of cylinders. Oil cooling is quite satisfactory, while an 
increase in the number of cylinders coupled with an increase 
in the number of revolutions per minute greatly complicates the 
question of critical speeds and that of the balancing of the Diesel 
engine, which is of special importance on locomotives. Another 
point is that, all things being equal, a two-cycle engine is prefer- 
able. 

The Knudsen engine on the first Baldwin Locomotive Works 
Diesel locomotive, in spite of its thermal shortcomings, is a marvel 
of reliability, and this is far more important for railway service 
than is thermal efficiency. 

In conclusion there is one more point to be dealt with. It has 
been said that in America it is not worth while to consider 
Diesel locomotives because sooner or later all the American rail- 
ways will be electrified. Can this be correct? Electrification 
indubitably decreases the second and third terms of Formula 
[4], but it demands the construction of new equipment such as 
power stations and overhead wires or third rails. The values of 
k and a in this formula therefore increase with electrification. 
In order that this increase should be compensated by the second 
and third terms it is necessary to have / sufficiently large. In 
other words, electrification is advantageous only with a high 
traffic intensity. In the case of America, when there are 20 
trains each way per twenty-four hours, electrification becomes 
advantageous. But firstly, in the West are many lines which 
have only 5 trains in each direction every 24 hours, and secondly, 
even railways like the Pennsylvania, which has more than 100 
trains, are electrifying very slowly. This is because electrification 
demands large capital and gives its results only after all the con- 
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struction on the given section is terminated. Each Diesel 
locomotive, however, gives its economy as soon as it is placed in 
service. Finally Diesel locomotives can be moved from one 
section to another like steam locomotives, while electric locomo- 
tives are tied to the overhead wire or the third rail. 

All this shows that the Diesel locomotive question is well worth 
while working on, and this being so, it is up to the American 
Diesel-engine builders to produce a locomotive-type engine of 
2500 b.hp. 


Huco Moren.’ As the two-cycle high-speed Diesel engine 
has been dealt with rather scantily, and being a strong believer 
in the future of the type I wish to say a few words about this 
subject and to add a few suggestions as to the future design of 
this type. 

The two-cycle engine properly developed, which means a con- 
tinuous brake mean effective pressure of around 80 Ib. per sq. 
in. and a maximum mean effective pressure of not less than 100 
Ib. per sq. in., will lend itself to a successful burning of asphaltic 
fuel oils. 

There have been complaints against the existing four-cycle 
Diesel engines that they are liable to give trouble when burning 
heavy asphaltic fuel oils. 

Having had a rather disappointing experience a few years ago 
with a slow-running four-cycle marine Diesel engine burning 
heavy asphaltic fuel oil of a rather poor quality, the writer 
promised himself to find out if better results could be obtained 
with two-cycle engines. 

So far as my general experience is concerned, it points to the 
fact that this type of Diesel engine, even of similar size, can suc- 
cessfully burn such heavy oils, provided that in the case of the 
smaller engines the start is made on a lighter oil. In other 
words, if the engine previously is warmed up, even a small, 
high-speed two-cycle Diesel can successfully burn asphaltic 
oils up to 0.91 specific gravity. While heavier oil would burn, it 
does not pay to go to extremes with small engines. Of course, 
the heavy oil should be centrifuged before being fed to the 
engine. 

There are certain points, however, which it has been found 
necessary to observe, in order to obtain a complete burning of 
this heavy oil in small two-cycle Diesels, and which may be stated 
as follows: 

1 A high temperature is necessary, either maintained by a 
high compression ratio or by certain uncooled parts of the com- 
bustion chamber or both. 

2 A certain speed and direction of the turbulence in the com- 
bustion chamber will give best results. There is need for more 
research of this point. 

3 Materially assisting is a shape of combustion chamber that 
will give the fuel spray a rapid heating, similar to what takes 
place when the spray is passing closely over a hot metallic sur- 
face without touching. 

4 In smaller engines the longer free spray that can be accom- 
modated the better the result. 

5 In order to avoid the common trouble of carbonization of 
the spray nozzle it is imperative to cool the nozzle most effi- 
ciently. Cooling by leading water around the injection valves 
will be found most efficient, if there is direct metallic connection 
between the water and the nozzle. When efficiently cooled, the 
carbon deposit will be soft enough to be blown away by the spray. 

6 Reduce the amount of after-dripping by including an auto- 
matic injector valve and a squirting injection pump that pos- 
sesses the feature of relieving the pressure in the fuel pipe between 
each injection. 

7 High-Speed Diesel Engineer, American Machine and Foundry 
Co., Brooklyn, N. Y. Mem. A.S.M.E. 


> 
‘ 
7 
By 
; 
. 
¥ 
+. 
As 


52 


7 One of the most difficult things connected with the success- 
ful development of a high-speed two-cycle Diesel engine is the 
proper scavenging of the power cylinders. It is one of the 
easiest things in the world to blow the air into the cylinder 
and have it pass right out through the exhaust ports, leaving the 
best part of the dead gas undisturbed. It is just as difficult to 
replace 95 per cent of the dead gas with pure air in a simple 
two-cycle Diesel engine. A great amount of expensive research 
is required to find the proper way of how to do it, as far as the 
simple two-cycle engine is concerned. In this connection I 
wish to emphasize that the scavenging of a twin parallel-bore 
engine is just as difficult as it is with the single-cylinder engine. 

It certainly would pay to find out about the proper scavenging 
of the simple two-cycle engines, because the two-cycle engines 
offer great possibilities for a high specific power output. The 
following reasons have made themselves deeply felt: 

1 The combustion chamber can be given any suitable shape. 

2 Any amount of surplus air can be supplied with slight 
additional cost of power. 

3 Any supercharging pressure can be applied. 

4 Engine can work successfully against a high exhaust pres- 
sure, thereby inviting the adoption of an exhaust turbine. 

5 Relatively low exhaust temperature exists due to dilution 
by escaping cool scavenging air. 

The most efficient way of scavenging undoubtedly is that found 
in Junker’s opposed-piston engine wherein the unidirectional 
flow of scavenging air helps to thoroughly blow dead gases out 
of the cylinders with a small expenditure of surplus air. A full 
line of circumferential ports aid to an even distribution of scaveng- 
ing air, moving at a uniform rate from one end of the cylinder to 
the other and effectively displacing the dead gas. 

The Junker Diesel engine, however, cannot be regarded as a 
simple engine, particularly if one crankshaft is located at each 
end of the cylinder; moreover, it is a rather tall engine, even if 
it is short. For certain purposes these features may be ideal, but 
for general use a somewhat simplified design might be desirable. 

Recently in England the first single-sleeve valve four-cycle 
Diesel engine was announced. It is designed by Ricardo, the 
famous British engineer, and it runs at 900 r.p.m. with 12-in. 
stroke and 7!/.-in. bore. Its fuel-oil consumption is guaranteed 
to stay around 0.380 lb. per b.hp-hr. for engines built in six- 
cylinder units and developing 300 hp. Due to its sleeve-valve 
construction the combustion chamber is of compact cylindrical 
shape, having around 37/s in. diameter and 3'/, in. height, ma- 
terially aiding in the economical running of this engine. 

Apply the unidirectional scavenging of Junker’s engine to an 
engine similar to Ricardo’s and the result would be a two-cycle 
single-sleeve valve engine, the ports of which would extend all 
around the cylinder bore and thereby be kept relatively low, 
making a longer expansion stroke possible. The combustion 
chamber could be made identical with that of the Ricardo engine. 

The scavenging ports located at the top of the cylinder would 
assist the cooling of the sleeve valve at this point. The straight 
up-and-down movement of this sleeve would be similar to one of 
the sleeve valves of the Knight engine. 
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There remains to be considered the source of the scavenging 
air. The Roots blower may serve; but it is not an ideal acces- 
sory. There might appear in the near future a blower of rather 
unusual construction. There are known to be four types of 
blower—reciprocating, sliding-valve, centrifugal, and the Roots 
blower. The new blower constitutes a fifth type. As well as 
can be judged from the layouts, this new scheme will have 
a high mechanical efficiency and great capacity within a certain 
overall diameter. The whole blower is well adapted to be com- 
bined with the flywheel. 

On the basis of the performance of the Junker’s opposed- 
piston engine and the successful running of the Ricardo engine, 
data worked out for a single-sleeve valve two-cycle engine 
will be practically the same as for Ricardo’s engine of half the 
power output as follows: 


Bore and stroke, 7!/. X 12 in. 

Revolutions per minute, 900. 

Rated mean effective pressure, 85 Ib. per sq. in. 

Number of cylinders and pistons, 6. 

Rated horsepower, 600. 

Overload capacity, 20 per cent. 

Fuel-oil consumption, 0.40 lb. per b.hp-hr. 

Overall length (excluding blower), 9 ft. 

Overall width, ft. 

Overall height, 6 ft. 

Height over crankshaft center, 4'/, ft. 

Approximate weight as a stationary unit, with flywheel, 
conservatively built, would be 11,000 Ib. 


While the sleeve-valve two-cycle engine is not the only possible 
solution of the two-cycle problem, it is one of great interest. 
Again, the twin parallel-bore engine, properly scavenged, lends 
itself to light construction and high specific output. For greater 
output, however, as for instance in locomotive service, I believe a 
balanced, double-acting type of two-cycle Diesel will be the more 


appropriate. 


It can safely be predicted that in the future the two-cycle 
Diesel engine will come into use as a high-speed engine the more 
so as more is known about the scavenging and combustion 
phenomena. 

The aircraft demand for large power plants will be one of the 
driving forces behind the development of light high-speed two- 
cycle Diesels. 


AUTHOR’s CLOSURE 


The author. wishes first to express his appreciation of the 
interest shown by those who have commented on the paper 
and particularly to thank Professor Lomonossoff and Mr. Dodd 
for amplifying the subject and introducing into the record both 
examples of applications and also phases of same not covered in 
the paper. Professor Lomonossoff has very clearly phrased the 
challenge to the manufacturers of Diesels in America. They 
must meet it and overcome it in order to open up fully the 
undoubtedly wide field for high-speed Diesels or oil engines which 
exists in transportation. 
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Diesel Power Plants for Large City Buildings 


An Analysis of the Electric Power Requirements of Large Buildings, and a Study of How 
They May Be Met by Diesel Power Plants. Figures Are Included on the Economics 
of Diesel Power in Two New York Buildings 


By EDGAR J. KATES,' NEW YORK, N. Y. 


Economies and attractive features of Diesel engines for use in 
large city buildings are discussed in this paper. Two examples 
are presented of actual cases where Diesel engines are recommended. 
One is for a building in use several years, the other for a building 
about to be built. 


HE last ten years have witnessed a remarkable advance 
in the design and application of Diesel engines. While steam 
power plants were being improved along lines of higher 
efficiency, the Diesel engine, already enjoying an unsurpassed 
thermal efficiency, was being refined in the direction of lower 
first cost, greater reliability, and smaller space requirements. 
Notably improved in detailed design, in materials used, and 
in manufacturing methods, the modern Diesel engine offers as 
striking a comparison with its predecessor of a decade ago as 
does the modern automobile. Not only has the engine itself 
made marked progress, but the accessory equipment to complete 
the plant has been developed in a manner to assure thoroughly 
reliable performance with a minimum amount of attendance. 
These developments seem to make the modern Diesel engine 
available for the economic production of electric current in large 
city buildings of the office, loft, and hotel type. A number of 
different makes of suitable engines are being produced in the 
United States. The subject is worthy of study on the part of 
owners and managers of such buildings, as there are certain 
inherent characteristics of Diesel engines that make them par- 
ticularly suited to this service. Among these are: 


1 High economy even in small sizes. Even in units as small 
as 100 kw. capacity, the cost of fuel per kw-hr., based 
on 7-cent oil, is only 0.7 cents 

2 A Diesel engine is a complete power plant in itself and 
occupies but little space. For example, the over-all 
dimensions of a 160-kw. Diesel generating unit complete 
are only 6 ft. wide X 17 ft. long X 8 ft. high. Another 
4 ft. of height will allow ample head room for removing 
pistons, ete. 


Certain problems must indeed be faced in the application of 
Diesel engines to large buildings, but the facts at hand indicate 
that they can be solved successfully in the light of modern knowl- 
edge. Of interest in this connection are studies of reliability, 
maintenance cost, vibration, and noise. 


RELIABILITY OF DresEL ENGINES 


Investigation shows the reliability of modern Diesel engines to 
be so well established that it ought not be a matter for concern. 
For instance, there is no power-plant service more severe than 
that of propelling a large sea-going vessel. Yet the use of Diesel 
engines in marine service has been growing rapidly ever since its 
introduction some fifteen years ago, until at present over 50 per 


1 Consulting Engineer. Chairman, Oil and Gas PowerjjDivision, 
A.S.M.E. Mem. A.S.M.E. 

Presented before the Metropolitan Section of Tue American So- 
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cent of the tonnage of ocean-going vessels now being built 
throughout the world are being powered with Diesels. Included 
in this number are several great passenger liners in which re- 
liability of engine performance is vital. 

The reliability of modern Diesel engines has been established 
in many other fields. About one-fifth of the country’s oil en- 
gines are running in the pumping stations on the oil pipe lines, 
the duty of which is very severe. These stations are in continu- 
ous service, twenty-four hours a day, every day in the month, 
and the load is large and steady, averaging 85 per cent to 90 
per cent of rating. This sort of service is a severe test of re- 
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liability, yet typical records of operation show a dependability 
exceeding 99'/, per cent, month after month. In fact, despite 
the early state of the art, some old oil engines have given an 
excellent account of themselves. One large oil pipe line which 
has been running 42 engines on continuous heavy load, twenty- 
four hours a day, 365 days a year for fifteen years, without any 
spare units, reported that the engines had been in duty 98 per 
cent of the total possible time. 

Some remarkably long non-stop runs have been made with 
oil engines in central-station service. A Diesel engine in a Kansas 
municipal power plant ran 201 days in 1924 without stopping. 
More recently a different make of oil engine in another plant 
completed a non-stop run of exactly fifteen months, the shut- 
down even then having been prearranged. Of course, such 
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extended runs are not to be emulated as good practice, but the 
fact that modern Diesel engines can survive such endurance 
tests seems to be fair proof of their sturdiness. 

A nearby example of reliability in industrial service is a 200-kw. 
Diesel generating unit that has been running for five years in a 
Brooklyn factory, operating 24 hours per day continuously for 
periods of four weeks at a time, and then being shut down for 
about six hours for inspection and minor adjustments. This 
engine has never had a forced shutdown. 

Diesel reliability is helped by the simplicity of the plant equip- 
ment, as the plant comprises merely the engine itself and a few 
simple auxiliaries such as water-circulating pump and starting 
air compressor. These auxiliaries are much simpler than the 
multiplicity of apparatus required in a steam plant, in which 
besides the engine there are boilers, coal-handling machinery, 
ash-removal requipment, and numerous pumps of all sorts. 
Another factor that enhances the reliability of a Diesel power 
plant is the fact that the engine units act quite independently 
of each other all the way from the supply of fuel in the oil tank 
to the delivery of current at the switchboard. 

The fact that Diesel-engine production in this country is grow- 
ing rapidly seems to indicate that it has given satisfaction as 
regards the important factor of reliability. This growth has 
been greater than is generally appreciated; in fact, the United 
States census report for 1925 showed that the oil engine dominated 
the prime-mover field in this country in unit capacities between 
10 hp. and 500 hp., as shown in Fig. 1. 


Cost or MAINTENANCE AND REPAIRS 


Records of oil engines used in oil pipe-line service show that the 
cost of maintenance and repairs was as high as $5 per year per 
horsepower twenty vears ago, but that this has steadily declined 
with improvements in design and materials to about one-third 
that amount. In analyzing such cost records care must be taken 
to cover a period of years sufficient for a complete cycle of wear 
and tear to occur. For this reason, it is impossible to ascertain 
from records the true cost of repairs and maintenance for engines 
only recently put in service, as such costs would be fictitiously 
low. However, records of engines that have been used in various 
commercial services from five to ten years show a cost of main- 
tenance and repairs about 0.05 cents per rated hp-hr., and it 
seems safe to assume that present-day engines will show this 
cost or less. This is equivalent to 8 cents per hour for a 100-kw. 
unit. 


VIBRATION 


It is possible to transmit vibrations from an engine to a 
building either through the soil or through the piping. How- 
ever, with proper care in the selection of the engine and in 
the manner of installation, all objectionable vibration may 
be avoided. Suitable engines are available of the multi-cylinder 
type with comparatively small cylinders. Their lighter moving 
parts and their better mechanical balance cause less vibration; 
in this respect they have followed a line of development similar 
to the automobile engine, which today is a far smoother-running 
machine than in the past. Other factors that enter into this 
smoothness of operation are large diameter, stiff crankshafts, 
the use of counterweights, and the use of cork mats under the 
foundations. Flexible connections should be employed in the 
piping to prevent the transmission of vibration, and spring 
mounting may be used not only for the piping, but even for the 
engine itself. 


NoIsE 


The noises that may arise from Diesel engines come prin- 
cipally from the sound of the exhaust gases discharged to the 
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atmosphere, the sound of the air intake, and the mechanical 
noises of the valve motion. Numerous installations show that 
the exhaust and air noises can be eliminated completely by the 
use of silencers of the Maxim type. Exhaust-heat reclaimers 
also act as very efficient silencers. As regards the noises of 
the valve motion, modern design has reduced these considerably 
through more attention to the design of suitable cam shapes, 
reduction in the weights of valves and linkage, better spring 
design, and the use of effective enclosures. The chain drive 
which is now frequently used for driving the cam shaft is almost 
silent, being far superior in this respect to the gear drives pre- 
viously used. 

In applying Diesel engines to large buildings, full advantage 
should be taken of the ease with which their waste heat may be 
regained, and of the feasibility of running them with very little 
human attention. 


Heat Recovery 


Considered as a heat engine, the Diesel is much more efficient 
than steam, and consequently the Diesel discards less heat per 
horsepower-hour. Nevertheless, the rejected heat should not be 
wasted, as heat is almost always needed in a large building, and 
the Diesel’s discarded heat can be recovered with little extra 
equipment. 

The heat energy of the fuel supplied to the Diesel engine is 
finally distributed into actual work at the engine crankshaft, 
frictional losses, heating of the cooling water in the engine jackets, 
heat in the exhaust gases, and miscellaneous heat radiation to 
the atmosphere. A typical heat balance is shown in Table 1. 
It will be noted that the jacket-water heat, amounting to 27 
per cent of the heat in the fuel, is almost as much as the heat that 
is turned into work. This jacket-water heat can be utilized 
directly in the form of warm water. About 40 per cent of the 
exhaust heat can be recovered by passing it through a simple 
exchanger of the shell-and-tube type, the recovery amounting to 
about 11 per cent of the heat in the fuel. By thus utilizing the 
jacket and exhaust heat, a total recovery of about 38 per cent 
may be obtained, corresponding to about 4500 B.t.u. per kw-hr. 


TABLE 1 HEAT BALANCE OF DIESEL ENGINE 
Showing importance of heat recovery 
B.t.u. Heat recoverable 
per b.hp. Useful _B.t.u. per b. hp. 
per hr. Per cent per cent per hr. 
Brake work 2545 33 33 
Friction 680 9 Sa 
Jacket water heat 2100 27 27 2100 
Exhaust gas heat 2200 28 1l 880 
Radiation, etc. 255 3 _ 
Total 7780 100 71 2980 or 
4500 B.t.u 
per kw-hr. 


Although the exhaust-heat reclaimer performs less than one- 
third of the total heat recovery, it serves an important function 
in raising the temperature of the water higher than would be 
safe in the engine jackets themselves. For example: If the 
water enters the engine jackets at 40 deg. fahr. and leaves them 
at 140 deg. fahr., it will leave the exhaust heat reclaimer at about 
180 deg. fahr. This final rise in temperature is needed to make 
the water useful where a temperature of 140 deg. fahr. would be 
too low. As a matter of fact, the exhaust heat can be used to 
make steam, but in this case only part of the jacket water can be 
evaporated. However, if only a small quantity of steam is 
needed and the rest of the jacket water can be utilized in the 
form of warm water, all of the heat can be saved. The exhaust 
heater is a compact and inexpensive affair similar to a fire-tube 
boiler without a furnace. It is quite easy to keep clean when 
used with modern high-grade Diesel engines, as the combustion 
is clean and little or no soot is deposited. 

The recovery of the waste heat from Diesel engines in a build- 
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ing is especially valuable in mild weather when it permits shutting 
down a fuel-burning boiler plant or discontinuing the purchase 
of street steam. An excellent use for this heat is for the hot- 
water service of the building. Another use is in combination 
steam and Diesel plants, where the Diesel jacket water at say 
140 deg. fahr. can be piped directly to the boiler feedwater heater, 
thus recovering about 27 per cent of the heat of the Diesel fuel 
at no cost or complication whatever. 

It should be kept in mind that the utilization of the heat in 
the jacket water serves a double purpose; it not only effects a 


160-Kw. Semi-Automatic INSTALLATION 


Fic. 2 


reduction in heat required from other sources, but it also ob- 
viates the need of equipment for re-cooling the Diesel jacket 
water, or the expense of wasting it. 


Semi-AUTOMATIC OPERATION 


The amount of attendance required in Diesel power plants is 
being gradually reduced both because the engines themselves are 
being made more simple and more rugged, and because various 
forms of automatic control are being introduced to relieve the 
operator of routine duties. The modern engine seems to require 
but little operating attention. The supply of fuel, of lubricating 
oil and of cooling water is quite automatic, and any derangement 
may easily be guarded against. Each engine in a plant can be 


OGP-51-6 55 


so arranged that if the lubricating oil pressure should drop, or 
the cooling-water supply cease, a warning alarm would be sounded, 
and if it were not heeded in a reasonable time, the engine would 
be automatically shut down before any damage would be 
done. 

Actual installations have demonstrated the ease with which 
Diesel power plants lend themselves to semi-automatic control, 
thus permitting one operator to attend a large number of engines, 
or in smaller plants, to occupy himself with other useful duties. 
Such automatic controls not only reduce the power-plant payroll 
expense, but also lead to improved operating conditions. They 
act promptly as soon as the need for action arises, while with 
manual control a delay is inevitable before the operator’s atten- 
tion has been attracted. Fig. 2 shows a 160-kw. Diesel in- 
stallation in an iron works in Brooklyn, N. Y., where semi-auto- 
matic control has reduced the power-plant attendance to only 
one-quarter of one man’s time. 


Various PLAnt SCHEMES 


All buildings require heat as well as power, and it is necessary 
therefore, to consider the heat requirements along with the 
power needs. These can be served by many possible combina- 
tions, such as 


Diesels for power, steam boilers for heat only 

Steam boilers and steam engines for heat and power 

Diesels for power, street steam for heat only 

Street steam for heat and power 

Steam boilers with steam engines and Diesel engines in 
various proportions. 


orf 


The simplest scheme is to use Diesel engines for power, and 
street steam for the heat required beyond that recoverable from 
the Diesels. This scheme is particularly applicable in certain 
sections of down-town New York where street steam is available, 
and the basement space is too limited or too valuable for a boiler 
plant. In this scheme the following attractive features of Diesel 
power, besides that of low cost, become apparent: 

1 There are no labor troubles with firemen. Any good steam 
engineer can learn to run a modern Diesel engine. (A licensed 
engineer is not required by law.) 

2 Only a small amount of fuel needs to be transported through 
the streets. One 1500-gallon tank wagon will deliver fuel for 
15,000 kw-hr., or enough to run a 350-kw. plant for a week. 

3 There are no ashes to be removed. 

4 There is no smoke. 
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5 The Diesel power plant is very compact and can be fitted 
into a surprisingly small space. 

6 All of the plant equipment can be installed easily. The 
engines themselves can be dismantled so that the small pieces can 
pass through the usual freight elevator shaft. 

7 The exhaust gases can be easily disposed of, and their pipes 
are very much smaller than the stack of an equivalent steam 
plant. (A moderate increase in back pressure caused by a long 
exhaust pipe is not detrimental to either a four-cycle engine or 
a two-cycle engine with positive scavenging.) 


Power Stupy For OFFicE BUILDING 


The following power study is an example of the simple scheme 
just mentioned, i.e., Diesel engines for power and some heat, 
and street steam for the remaining heat. The study was based 
on actual data obtained in a certain office building in New York 
City, eighteen stories high, containing 235,000 sq. ft. of rentable 
area. There is nothing unusual about this building, and it is 
probably typical of a great many others in which the question of 
a private power plant is receiving consideration. 

Figs. 3, 4, 5, 6, and 7 give a complete picture of the actual 
load conditions in this building. Fig. 3 is a reproduction of a 
graphic chart from a wattmeter in the power circuit serving the 
elevators and the basement machinery. The chart scale is 
quite extended, and shows the load variations in great detail, 
in fact, every jog due to every movement of an elevator control 
handle is clearly shown. One notes with surprise how trivial 
these jogs are; they are so momentary that they would be carried 
principally by the engine flywheels. 
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Fig. 4 shows the power load for a typical 24-hr. day, and was 
charted from the same graphic data. The heavy line shows 
the steady load condition and the dotted line shows the mo- 
mentary peaks caused by the elevators. This chart is also 
somewhat surprising to those unfamiliar with office-building 
conditions because of the remarkably uniform load that is shown 
to exist throughout the entire business day. In fact, between 


the hours of 9:30 a.m. and 5 p.m. the maximum load exceeds 
the average load by less than 12 per cent. 


The lighting load, as shown in Fig. 5 has similar steady charac- 
teristics. As a result, the combined power and lighting load, 
shown in Fig. 6, is quite uniform throughout the business day, 
and the load factor over the entire twenty-four hours is prac- 
tically 50 per cent. 

Fig. 7 shows the consumption of electricity month by month 
for one year, and indicates that there are no significant variations 
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due to the seasons. The annual load factor is found to be 38 
per cent. This is very high in comparison with the annual load 
factors of 15 per cent to 20 per cent that are common in many 
successful industrial applications of Diesel power. High load 
factor favors Diesel power in an economic sense because fixed 
charges per unit of output are reduced materially. Probably 
one reason why Diesel engines have heretofore not been applied 
to large buildings was the erroneous opinion that the load factor 
was extremely low. 

Before deciding upon the design of a Diesel power plant to 
serve this building, a preliminary study was made on the subject 
of breakdown service. The best scheme from the point of view 
of cost as well as other factors was found to be a spare Diesel 
engine. 

Accordingly the plant was designed to contain four Diesel 
generating units of 120 kw. each. Three units would carry the 
peak load of 350 kw., and at least one spare unit would be avail- 
able at all times. (See Fig. 6.) One unit would carry the night 
load, which is less than 120 kw. during the entire period from 
6:30 p.m. to 4:30 a.m. 

Space Occupied. The total room space occupied would be an 
area of about 34 ft. * 48 ft. and about 12 ft. high. 

Initial Cost. The cost of the engines, generators, switchboard, 
wiring, foundations with cork isolation, oil storage tanks, ex- 
haust-heat reclaimers and silencers, exhaust pipes to roof, all 
other piping, water-circulating pumps, air compressors, oil re- 
claimers, and all accessory equipment, delivered and erected, 
would be about $77,000. 

Fixed Charges. Fixed charges were estimated at 12 per cent, 
which would include interest at 6 per cent, and depreciation based 
on a fifteen-year life, requiring a sinking fund of 4.3 per cent. 
(With a 20-year life, and this appears to be quite probable with 
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the modern Diesel engine, the sinking fund would be only 2.7 
per cent.) The factor of obsolescence may be disregarded with 
Diesel engines as the efficiency of the latest engines is practically 
the same as that of the earliest models. It would seem there- 
fore that including also insurance and taxes, 12 per cent total 
fixed charges on the entire investment would be ample. 
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Operating Schedule. Making liberal allowances on the basis 
of the load curve shown in Fig. 6, the typical operating schedule 
would be ten hr. with three engines running, five hours with two 
engines, and nine hours with only one engine in service. The 
total running hours for the year, allowing for Saturday after- 
noons, Sundays, and holidays, would be about 16,000 engine-hours, 
out of a possible 35,000. Thus there would be ample time for 
inspections and overhauling. 

The operating cost of Diesel power plants consists of but a 
few main items; fuel, lubrication, attendance, and maintenance 
(which is figured to include miscellaneous supplies). 

Fuel Costs. Under the existing load conditions, the fuel 
efficiency may be assumed at 10 kw-hr. per gallon. (This corre- 
sponds to a fuel consumption of 0.49 Ib. per b.hp-hr., while 
builders’ guarantees run from 0.43 to 0.45 lb. between three- 
quarter and full load, and about 0.48 Ib. at half load.) With 
Diesel fuel at seven cents per gallon delivered, the fuel cost is 
0.70 cents per kw-hr. 

Lubrication. The lubrication efficiency may be safely assumed 
at 2000 rated hp-hr. per gallon, and the cost of Diesel lubricating 
oil at 60 cents per gallon. 

Attendance. The staff would consist of a chief engineer at 
$50 per week and two assistant engineers at $40 per week each. 
Semi-automatic control would relieve these men of many routine 
duties, and give them time for useful work elsewhere in the 
building. 

Maintenance. As heretofore explained, experience shows that 
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the cost of maintenance, including outside labor and miscellaneous 
supplies, may be safely figured at 0.05 cents per rated b.hp-hr. 

Heat Recovery. As already shown, 4500 B.t.u. can be re- 
covered per kw-hr. All of this heat can be utilized in the hot- 
water service in the building, which happens to include a restau- 
rant. Not much hot water is produced during the night because 
of the light load; it can all be stored in a small tank, and used 
by the scrubwomen in the early morning. This hot water will 
reduce the street steam used in the hot-water heaters by about 
4'/, lb. of steam per kw-hr. The price of the street steam in the 
lower brackets is about 80 cents per thousand pounds. 

Summary of Diesel Power Cost. On the above basis the cost of 
electric current generated in this proposed Diesel power plant is 
summarized in Table 2. The net operating cost for producing 
1,165,400 kw-hr. per year is $13,032, or 1.12 cents per kw-hr. 
Adding overhead charges of 12 per cent on the entire investment, 
the total annual cost is $22,272 or 1.91 cents per kw-hr. 


120,000 
- 
ANNUAL LOAD FACTOR = 2163800 = 
8760 x 350 km. 
110,000 
Tota! Consumption 4 
100,000 


V4 


70,000 


Consumption for 
4 \ Building Service only 


40,000 


Consumption of Electricity, Kw-Hr. per Mont 


June July Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar: Apr. May 


MontTuity CoNnsuMPTION OF ELECTRICITY FOR YEAR IN 
Orrice BUILDING 


Fig. 7 


For comparison, there is shown the cost of purchasing the 
same amount of current at the wholesale rates now prevailing in 
New York City. The cost of attendance and the fixed charges 
on the investment have been disregarded in this case. The 
annual bill for purchased current is $35,264 or 3.03 cents per 
kw-hr. 

These figures indicate that the Diesel power plant would effect 
a net saving of $12,992 per year, which is a net return of cver 
16 per cent on the investment (in addition to the 12 per cent 
fixed charges). 

Putting it another way, the actual outlays in running the Diesel 
power plant are $22,232 less than the annual bill for purchased 
current, and these savings will retire the entire investment of 
$77,000 in less than four years, after which there would be a 
net saving of over $22,000 each year. 

The financial incentives for installing a Diesel power plant 
in this building are thus exceedingly attractive. In other build- 
ings, the incentives may be greater or less, depending upon many 
local factors. It is of course impossible to generalize, and a de- 
tailed study is needed in each case. 

Financing Methods. To install a Diesel plant in a building 
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TABLE 2 SUMMARY OF COST OF DIESEL POWER 


Eighteen story office building, rentable area 235,000 sq. ft. 
Annual consumption of electricity 1,165,400 kw-hr. 
Peak load 350 kw. 
Investment in 480 kw. Diesel power plant $77,000 
Diesel Power Costs 
Dollars per Cents per 
year kw-hr. 
Fuel, 1,165,400 kw-hr. X 0.70 cent $8,158 0.70 
Lubricating oil, 16,000 X_ 120 X 1.5 X 0.60 864 0.07 
2000 
Attendance ($50 plus $40 plus $40) XK 52 6,760 0.59 
Maintenance, 16,000 K 120 X 1.5 X 0.05 cent 1,440 0.12 
Gross operating cost ‘$17, 222 1.48 
Credit for street steam saved through recovery 
of Diesel heat, 1,165,400 4.5 X $0.80 4,190 0.36 
1000 
Net operating cost $13,032 1.12 
Overhead charges, 12% X $77,000 9,240 0.79 
$22,272 1.91 
Comparison With Cost of Purchased Current 
Dollars per Cents per 
year kw-hr. 
1,165,400 kw-hr. at existing wholesale rate $32,933 2.83 


1,165,400 kw-hr. at $0.002 coal surcharge 2,331 0.20 
Attendance, and overhead charges on invest- 
ment disregarded 


$35,264 3 03 
Net saving with Diesel power $12,992 1.12 
Net return on investment (besides 12% over- 
head charges) 16.8% 
$22,232 1.91 


Operating saving with Diesel power 
Time to retire Diesel investment 
like the one described requires an initial outlay equivalent to 
several years’ bills for purchased current. If the building owner 
does not wish to make this outlay, he can take advantage of 
modern financing services whereby he can gradually acquire a 
valuable power plant at no outlay other than the initial down- 
payment. 

For instance, the $77,000 Diesel power plant referred to can be 
installed at an outlay, on the building owner’s part, of $23,000 
(equivalent to eight months’ electric bills), the balance being in 
the form of 6 per cent notes covering a period of five years. The 
savings in operating costs compared to the bills for purchased 
power, amount to $22,232 per year. This sum will not only 
suffice to meet the finance company’s notes and interest pay- 
ments, but will give a surplus of about $8000 per year which can 
be used to retired the owner’s $23,000 initial outlay. Thus the 
owner’s outlay will be retired within three years, after which he 
will make a net saving of $8000 annually. In two years more, 
five in all, the finance company will have been completely repaid, 
whereupon the building owner will make net savings of over 
$22,000 each year for the life of the plant, another ten or fifteen 
years. This is an attractive return on a $23,000 outlay which is 
itself repaid in only three years. 


Under 4 years 


CoMBINED STEAM PoWER AND DiEsEL PLANTS 


When the heating of a building is done by its own boilers, the 
engineering study becomes broader and more complex. High- 
pressure boilers cost little more than low-pressure, and the 
cost of producing steam at 150 Ib. is little more than at low pres- 
sure; consequently power produced by steam engines, when all 
of the exhaust steam is utilized in the heating system, is cheap 
indeed. In such cases, the amount of fuel burned to produce 
one kw-hr. is less than one-half pound. But when the exhaust 
steam is wasted to the atmosphere or when it is condensed, steam 
power costs much more than Diesel. This indicates that the 
most economical type of private power plant would be a com- 
bination of steam and Diesel power in some definite proportion 
depending upon the local conditions. Studies of actual cases 
confirm this. Within the time available, only one condensed 
example can be presented. 


Power Stupy ror Lorr 
The case chosen is that of a large manufacturing building 
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about to be constructed in downtown New York. The building 
will cover an entire block and will have a cubage of approxi- 
mately 14,000,000 cu. ft. Since all figures are based on estimates, 
they are approximate only. The heating load for the building 
will be 80,000 sq. ft. and this together with the hot water service, 
will impose a maximum demand for low pressure steam of 25,000 
Ib. per hr. and an annual consumption of 33,000,000 Ib. _ It is esti- 
mated that there will also be a demand for high-pressure steam 
for tenants’ manufacturing purposes approximating 25,000,000 
lb. of live steam per year. 

As regards the electric requirements, the lighting load will 
reach a maximum of 550 kw., with an annual total of 1,075,000 
kw-hr. The elevator load will require a maximum of 450 kw. 
and an annual total of 1,580,000 kw-hr. Service motors will 
consume another 330,000 kw-hr. per year. The tenants will also 
require electric power for manufacturing purposes, and this is 
estimated at a maximum demand of 350 kw. and an annual con- 
sumption of 1,175,000 kw-hr. The consumption of electricity 
in the entire building thus totals 4,200,000 kw-hr. per year, 
of which 1,750,000 kw-hr. will be chargeable to tenants, and 
2,450,000 kw-hr. to the owners. 

The detailed studies indicate that the normal daytime load on 
the generating plant will be from 900 to 1000 kw., that the maxi- 
mum load will be from 1400 to 1500 kw. for one or two hours, 
and that the night load will be from 150 to 200 kw. On this 
basis, the proper division of generating equipment is 1700 kw. 
in three units of 500 kw. each and one of 200, each having a 
two-hour 25 per cent overload capacity. This will permit the 
plant to handle the peak load with any one of the units out of 
service. 

Alternate Plant Schemes. Studies of the costs and economies 
were made for the following schemes of plant: 

A Three 500-kw., and one 200-kw. uniflow-engine generating 
units. Three oil-fired boilers of 700 to 750 rated hp. each. 
All necessary boiler-plant and engine-room auxiliaries, pumps, 
piping, instruments, ete. 

B_ The same plant as A; except that one of the 500-kw. units 
is to be a Diesel engine generating unit, including foundation, 
oil-tanks, muffler, auxiliaries, and piping. 

C Two 500-kw. uniflows, one 500-kw. Diesel, one 200-kw. 
Diesel. Three 500-hp. boilers. All auxiliaries, etc. 

D One 500-kw. uniflow and one 200-kw. uniflow, two 500-kw. 
Diesels. Three 400-hp. boilers. All auxiliaries, etc. 

E No generating equipment (current to be purchased). 
Three 400-hp. high-pressure boilers for supplying tenants’ steam 
and low-pressure steam. Boiler plant auxiliaries. 

Analyses of Costs. Table 3 gives an estimate of the initial 
cost of each scheme, omitting for ease of comparison, those 
items that are common to all of them. The all-steam power 
plant is the cheapest of the private plants, and costs $175,000 
more than the heating plant without generation. Scheme “C”’ 


TABLE 3 INITIAL COST OF VARIOUS Senne, OMITTING 
ITEMS COMMON TO A 


Scheme A Scheme B Scheme on Scheme D Scheme E 


Boilers 3-750 hp. 3-750hp. 3-500hp. 3-400 hp. 3-400 hp. 

St. power 3-500 kw. 2-500 kw. 1-500 kw. 
and and and 

Diesel power 1-200 kw. 1-200 kw. 2-500 kw. 1-200 kw. None 
None 1-500 kw. — kw. 2-500 kw. None 

an 
Boiler plant and 1-200 kw. 
auxiliaries $ 98,000 $98,000 $ 82,000 $ 68,000 §$ 68,000 


Steam-power plant 
and auxiliaries 130,000 94,500 75,000 er 


Diesel power plant 


and auxiliaries 70,000 98,500 
Switchboard, wir- 

ing, etc. 15,000 15,000 15,000 eer 

Total $243,000 $277,500 $270,500 $279,000 $ 68,000 
Less scheme ““E” 68,000 68,000 68,000 68,000 

Net $175,000 $209,500 $202,500 $211,000 
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with two 500-kw. steam units, one 500-kw. Diesel and one 200- 
kw. Diesel, is the cheapest combination plant, costing $202,500 
more than the non-generating plant. 

Table 4 gives the estimated labor cost for each of the several 
schemes. It is based upon using oil for boiler fuel, and upon a 
liberal wage scale which is justified by the cost of the equipment 
to be operated. The annual labor cost for operating any one 
of the various generating schemes is $13,000 more than with 
purchased current. 


TABLE 4 OPERATING LABOR (OIL-BURNING) 


Item Scheme A Scheme B Scheme C Scheme D Scheme E 
Chief engineer $5,000 $5,000 $5,000 $5,000 $3,500 
Assistant engineer 6,000 6,000 6,000 6,000 2,500 
Firemen 5,000 5,000 5,000 5,000 5,000 
Oilers 3,000 3,000 3,000 3,000 vee 
Electricians 5,000 5,000 5,000 5,000 eae 

Total 24,000 24,000 24,000 24,000 11,000 
Less item E 11,000 11,000 11,000 11,000 


OGP-51-6 59 


to install but most expensive in annual costs, while “C”’ (1000 kw. 
in steam and 700 kw. in Diesels) is the cheapest to install of 
the combination plants and practically the cheapest to operate. 
Schemes “B” and “D” are therefore discarded. 

Before comparing the private-plant schemes with purchased 
current, it is necessary to take account of the revenue obtained 
from the tenants for the current furnished them by the private 
plant. This is shown in Table 7, the electric revenue being 
$105,000 per year, and the high pressure steam $19,000. 


TABLE 7 REVENUE FROM TENANTS FOR PLANT SERVICE 


Tenant steam—23,000,000 Ib. K 75c = $19,000 
Tenant current— 1,750,000 kw-hr. at 6c = 105,000 
Total $124,000 


Final Comparison of Costs. The final comparison is given in 
Table 8. Both of the private-plant schemes show a net profit 
to the owners, in addition to supplying all the building services, 


Net 13,000 13,000 13,000 13,000 
TABLE 5 ANNUAL STEAM AND FUEL CONSUMPTION 
Item Scheme A Scheme B Scheme C Scheme D Scheme E 

Current generated by steam 4,200,000 kw-hr. 2,700,000 kw-hr. 2,100,000 kw-hr. 1,900,000 kw-hr. =... .... 
Steam for engines 147,000,000 Ib. 95,000,000 Ib. 74,000,000 Ib. 67,000,000 Ib. , —e 
L. P. make-up steam 5,000,000 Ib. 7,000,000 Ib. 33,000,000 Ib. 
Tenant live steam 25,000,000 Ib. 25,000,000 Ib. 25,000,000 Ib. 25,000,000 Ib. 25,000,000 Ib. 
Auxiliary steam 6,000,000 Ib. 6,000,000 Ib. 5,000,000 Ib. 4,000,000 Ib. 4,000,000 Ib. 
Pipe losses 5,000,000 Ib. 5,000,000 Ib. 4,000,000 Ib. 3,000,000 Ib. 2,000,000 Ib. 

Total steam 183,000,000 Ib. 131,000,000 Ib. 113,000,000 Ib. 106,000,000 Ib. 64,000,000 Ib. 
Boiler fuel oil 1,830,000 gal. 1,310,000 gal. 1,130,000 gal. 1,060,000 gal. 640,000 gal. 


Current generated by Diesels 


1,500,000 kw-hr. 


Diesel oil 150,000 gal. 


Table 5 is an analysis of each scheme showing (a) the amount 
of current generated by steam and by Diesels, (6) the total 
high-pressure steam requirements, and (c) the amount of boiler 
fuel oil and Diesel fuel oil consumed. In all the generating 
schemes, the live steam used by the steam engines greatly ex- 
ceeds the quantity of low-pressure steam needed for heating 
(33,000,000 Ib. per year), but the demands for power and heat 
not being wholly coincident, schemes “‘C’’ and “D” require a 
certain amount of live steam to be fed to the heating system 
through reducing valves. 

In Table 6 the data of the preceding tables is converted into 
dollars and cents. Here are shown the various elements of the 
annual and fixed charges for the four generating schemes, com- 
pared to the purchase of all current under scheme “E.’’ Under 
scheme “E”’ two plans are shown, one, that of purchasing only 
the owners’ current (the tenants purchasing their own current 
direct from the public utility); the other plan being for the 
owners to purchase at wholesale rates all of the current used 
in the building, and to resell part of it to the tenants at the usual 
retail rate, i.e., to sub-meter it. (The legality of the latter plan 
is now being questioned before the Public Service Commission of 
New York and commissions of several other States.) 

The tables were worked out in such a way that all items of labor, 
fixed charges, etc., were eliminated from scheme “E” in order to 
make the comparison as simple as possible. 

Among the generating schemes, “A’’ (all steam) is cheapest 


2,300,000 kw-hr. 
230,000 gal. 


2,100,000 kw-hr. 
210,000 gal. 


incumbent upon the owners. Of the two, scheme “‘C”’ is the 
better, as it shows $8000 greater profit per year on a $28,000 
greater investment, besides paying the fixed charges on the 
increased investment. 


TABLE 8 COMPARISON OF PRIVATE PLANT SCHEMES AND 
PURCHASED CURRENT 


Scheme A Scheme C Scheme E 
Purchasing 
Purchasing all current 
_ Extra _ _Extra owner's and sub- 
Item initial cost initial cost current metering 


$175,000 $202,500 only 
Total charges for power 


to tenants 


including overhead $113,260 $105,460 $92,500 $127,5 
Revenue from tenants 124,000 124,000 19,000 124,000 


Net profit to owners $ 10,740 18,540 
Net loss toowners ...... 


$73,500 $ 2,500 
Comparing scheme “C”’ with “E,”’ assuming that sub-metering 
will be permitted, the first shows an annual profit of $18,500 
and the second an annual loss of $2500. Thus scheme “C”’ 
shows an annual saving of $21,000 net after charging off 12 
per cent fixed charges on an investment of about $200,000. 
Another way of looking at this is not to figure fixed charges as 
such; in that case, the savings in the operation of scheme “C,” 
as compared with scheme “E,” are approximately $45,000 per 
year, enough to retire the increased investment in about 4'/2 
years, and yield this much net gain each year thereafter. 
Of course, if sub-metering under scheme “E” should not be 
permitted, then scheme “C’’ becomes 


TABLE 6 TOTAL ANNUAL CHARGES, IN EXCESS OF * ala AND LABOR FOR HEATING still more attractive. Its net annual 
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return in that case becomes $92,000, 


Scheme A Scheme B Scheme C Scheme D Scheme E 
: Extra Batra am Extra Purchasing Purchasing or, including fixed charges $116,000; 
tem initial cost initial cost initial cost initial cost owner's cur- all 
$175,000 $209,500 $202,500 $211,000 rent only current enough to retire the investment in 
12% on excess investment $21,000 $ 25,200 $ 24,300 $ 25,300 ‘ees less than two years, and thereafter 
xcess labor 13,000 13, J 
Insurance on labor 260 260 Sg eee yield a net annual return of over 
Steam repairs and lubrication 6,000 6,000 4,500 4,000 $2,000 $ 2,000 55 per cent. 
Boiler fuel oil at 4c 73,000 52,500 45,200 42,500 27,000 27,000 The savings indicated are of such 
Owner’s current only 63,500 ti... . magnitude that it pertinent to note 
All current 98,500 that the assumptions made in de- 


$113,260 $109,960 $105,460 $105,360 $92,500 $127,500 
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“GC” are conservative. (a) The cost of the Diesel-engine 
equipment has been figured liberally. (b) There have been neg- 
lected the appreciable savings in labor and fuel, which could 
be made by shutting down the boiler plant for one shift each 
night, inasmuch as the small Diesel can carry the night load, 
and no heating need be furnished at that time. (c) The annual 
load factor for the Diesels is only 34 per cent, whereas, by 
careful management of the plant, this factor could be consider- 
ably increased, producing a substantial added profit, as it takes 
only one-third as much money spent for De'sel oil as for fuel oil 
under the boilers, to generate a given amount of current. 

A point worth noting in connection with scheme “C’’ is the 
possibility that the deraand for power by the tenants in this 
building may ultimately increase considerably beyond the present 
estimates, because of the steadily increasing use of power in 
industry. If this should occur, another Diesel unit could be 
added with little difficulty and at small expense compared to 
additional steam boilers and engines. Furthermore, it would 
produce the added power at a total cost, including fixed charges 
of about 1'/. cents per kw-hr., much less than the steam plant, 
whose exhaust steam could not be utilized. 


CONCLUSION 


Within the limits of this paper it has been manifestly impossible 
to give a complete picture of the application of the modern Diesel 
engine to large city buildings, and it has therefore been confined 
to what, in the author’s opinion, are the salient points. Many 
factors enter into the selection of the engines themselves and 
the detailed design of the plant with its piping and accessories. 
A careful study must, of course be made of each case. Numerous 
refinements can be worked out, such for example as the automatic 
division of the load between steam engines and Diesels, which 
with direct-current equipment, could be accomplished by con- 
trolling the voltage of the steam units according to the back- 
pressure in the exhaust-steam mains. These, however, are 
simply matters of applying competent engineering skill, and 
there can be little doubt about their successful accomplishment. 

The use of Diesel engines in large city buildings has so many 
attractive features besides the great financial incentive, that 
careful study of their application is well justified, and it may be 
confidently expected that they will ultimately come into wide- 
spread use. 


Discussion 


Mitton O. Nincarp.? The fact is well established by this 
paper that no rule can be laid down for the decision as to what 
is the best plan for furnishing power in buildings of this type. 
The apparent possibilities of savings being so great, means that 
any power solution must be carefully thought out, and selected 
only on the basis of a particular building’s load and heating re- 
quirements. To make such a decision requires the analysis of 
the problem from every possible viewpoint. The author has 
shown a large saving for the case in hand which of course must be 
weighed against the advantages or disadvantages of any other 
solution which cannot always be expressed in figures. He has 
shown that the one big objection of tying up the large amount 
of capital necessary to make the installation can be eliminated 
simply by letting the actual decreased power cost, because of 
the installation, pay whatever capital is necessary to effect this 
decreased cost. 

In other words, the question of necessary capital investment 
need not influence the decision as to how to furnish the power. 
Likewise, economically the question of necessary life of machine 


2 Assistant to Vice-President, Commercial Credit Companies, 
Baltimore, Md. Jun. A.S.M.E. 
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need not be a major question affecting the decision, for as long 
as the power equipment is made to pay its cost, the fact remains, 
as long as load conditions are as stated, that improvements 
making the present selection obsolete can only make larger 
savings possible but cannot affect the savings used as a basis of 
installation. 

In one case analyzed the capital outlay necessary to finance the 
complete Diesel plant, which includes building changes, founda- 
tions, wiring, etc., was less than one-third of the cost. In less 
than five years the complete plant was actually operating with- 
out a capital cost, the initial outlay having been repaid at the 
end of three years operation. This may have been only a 33 
per cent return on capital the first year, 50 per cent the second, 
and 100 per cent the third, but in addition the plant was paying 
for itself. 

When an engineering analysis shows a potential saving, should 
steps be taken immediately to effect this saving or not? When 
once convinced of these savings, by waiting to take advantage of 
them money is lost over the waiting period that can never be 
regained even if installation is finally made. 


Apert H. It is well to emphasize the statement 
made by the author in his conclusion that it is impossible to give 
a complete picture and only the salient points, as he viewed them, 
were touched upon. No general conclusion can be reached to 
the effect that any type of equipment or mode of operation is 
applicable to all buildings or that results obtained in one building 
can be obtained in any building. Every building has its own 
characteristics and must be treated individually. 

The paper first refers to reliability. That is, of course, of 
paramount importance in an office building. It is conceded 
that Diesel engines have demonstrated that they are remarkably 
reliable, and in that respect are suited for use in office buildings. 
It is essential that they be entirely absent in rentable areas, 
and it is conceivable that in some cases the cost of accomplishing 
this may be high. 

The matter of heat recovery is open to question. It may be 
assumed that for cooling purposes about 2 cu. ft. of water 
per kw-hr. would be required. In the example used, that would 
require 2,330,800 cu. ft. for the 1,165,400 kw-hr. The amount 
of hot water used in a building naturally varies but it may be 
assumed that it is about 0.25 cu. ft. per cubic feet of volume. 
The building under consideration would probably have a cubical 
content of 5,000,000 cu. ft. and the usage of hot water would be 
1,250,000 cu. ft. Apparently there would be an excess of 1,000- 
000 cu. ft. of water used at a cost of $1 per 1000 cu. ft. This 
would add $1000 a year to the cost of operating the plant unless 
a cooling tower, which would increase the first cost and might 
not always be practical, were used. There is also the possibility 
that in buildings having a certain class of occupancy, the demand 
for hot water would be excessive at certain periods and that an 
additional quantity would have to be generated. 

It was stated that the exhaust gases are easily disposed of. 
The plant used as an example would probably require a 10-in. 
or 12-in. exhaust line which must be carried up 18 stories. It is 
conceivable that might involve some difficulties and increase 
the installation cost. The question of back pressure might also 
become important in tall buildings. 

In determining the size of plant to be installed not only the 
peak loads and yearly load must be taken into consideration, but 
also the possibility of growth. Many buildings show a steady 
increase in power consumption due to the greater utilization of 
power appliances by tenants, and also due to the tendency to 
improve lighting intensities. 

3 Supervisor Plant Dept., Western Union Tel. Co., New York, 
N. Y. Assoc-Mem. A.S.M.E. 
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The cost of installation will be affected by the difficulty en- 
countered in installing the fuel tank. In New York fuel tanks 
cannot be buried within 20 ft. of a subway wall which in many 
buildings would prohibit the owner from placing them under 
the sidewalk. If placed under the engine room floor the cost of 
excavation may be high. If installed in the basement they 
take up room that may be valuable. In any case they must be 
enclosed in walls of concrete six inches to eight inches thick, and 
the space between the tank and the concrete must be filled with 
sand. 

Another item of cost not mentioned is ventilation. An exhaust 
system at least would have to be provided if the engines are 
installed in a basement without outside ventilation. 

In considering operating charges the manager c: an old build- 
ing may find it necessary to use a higher figure than 12 per cent 
for fixed charges. The probable life of the building may not be 
as great as 15 years. The author has allowed $50 per week for 
a chief engineer. The writer is inclined to think that it will be 
necessary to pay $60. Only 3 men are considered, one for each 
trick. One extra man might be required properly to handle the 
plant. If the building gives its employees vacations with pay 
the extra wages during vacation time will alsc have to be con- 
sidered. 

Another item that has not been included is rent for the engine 
room. In most office buildings basement space is valuable, and 
probably $1 per square foot could be obtained for space 
suitable for storage of files, etc. If it were suitable for vault or 
restaurant use a much higher rate could be obta‘ned. 

In view of the above the writer is inclined to consider the costs 
developed as somewhat low. It would appear as though the 
gross operating cost should be increased by at least $3000 
which would increased the cost per kw-hr. from 1.48 cents to 
1.74 cents. Adding the cost of overhead as estimated, and this 
is more likely to be low than high, the total charge would be 2.53 
cents. That would appear to be a minimum figure. 

The credit that can be taken for heat recovered is problemati- 
cal. Partial credit was already given by not charging the plant 
with the cost of the water reused as hot water. To this should 
be added credit for the cost of fuel that otherwise would have 
been used in producing the heat in the water. Whether or not 
additional credit can be taken will depend entirely upon the 
method employed to heat the building. If outside steam is used 
probably no additional credit should be allowed. If low-pressure 
boilers are used credit can be taken for part of the excess water, 
and also for some saving in fuel. It is doubted however that 
sufficient credit could be obtained to bring the cost below 2.3 
cents per kw-hr. 

This discussion is offered with the intention of bringing out the 
fact that there are many points in connection with Diesel plants 
that each building owner or manager must consider before jump- 
ing to the conclusion that he can generate his own power at a 
great saving. 


J. Kurrner.‘ It is gratifying to note that in the relatively 
short time which has elapsed since January 15, the date on which 
the use of Diesel engines was proposed to the New York Real 
Estate Board, interest in this important subject has already 
resulted in widespread activity. The difference in attitude 
toward the Diesel engine between then and now is greater than 
most people think. 

When the speaker appeared before the Real Estate Board on 
January 15 of this year, the presiding chairman referred the data 
presented to the president of the Building Owners and Managers 
Association. This organization is virtually the real estate board’s 
engineering department. 


‘ Editor, Oil Engine Power, New York, N. Y. Mem. A.S.M.E. 
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It was not difficult to show that Diesel engines would be an 
important matter for the Board to consider in connection with 
its resistance to the New York Edison Company’s proposal to 
abolish sub-metering. 

Mr. Kates’ paper may be regarded as an able summary of the 
data applying to the “best representative case’’ of the large 
metropolitan office building whose power requirements can be 
met by means of Diesel engines. As to the discussions of the 
paper which have been presented this evening, notably by en- 
gineers specializing on building-management problems, they have 
also contributed important items of information, but a number 
of them have taken what seems to be a mistaken attitude toward 
the data presented. 

Most of Mr. Kates’ critics have apparently been unable to 
distinguish between this engineer’s best representative case and 
the actual conditions of a specific building. Participants in the 
discussion have dwelt on relatively small differences of opinion 
concerning individual items entering into the total cost of power 
for office buildings, apparently losing sight of the fact that the 
best general analysis can never do better than to fit the real 
actual case with a certain margin of plus-or-minus error in each 
item. If it were really possible to reduce the error in each item 
to zero, the general case would automatically be transformed into 
the specific case. On the other hand, if the analysis is a good 
one, the positive and negative errors will approximately cancel. 
Practically the entire criticisms of Mr. Kates’ paper which have 
been heard this evening have involved disagreements of a con- 
siderably smaller percentage than the normal discrepancy be- 
tween a formal general analysis and a specific case of record. 

That portion of the criticism which has been offered by speak- 
ers favoring the purchase of electric power for buildings appears 
to be based on an incorrect opinion of the quality and perform- 
ance of Diesel engines available on the American market today. 
As is the case with all classes of mechanical equipment the quality 
of Diesel engines undoubtedly varies, the lower grades being 
needed for rough services where high-grade Diesel engines would 
impose excessive capital charges, and where suitable operating 
engineers could not be obtained for them. Performance data 
for Diesel engines of this type are naturally inferior to the operat- 
ing figures on which Mr. Kates bases his computations relating 
to office buildings. 

The fallacy of attempting to show that it costs more to operate 
and maintain office-building Diesel engines than has been as- 
sumed by Mr. Kates is based on the policy of ignoring the fact 
that there are also thousands of high-grade Diesel engines on the 
market and in operation. Building managers and owners are 
under no compulsion to install Diesel engines that will have 
the high operating and maintenance costs cited by the critics 
from records which apparently specialize on the lower grades of 
machine. As a matter of fact they have a broad selection of 
engine types to choose from and they can even realize greater 
savings than those computed by installing those engines which 
have for years demonstrated their ability to give excellent opera- 
ting results. 

A similar fallacy underlies the criticisms which have been 
made concerning the recovery of waste-heat from exhaust gases. 
The quotation from the writings of A. B. Newell from page 94 
of the fourth edition of the Oil-Engine Power-Plant Handbook 
relates to inferior equipment and is entirely justified in pointing 
out that waste heat recovery is worse than useless when at- 
tempted with exhaust-gas boilers having small flues, and with 
certain rough types of cheap two-cycle engines which throw tarry 
residues into the exhaust. Nothing was said, however, about 
the fact that it is equally possible to install good waste-heat 
boilers which do not have the drawbacks of the type referred 
to, and that the cleaning of such boilers becomes a small matter 
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of routine when they are used in connection with dozens of types 
of Diesel engines which do not cake up their exhausts. It seems 
ridiculous to infer that building managers and owners will de- 
liberately load themselves down with troublesome equipment 
when serviceable machinery is equally available. The Diesel 
power plant of Harrod’s department store in London has for 
years been furnishing hot water from a type of waste-heat boiler 
that can be readily cleaned both from the fire and the water 
side. The same make of boiler was installed a few months ago 
on the 2660-hp. Canadian National Diesel locomotives and 
regularly supply a long train of passenger cars with steam 
heating. 

It will not be long now before some Diesel engines will be 
running in New York office buildings, and on the basis of the 
operating records which they will yield it will be possible to get 
all these matters into their correct perspective. 


AvtHor’s CLOSURE 


The author wishes to emphasize the statements in the paper 
that many factors enter into the design of a power plant for a 
large city building, and that a competent engineering study 
must be made for every building. The two examples presented 
in the paper are of actual cases, one a building that has been 
in use for several years, and for which operating data are avail- 
able, the other a building fully planned and about to be built. 
These examples were given to illustrate the procedure followed 
in making power studies involving Diesel engines; naturally 
the figures apply specifically only to the buildings for which 
the studies were made. However the fact remains that these 
buildings are, in a general way, similar to many others, and the 
favorable showing for Diesel engines in these two cases would 
justify making like engineering studies in the others. 

As Mr. Morgan points out, it is essential that noise and vibra- 
tion be entirely absent in rentable areas. He believes that in 
some cases the cost of accomplishing this may be high. Such 
costs are particularly likely to be high when the engine is not of 
a type suited to use in building basements. It is more logical 


and it is far cheaper to install engines that have small vibrating 
forces, quiet valve gear, etc. than to use unsuitable engines, 
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and then attempt to prevent the vibrations and noises they 
produce from being transmitted to the surroundings. 

In figuring the heat recovered in serving the building with hot 
water, Mr. Morgan assumes that Diesel engines will require 
about 2 cu. ft. of water per kw-hr. This is about twice what it 
should be, as one cu. ft. of water per kw-hr. is equivalent to about 
five gal. per b.hp-hr., which is a normal rate of flow through a 
Diesel engine for a temperature rise of about 50 deg. fahr. Thus 
corrected, Mr. Morgan’s figures for heat utilization verify those 
of the paper. 

Low back pressure for the exhaust of a four-cycle engine or a 
positively-scavenged two-cycle engine is not as important as it 
seems at first sight. Exhaust-pipe diameters are always liberal 
to begin with, and an increase in back pressure of one lb. per 
in. is ample to drive the gases through a long extension of pipe. 
Yet such an increase in back pressure will cause a shrinkage in 
engine capacity of less than two per cent, and a reduction in 
fuel efficiency of only 1.4 per cent. 

The problem of installing the fuel tank for a Diesel plant is 
the same as for a tank for oil-burning steam boilers. While there 
are numerous regulations to be observed, many such installations 
have been made, and the cost in any particular case can be 
fairly well estimated. 

No special ventilation of the Diesel engine room was planned 
because Diesel engines are self-ventilating. The air taken into 
the cylinders amounts to about 350 cu. ft. per min. per 100 kw. 
capacity. If this is drawn from the engine room, the inrush 
of fresh air will be ample for ventilation. In fact, in the winter 
it will probably be advisable to draw some of the engine air supply 
directly from the outside in order to prevent excessive chilling 
of the air within the building. 

The items of fixed-charge percentage, wage scale, extra men, 
etc., are comparatively minor matters that vary from building 
to building, but are definite in any one case, and can be easily 
taken account of in specific engineering estimates. The same is 
true of the rental value of the engine room space. In the first 
example in the paper the space was practically idle and of no 
real money value. In certain other buildings such space may 
be rentable, and here of course the rental value should be charged 
to the power plant. 
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Modern Refinements in Diesel Power Plants 


By EDGAR J. KATES,’ NEW YORK, N. Y. 


The object of this paper is to indicate that if the full value of 
Diesel power is to be realized, quite as much attention must be given 
to the design of the complete power plant as to the design of the 
bare engine. The author discusses the trend toward lessened 
attendance through the employment of automatic devices for lubri- 
cation for and maintaining reliable jacket-water and fuel supplies; 
the balancing of cylinder output through pyrometric measurements; 
reduction of costs by utilization of waste heat; elimination of noise 
in operation; prevention of vibration; improvement of performance, 
and reduction of overall power costs. It has been his experience 
that the cost of making a correct layout and of installing the proper 
refinements is fully repaid by the ensuing operating savings, and 
that in addition the plant performance is invaluably improved. 


NHE title of this paper might imply that its purpose is to 
catalog in detail the accessory equipment that is now avail- 
able for installation in a Diesel power plant. That is not 

the case; in fact, many accessories that are now commonplace 
will not even be mentioned. Instead, the object is to indicate 
that an up-to-date Diesel power plant must comprise more than 
merely an up-to-date engine, and that if the full value of Diesel 
power is to be realized, quite as much attention must be given to 
the design of the complete power plant as is incorporated in the 
design of the bare engine. 

Oil-engine manufacturers have steadily improved engine design, 
materials, and manufacturing methods. The improvements in 
combustion systems have given higher mean effective pressures, 
together with complete combustion and good efficiency. Better 
design of cylinder heads and better materials have strikingly in- 
creased the sturdiness of these parts. Better crankshaft ma- 
terials, stiffer shafts, and more effectual understanding of critical- 
speed phenomena have greatly reduced crankshaft breakages. 
There have been notable developments in the direction of higher 
speeds, giving engines of smaller weight, space, and cost. These 
developments in turn have resulted in smaller foundations, lighter 
reciprocating parts, less vibration, and easier handling of parts. 
In many ways modern Diesel engines are superior to older models, 
and manufacturers deserve great credit for their unrelaxing efforts 
toward their improvement. 

Considerably less attention, however, has been paid by most 
manufacturers to improving the design and performance of the 
power plants in which their engines are installed. There has 
been, on the part of their sales forces, too much selling of Diesel 
engines rather than Diesel power. The time is past when the 
sole requisite of a satisfactory Diesel plant was an engine which 
would run, and deliver its rated power at a specified consumption 
of fuel. ‘The reliability and cost of Diesel power depend not only 
upon the characteristics of the engine itself, but upon the layout 
of the entire plant. Even a perfect engine will be damaged and 
laid up by a failure of the jacket-water supply. 

There are many refinements available for Diesel power plants, 
and many more can be developed. They are needed to give full 
value to Diesel power, and several new but important applications 
depend upon them. 


‘Consulting Engineer. Mem. A.S.M.E. and Chairman of its 
Oil and Gas Power Division. 
Presented at the Second National Meeting of the A.S.M.E. Oil 
and Gas Power Division, State College, Pa., June 24 to 27, 1929. 
Nore: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 
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LESSENING ATTENDANCE 


The trend of modern industrial organization is to reduce human 
labor. The governing motives behind this trend apply quite as 
much to a Diesel power plant as to a machine shop or a subway 
train. Nevertheless Diesel manufacturers may still be found who 
purposely provide only hand lubrication for certain parts such 
as cam rollers, because they insist that the attendant be ‘‘on the 
job” at all times. They are wrong; engines can be and have been 
made that do not require continual watching; full automatic 
lubrication can unquestionably be made more reliable than hand 
oiling. Build an engine of such sturdiness that mechanical de- 
rangements are unlikely, serve it with the thoroughness of auto- 
matic equipment safeguarded by alarms to attract human at- 
tention when needed, and you not only get better operation but 
also lower costs of attendance and of repairs. 

It is foolish to insist on continuous attendance in a factory 
power plant of one or two units. It makes the power cost un- 
necessarily high and adds nothing to the reliability of per- 
formance. The routine duties that take up most of the attend- 
ant’s time can be easily handled by automatic controls and safe- 
guards. These devices are more continuously “‘on the job” than 
any human supervision can hope to be, and when called into ac- 
tion their response is immediate, thus eliminating the “human 
equation.”” Furthermore they never tire, no matter how fre- 
quent the demands upon them. With their aid the attendant 
can employ his time more usefully than in doing merely routine 
work. Not only does his work become more pleasant, but also 
he becomes more valuable to his employer. These automatic 
devices are generally quite simple; they have been well developed 
for other uses and require but little care to prevent derangement. 
Some suggestions along these lines are contained in the following 
paragraphs. 

LusricaTING 


Reliable lubrication can easily be maintained with little super- 
vision on modern Diesel engines. They are generally provided 
with pressure-feed lubricating systems, and by installing dupli- 
cate pumps the possibility of a failure in the lubricating-oil 
supply can be practically eliminated. To guard against a break 
in the piping, alarms can easily be provided to warn when the 
pressure of the oil has become too low or when the temperature of 
the bearings has become too high. In the last few years several 
makes of engines have been provided with automatic devices to 
shut off the fuel pumps if the lubricating-oil pressure at the most 
remote point of the system is allowed to become dangerously low. 
One advantage of such a device is that the engine cannot be 
started up until the oil pressure has been built up throughout the 
system. This insures the moving parts receiving lubrication at 
the very start, which is the time when they most need it. By 
keeping the lubricating oil clean with a centrifuge or a reclaimer, 
there is little chance for the oil lines to clog. In fact, there is no 
reason why the lubrication of a Diesel engine cannot be made as 
completely automatic and foolproof as that of a modern automo- 
bile engine. 

Jacket WATER 


There are many ways in which the reliability of the jacket- 
water supply to the engine may be assured. A simple and effec- 
tive method is to employ an overhead tank feeding the engine by 
gravity, the tank being kept full and overflowing by a circulating 
pump. Should the pump fail, the water level will immediately 
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start to fall; the drop in level operates a warning bell or lamp. 
Another alarm can easily be provided in the discharge pipes from 
the engine jackets to signal when the water temperature becomes 
too high; this prevents any accident due to careless manipula- 
tion of valves. With an overhead tank system, the first reserve 
in case of pump failure is the contents of the tank itself; the 
second reserve is an emergency supply through a float valve in 
the overhead tank connected to the city water main or some other 
source. This float valve opens before the overhead tank becomes 
totally depleted, and enables the engine to continue running on 
the emergency supply, the alarm meanwhile notifying the attend- 
ant. An interlock can easily be arranged, similar to that de- 
scribed for the lubricating oil, which would prevent the engine’s 
being started unless water was flowing through the jackets. A 
useful check on a motor-driven water pump is a pilot light on the 
starting box which remains lit as long as the motor is running. 
If desired, a constant temperature may be maintained on the 
water jackets by means of thermostatic devices, but this is 
seldom needed. 


Suppiy 


Although a stoppage of the fuel supply will result only in a 
shutdown and not in any damage to the engine, such interruptions 
in service are not to be tolerated. Adequate precautions must 
therefore be taken to maintain the fuel supply. The fuel must 
be kept clean; this requires the use of a series of strainers and 
filters all the way from the delivery of the fuel into the main 
storage tanks to the spraying devices on the engine itself. The 
simplest type of fuel supply system is the usual overhead day 
tank in the engine room which is filled once per day or per shift 
from the main storage tank. If the tank is large enough and is 
provided with some form of gage, there is no likelihood of the fuel 
supply’s running low. Of course an alarm can easily be ar- 
ranged, but it is rarely necessary. 


BALANCING OF CYLINDER OvuTPUT 


It is becoming more and more common to provide pyrometers 
to measure the temperature of the exhaust gases discharged from 
the several cylinders of an engine. This is an extremely con- 
venient method of checking the uniform performance of the 
cylinders. Such a check takes but a few moments, and if the 
temperatures are found to agree within a reasonable limit the 
attendant is safe in assuming that each cylinder is properly doing 
its share of the work. Many difficulties formerly encountered 
in the operation of multi-cylinder engines could undoubtedly 
have been avoided by the use of such exhaust-gas pyrometers. 


Repvucine Costs sy Utitizing Waste 


No one would think of putting in a steam power plant in an 
industrial establishment without considering utilizing the exhaust 
steam wherever possible; yet the recovery of the “waste” heat 
from Diesel engines is still rare save on shipboard. By far the 
larger part of this waste heat is in the form of warm water dis- 
charged from the engine jackets, and where there is a use for 
water at a temperature of 140 or 150 deg. fahr., this heat can be 
recovered directly without expense. However, this temperature 
is often too low; that being the case, a heat exchanger can be 
inserted in the exhaust line to raise the temperature of the jacket 
water to a point where it can be more effectively utilized, say, 
180 deg. fahr. The exhaust heater in thus recovering 10 or 12 
per cent of the heat in the fuel raises to a useful potential the 
jacket-water heat which represents about 27 per cent of the fuel’s 
heat. 

American designs of exhaust heaters follow closely the simple 
vertical fire-tube boiler, but an English design of thimble-tube 
boiler with several attractive features is about to be marketed in 
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this country. The upkeep of an exhaust heater is a small item; 
if an oil-fired boiler were installed to do the same work it would 
have to be cleaned more frequently than the exhaust heater in 
order to maintain its efficiency. 

It is worthy of note that when the available portions of the 
jacket and exhaust heat are recovered, one gallon of oil burned in 
a Diesel engine will produce 12 kw-hr. of electrical energy and in 
addition the heat equivalent of 50 Ib. of steam. This quantity 
of power and heat accounts for over 70 per cent of the heat in 
the oil, and compares quite favorably with the efficiency of the 
ordinary fuel-burning steam boiler. 

Applications of exhaust heaters show an interesting diversity. 
One is installed in a packing house where hot water is required for 
scalding purposes, the engine jacket water being passed through 
the exhaust heater and there raised to the temperature required 
for scalding. Another is installed in a large mining plant in 
Arizona and is producing steam required in ore-milling operations. 
Another application is that of heating the feedwater for fuel- 
fired steam boilers in a combination steam and Diesel power plant. 
Here the Diesel waste heat is used for the lower step of heating, 
and exhaust steam for the final step. In a municipal power 
plant formerly operated by steam but now operated mainly with 
a Diesel engine, the steam plant is maintained in service for 
emergency use and for peak loads. In this plant a Diesel exhaust 
heater is used to keep the steam boilers in a steaming condition 
and ready for operation at a moment’s notice. 

A particularly valuable application of heat recovery is in con- 
nection with the impending utilization of Diesel engines to supply 
power to large city buildings. Many of these buildings now buy 
both electricity and steam from public-utility companies, and 
the Diesel engines are to produce the electric current previously 
purchased. The “street steam” is expensive, particularly in the 
first brackets, a typical rate schedule starting at $1.85 per 1000 
Ib. of steam and dropping to 65 cents (plus coal rider). By in- 
stalling Diesel engines for power, and utilizing the heat from the 
water jackets and the exhaust, the heat recovered will replace a 
valuable amount of street steam. 

The new and promising field of Diesel power plants in large 
city buildings will generally call for semi-automatic control and 
maximum heat recovery. It will also call for many other re- 
finements previously developed in other Diesel usages. 


ELIMINATION OF NOISE 


Although many of the older plants were conspicuously noisy, 
there need be no objectionable noise in a modern Diesel power 
plant. The application of Diesel drive to ice plants has had 
much to do with this improvement, as many such plants have 
been installed in high-class residential sections because of the 
advantage for delivery purposes of having the plant close to the 
customers. An example of what can be accomplished is pre- 
sented by a certain ice plant in a high-class suburban town near 
New York, where a four-cycle Diesel engine is equipped with 
exhaust and air-intake silencers of the Maxim type. With the 
general street noises at their quietest, the exhaust of the engine 
cannot be heard until the listener approaches within 12 ft. of the 
end of the exhaust pipe, and the intake becomes audible only at 
a distance of 15 ft. of the end of the intake pipe. When one 
stands opposite the plant in the street, there is no indication what- 
ever of any operation of machinery. 

Exhaust-heat reclaimers act also as effective silencers because 
of the subdivision of the exhaust gases into long, narrow streams, 
and because of the pronounced cooling effect and reduction in 
volume. 

There has lately been designed a novel type of air-intake silencer 
which consists of a simple venturi tube without baffles or expan- 
sion chambers. Its performance will be watched with interest. 
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The silencing of exhaust and air-intake noises has reached a 
stage of development where no harmful back pressures are im- 
posed, and where neither the initial cost nor the upkeep is in 
any sense a burden. 


PREVENTION OF VIBRATION 


In certain kinds of power-plant services there must be complete 
freedom from transmitted vibration. The problem can be at- 
tacked from two angles, namely, by reducing the vibrating forces 
and by obstructing their transmission to the surroundings. Vi- 
brations can be reduced at the source by using engines of six 
cylinders (or more), with cranks arranged for best balance, and 
with reciprocating parts of minimum inertia. To prevent the 
soil transmission of such vibrations as the engine may still pro- 
duce, cork mats under the foundations have been found to be 
highly effective. Such mats are best made of sections of natural 
cork 3 or 4 in. thick, and are placed between the bottom of the 
foundation proper and the top of a concrete subbase. The sides 
of the foundation block are also isolated from the soil either by an 
air space or by cork. 

It is important that the resilience of the isolating material be 
greater than that of the subsoil, otherwise the latter will start to 
swing from the unabsorbed impulses. For this reason when the 
subsoil is soft it has been found advisable to construct a concrete 
subbase of considerably larger area than the foundation proper 
and to employ steel springs in preference to other absorbing 
materials. 

A large number of Diesel foundations abroad have been suc- 
cessfully isolated with cork where the requirements were quite 
severe, and such applications are rapidly increasing in the United 
States. 

Engine vibrations can also be transmitted to building walls 
through the piping. To prevent this each pipe line may be 
arranged with a flexible section connecting to the engine, and the 
piping may be hung on resilient supports utilizing cork or springs. 


VOLTAGE REGULATION 


Automatic voltage regulators, which have long been standard 
equipment in electric central stations, are now frequently used in 
factory power plants containing Diesel engines driving a-c. 
generators. The power load in many factories is extremely vari- 
able because of the frequent starting of large induction motors 
and the use of electric arc-welding equipment. In such cases 
automatic voltage regulators of the “quick-response’”’ type are 
desirable to adjust the excitation and hold the voltage fluctuations 
within satisfactory limits. 


IMPROVING PERFORMANCE AND RepucinG Costs 


The desire for better plant performance and lower overall power 
cost has stimulated other developments. Much greater care 
than formerly is now taken in the layout of jacket-water systems. 
The damage that hard water can cause is quite generally recog- 
nized, and closed cooling systems are employed wherein the same 
stock of engine jacket water is continuously recooled and re- 
circulated. In localities where the water is not hard, it can be 
saved at small expense with evaporative types of cooling towers. 
These towers are now a regular market article; they are made of 
pressed metal in well-designed shapes, and in non-corroding ma- 
terial if desired, being in many respects superior to “home-made” 
towers. 

Formerly, after the lubricating oil had become heavily con- 
taminated with fine carbon particles washed off the cylinder 
walls, it was thought to be ‘‘used up”’ and either thrown away or 
used for rough lubrication in other parts of the factory. It is now 
known that such oil can easily be purified either by centrifuging 
or by chemical coagulation and settling. The latter process 
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does a particularly thorough job, even restoring the oil’s original 
color. Not only does purification save the cost of new oil, but 
it assures the constant quality of the oil in the system. This 
was not the case with the former method of filling the system with 
new oil and allowing it to become more and more dirty until it 
had to be discarded. 

Where the operating conditions are abnormally severe, the 
purification of lubricating oil effects particularly large savings in 
wear on bearings. For instance, on a certain Diesel-electric 
ferry boat prior to the installation of centrifugal purifiers it had 
been necessary to remove 0.012-in. shims from 24 connecting rods 
every two weeks. For five months after the purifiers were in- 
stalled no bearing adjustments were made. At the end of that 
time it was possible to remove only 0.003 in. from 17 bearings 
and only 0.001 in. from the other seven. In other words, less 
than one-quarter as much wear occurred in five months with 
purification as in two weeks without it. 

In plants of large size, particularly marine installations, the 
centrifugal purifier for fuel oil has demonstrated its value. Fuel 
must be obtained at different ports all over the world and the 
choice is restricted. Sometimes the fuel is quite dirty, and if not 
cleaned would cause wear in the fuel pumps, clogging of the in- 
jection nozzles, and wear of pistons, cylinder liners, and exhaust 
valves. By purifying the fuel, the water and sediment can be 
removed, and the ash-forming constituents which cause wear can 
be greatly reduced. 

It has become evident in recent years that large quantities of 
dirt may also enter an engine by way of the intake air and may 
cause considerable abrasion of the working surfaces. Air filters 
of many types are now offered for this service. Most of them are 
quite successful as regards their filtering efficiency; they differ, 
however, in the amount of attention required for cleaning them. 
Where the air is very dirty, a filter is now considered indispen- 
sable. This is indicated by a test made by the U.S. War Depart- 
ment on two motor-truck engines, one of which had the air intake 
protected by an air filter. The engines were run for 240 hours 
and were supplied with air that had been passed through a box of 
dust. At the end of the test the motor without air filter showed 
cylinder wear of 0.009 in., while the protected engine suffered 
cylinder wear of only 0.001 in. Similar results have been reported 
in the case of Diesel engines, the benefits of air filtration having 
been evidenced by reduced cost of valve grinding and liner re- 
placement and by reduced time out of service for mainte- 
nance. 

In the case of Diesel engines used in oil-pipe-line pumping 
service, particularly where the engines and pumps are in the same 
room, overspeed governors should be fitted. The need for such 
governors was shown by two or three strange but expensive 
accidents caused by breakages in the station oil lines spraying the 
engines with oil in such a way that large quantities of oil entered 
the engine cylinders by way of the air intakes, the fuel feed 
thus being beyond the control of the regular governor. Over- 
speed governors prevent any possibility of runaway by blocking 
open the engine exhaust valves, thus preventing compression and 
ignition. 


MEASURING INSTRUMENTS 


Measuring instruments of many sorts are now available for 
Diesel power plants. Full use of these should be made to check 
plant performance. For instance, in Diesel electric plants two 
simple instruments, a watthour meter and a fuel-oil meter, will 
permit frequent checking of the fuel efficiency in terms of kilo- 
watt-hours per gallon of fuel. It is easy to prepare a reference 
curve showing normal fuel efficiency for the different loads, and 
by taking periodic readings of these two meters the fuel efficiency 
and the average load during the interval are easily determined. 


‘ 
: 
i 
e if 
4 
pried 
4 
a 
| 
| 
| om 
5 
A 
ae 
x 
Ps ; 
: 


68 


These figures are then compared with the standard curve, and if 
the efficiency is found to be low it is clear that the engine is in 
need of attention. 


CONCLUSION 


Naturally, it is possible to overdo this matter of plant better- 
ment, as some engines operate under conditions of service where 
few refinements are justified. In other plants, however, there is 
need for every improvement that can possibly be introduced. 
These matters are questions for careful study based upon the 
individual requirements of each plant. It is quite true that the 
initial cost of the plant will be slightly increased by the engineer- 
ing study necessary to make a thoroughly planned layout and by 
the cost of the several refinements that will be introduced. It has 
been the author’s experience, however, that the cost of making a 
correct layout and of installing the proper refinements is fully 
repaid by the ensuing operating savings, and in addition the 
plant performance is invaluably improved. 


Discussion 


W. L. H. Doyte.? In the paper observation is made in con- 
nection with stationary practice that many Diesel builders have 
neglected the general design of plants. Viewed from one stand- 
point, this is apparently justified. Some plants as finally in- 
stalled can hardly be classified as complete. Performance of 
most of these plants is very largely dependent upon the operat- 
ing personnel. However, such plants constitute a small por- 
tion of the total, and of these plants it would be found that many 
owners have their own ideas of plant-installation technique and 
do not seek guidance by either builder or consultant, and in 
some of these cases plants eventually fail to accomplish desired 
results, and ultimately an owner seeks advice of the consultant 
or builder. 

Another and very large portion of the total Diesel-engine 
installations is made by a comparatively small group of indi- 
viduals who supervise appreciable numbers of installations 
yearly and year after year. Here installation technique has 
been developed to a high point. Builders, consultants, equip- 
ment manufacturers, and all interested in the art may profitably 
study these plants. 

Another appreciably large portion involves purchasers who 
buy engines at extended periods to add to existing plants or to 
initiate such plant growth. Various conditions connected with 
the majority of such cases are such that to insure success of the 
plants the builders must of necessity care for the installation engi- 
neering, notwithstanding preference on their part that such 
work be cared for by the consultant. In many ways this is bene- 
ficial to the development of the Diesel itself. These plants are 
scattered over a vast territory. The builders are here of necessity 
brought face to face with the essentially practical side of a wide 
variety of power-plant conditions. In such contacts, obviously, 
the progressive builder is able to weigh the value of many de- 
signing and manufacturing considerations from the operating 
viewpoint to the benefit of all concerned. 

Too little attention has been devoted to the use of the Diesel- 
exhaust waste-heat boiler. Many applications have been made, 
but these are but a small percentage of cases where this auxiliary 
might profitably be applied. Some of the applications made 
have been of unusual interest. Recently an approximately 
600-hp. engine was installed at a high altitude, remotely located 
in the Rocky Mountains, to furnish power for ventilating a 
long railroad tunnel. The plant operates intermittently with 
rather long shutdown periods. Atmospheric temperatures are, 

? Sales Department, Ingersoll-Rand Co., New York, N. Y. Jun. 
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on the average, approximately at freezing. Here it was found 
profitable to utilize the exhaust-heat boiler to care for a portion 
of the plant and buildings heating load. The boiler is equipped 
with an oil burner which supplies any deficit in heat require- 
ments not cared for out of the Diesel exhaust heat. A sur- 
prisingly small quantity of oil has been required for this purpose. 
Due to the low prevailing temperatures, it was found advisable 
in this plant to heat the engine jacket water, using a boiler for 
this purpose, the object being to maintain a large quantity of 
water stored inside the power house at a reasonable temperature. 
Similarly, provision was made such that the engine itself could 
be maintained at a reasonable temperature by circulation of 
warm water through the jackets, utilizing heat energy from the 
waste-heat boiler. Notwithstanding the adverse climatic con- 
ditions of this installation, the engine has functioned satisfactorily 
and, conforming with an important requisite of this installation, 
it starts with great ease, the Diesel plant together with the 
ventilating equipment being operated entirely by one man. 
This particular installation is further interesting from an installa- 
tion technique viewpoint in that it is to the writer’s knowledge 
the first in this country where a supercharger has been applied 
to a four-cycle Diesel to make up a large portion of that power 
lost by an engine between sea level and the high altitude atmos- 
pheric conditions. Here, in addition to the various instruments 
usually found in the representative up-to-date Diesel plant, 
which include exhaust pyrometer, water temperature ther- 
mometer, and control apparatus for the boiler, will also be found 
automatic water-tempering controls and instruments to permit 
the plant operator to maintain proper supercharging conditions. 

In many localities the actual weight of gritty dust particles 
inducted into a Diesel in a given period of operation is striking. 
It is small wonder that such installations show wear greatly in 
excess of the average. All plants can profitably employ intake 
air filtration. The average installation of today recognizes the 
importance of this situation. 

Several factors control vibration conditions, primarily soil 
condition, and it is important to coordinate engine design; the 
means otherwise adopted for minimizing engine shortcomings 
may not only become prohibitive in cost but also somewhat 
ineffective. Such cases call for close cooperation between builder, 
owner, and installation consultant. Few are the conditions that 
cannot be properly cared for by proper application of equipment 
and foundation installation details. 

The total capacity of the average stationary Diesel installa- 
tion grows year by year. Auxiliary equipment and instruments 
a few years ago, although appreciated as to possibilities, were 
not considered necessities. In most of the cases today these 
same plant adjuncts are considered essential, as the paper has 
brought out. 

Careful study of all the factors having bearing on the ultimately 
satisfactory and commercially successful performance of the 
plant are warranted not only because of the increasing capital 
value of such installations, but also because of the practical 
considerations involved, which the author has so interestingly 
discussed and which has a direct bearing upon the overall eco- 
nomic performance of the Diesel itself. 


WituraM H. Tuompson.’ In connection with the point about 
“too much selling of Diesel engines rather than Diesel power,” 
I should like to make a few remarks on the waste-heat reclaimer, 
a contributor to the usefulness of Diesel power, and to express 
my opinion that the heat reclaimer for Diesel engines should be 
constructed of steel and of the fire-tube design. In most cases, 
the exhaust gases are seldom above 1000 deg. fahr., and of course 
with a two-cycle engine they scarcely reach 700 deg. These 


3 Chief Engineer, Davis Engineering Corp., New York, N. Y. 
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low temperatures preclude the possibility of generating steam 
at high pressure, but it is not high-pressure steam that we must 
have at all times to be useful. 

A heat exchanger made of cast iron is extremely heavy, and 
certainly its heating surface cannot be as effective with its thick 
walls as one built up of steel. 

A water-tube heat reclaimer constructed somewhat along 
the lines of a water-tube boiler would be a very efficient design, 
but above all it must be different, and so different that it does 
not look like a water-tube boiler. Exhaust gases must be in a 
turbulent state in order to give up their heat effectively and 
quickly. There is no doubt that the water-tube design lends 
itself well to accomplishing those results, but we must not lose 
sight of the kind of gases with which we are dealing. Before 
we came to the use of oil fuel our other fuels discharged ashes, 
soot, and the like, mostly a substance that could be readily 
blown off with soot blowers, but we know that Diesel engines 
must go through adjustment periods, and during those times 
there will be some light sprays of unburned oil that will lodge 
in the exhaust line. The soot deposited under those conditions 
cannot be blown off by a soot blower. When one stops to think 
of the velocity at which the exhaust gases are passing through 
an exhaust line, this statement becomes self-evident. The 
amount of soot deposited over several months’ operation is not 
great and has little importance so far as the exhaust line proper 
is concerned, but in a heat reclaimer it must be removed from 
time to time. There is no design of heat reclaimer in which the 
heating surface exposed to the gases can be cleaned more thor- 
oughly than the fire-tube design. 

There is no objection to constructing these heat reclaimers or 
steam generators of steel throughout, according to the reports 
on those that have been in service for a number of years. Should 
one specify other materials and even state the details of con- 
struction, thicknesses, and diameters, he will immediately affect 
the design and materially increase the cost. The question arises, 
Is such a specification justified? Fortunately, there are those 
who are willing to experiment with different designs and ma- 
terials, and their results give a basis for definite opinions. 

One cannot take stock boilers and expect them to operate 
efficiently on reclaiming heat from Diesel exhaust gases. It 
must be remembered that these stock boilers were designed in 
most cases for coal burning. Their operation is controlled by 
natural draft and the absorption of heat under high-temperature 
conditions. Diesel exhaust gases are at low temperatures, but 
fortunately they can be delivered and forced through the heat 
reclaimer at high velocities. High velocities are necessary in 
order to secure heat transfer efficiently, and those results cannot 
be obtained from stock boilers. 

The author has said that these exhaust heaters also act as 
mufflers. It might be asked if the muffler could be eliminated. 
That depends on the plant and the service that it must render. 
If the plant has but one engine which operates ten hours per 
day and if the heat reclaimer is of secondary importance, then the 
muffler may be omitted. The reason for this statement is that 
should anything go wrong with the exhaust heater and should 
it become impossible to hold water in it, then in an emergency 
it may be operated dry until the end of the day, when the re- 
pairs could be made. Of course, if the heat reclaiming is of vital 
importance, then it is advisable to install a muffler and a three- 
way valve, which will permit bypassing the exhaust heater for 
necessary repairs. 

There are many industries which owe their existence to by- 
products. The Diesel power plant has a by-product in the .orm 
of so-called waste heat that certainly can be sold if prepared in 
the proper manner. An example of a potential use for this 


heat is the laundry. Consider the large quantities of hot water 
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it requires. The smallest practical laundry consumes about 
1000 gallons of hot water per hour. The water must be de- 
livered to the wash wheels at 160 deg., and if its initial tem- 
perature was 40 deg., there must be added to it 1,000,000 B.t.u. 
per hour. If there is reclaimed from the jacket and the exhaust 
gases the heat that can be reclaimed, it would require a 300- 
b.hp. engine operating at full load to supply that heat. 

Is it not true then that a Diesel electric power plant and a 
laundry would make an excellent combination? The laundry 
needs power, but the power it requires could be produced with 
an ordinary steam engine and yet not have enough heat in the 
exhaust steam to meet the hot-water demands. 

There is one type of laundry that must have steam at 90- 
Ib. pressure in order to operate the ironers. These ironers must 
have high-temperature heating media, and the cylinders must 
be built heavy and costly to withstand the pressure. The amount 
of heat required by the ironer as compared with the heat re- 
quired for water heating is but a fraction of the whole, and there- 
fore it may be possible to use electric heating efficiently. The 
Diesel power plant could furnish the laundry with hot 
water and electric heating and also electric current for its 
power purposes and eliminate the necessity of the laundry in- 
stalling boilers and engines and employing a fireman and a li- 
censed engineer. 

The writer has dwelt on the foregoing because it represents 
a demand for heat during practically every working day of the 
year. Others will think of better examples. A shop or build- 
ing heat load is all right when it is needed, but it is seasonable. 

Reclaiming heat as applied to Diesel engines is ideal. That 
is not so with the steam power plant, for it must have a high 
vacuum, which means low temperature of the outgoing cooling 
water. The quantity of cooling water is great, and its tempera- 
ture when it leaves the plant is too low to be of any practical 
use. 

May I give a word of warning regarding the publishing of 
test data? Such figures may be issued so as to be useful or 
harmful. To illustrate, an article may state that a certain heat 
reclaimer cooled the exhaust gases from one temperature to 
another and produced so much hot water or steam. That is 
very useful. Another article may add that there was obtained 
a certain B.t.u. transfer per square foot of heating surface. That 
is harmful; for if such data are used without knowing the basis 
of the design on which the figures were obtained, they cannot 
be used in making up a new design or in the comparing of types 
on the number of square feet which they contain. To be help- 
ful, the article must give a full description of the design, and 
the one attempting to use it must thoroughly study the design. 
I have seen a number of articles in engineering periodicals giving 
reports and tests, and in most cases they were in the harmful 
state. 

It seems to the writer that we should think of economizing 
on our natural resources by saving the B.t.u. 


Wituiam K. Grecory.‘ Clean air is of course necessary in 
order to secure the most satisfactory performance from an oil 
engine. For the last five years I have been in intimate touch 
with Diesel manufacturers, and in talking with the sales managers 
and engineers of a large number of companies it has rarely been 
necessary to assert the need for clean air, as this need bas long 
been recognized by the industry. Over 90 per cent of the manu- 
facturers are recommending air filters, at least for engines operat- 
ing under severe dust conditions. 

The amount of dust in the air is variable, and is by no means 
easy to define. Even in the same locality the dust concentra- 
tion will vary, depending upon the direction of the wind, the 


4 Reid Air Filter Co., Louisville, Ky. 
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.season of the year, etc., but after considerable research we have 


found that from 1 to 4 grains per 1000 cu. ft. is a conservative 
estimate for the average industrial district. These conclusions 
check very well with the investigations of authorities such as 
William E. Gibbs, of London. 

In order to appreciate what even a seemingly small dust con- 
centration means in the operation of a Diesel engine, a 500-hp., 
two-cycle engine of a certain make has a displacement of 3500 
cu. ft. per min., and assuming a dust concentration of only 2 
grains per 1000 cu. ft., this engine will take in 7 grains of dust 
per minute, along with the “fuel air.”” At this rate, if the engine 
is operated ten hours per day, it will take in 4.2 lb. of dust every 
week, or approximately 200 lb. of dust per year. 

In addition to causing unnecessary wear on pistons, piston 
rings, cylinder liners, and bearings, dust is responsible for nine- 
tenths of the valve trouble. Furthermore, an analysis of so- 
called carbon removed from cylinder heads shows that over 
90 per cent of it is dust that has been absorbed by the lubricating 
oil and baked into a hard deposit by the heat of combustion. 

The most practical means of cleaning the air in Diesel engines 
is the oil-impingement type of air filter. Centrifugal air cleaners 
of various types were standard equipment on most automobiles 
a year or two ago. Within the past year, however, General 
Motors has developed an oil-impingement type of filter which 
now is standard equipment on all their new trucks and many 
of their pleasure cars. The independent automobile manufac- 
turers also are adopting oil-impingement filters. 

The principle on which they all operate is to cause the air 
stream to strike a number of oil-coated baffles. A certain por- 
tion of the dust is removed by each impingement, and if the air 
is divided into fine enough air streams and is caused to strike 
a sufficient number of baffles, it will be thoroughly cleaned. 
The real problem is to construct a filter which, in addition to 
cleaning the air thoroughly, has a low resistance to air flow and 
will hold a sufficient amount of oil to keep it operating efficiently 
after it has accumulated a large amount of dust. 

The two types of air filters available for use on Diesel engines 
are the cell type and the automatic. Filters of the cell type 
require periodical cleaning by washing in hot water containing 
washing soda or some other suitable cleaning compound. After 
cleaning, the cells are dipped in a suitable oil before being placed 
back in service. Such filters may contain from 1 to 12 or more 
cells. 

Within the last two years much progress has been made in the 
development of automatic air filters suitable for engine and 
compressor service. The only difficulty is that the price of auto- 
matic filters is high in comparison to cell filters. This limits 
their economical applications to engines of 500 hp. and over. 
By connecting the air-intake pipes of a number of small engines 
to a common header, however, one automatic filter can be used 
for all the engines in a group, and the cost will not be prohibitive. 

A properly designed automatic filter requires practically no 
maintenance attention except occasionally removing accumu- 
lated dirt from the oil. Their main advantage over the unit 
type filter, however, is not the saving in maintenance cost, but 
the assurance that the filter will always be properly cleaned 
and the maintenance of a uniform resistance to air flow. 

In selecting an automatic air filter for service on engines it 
‘should be borne in mind that one is dealing with a pulsating air 
flow, and it is therefore necessary for the filter to be properly 
reinforced. 

Accessories manufacturers who supply equipment which de- 
‘creases maintenance costs and improves engine operation are 

doing their part to advance the industry as a whole and are 
relieving engine manufacturers of trouble that they would other- 
wise be required to shoulder. 
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Hiram H. Maxim.’ The writer will discuss only the parts 
of the paper that have to do with the elimination of noise and 
the prevention of vibration. Having been intimately connected 
with this problem in connection with the use of Diesel engines, 
the writer feels that two or three points could be emphasized 
and made more clear with considerable value to the manufac- 
turer and distributor of Diesel engines. 

There is a direct monetary value to the Diesel builder in giv- 
ing attention to the refinements and accessories that surround 
his engine after it has been installed in the customer’s plant. 
The writer is continually made aware of the opportunities that 
are lost to preserve and enhance the prestige of the Diesel engine 
by the lack of the necessary consideration being given on the 
part of the Diesel builder to these accessories and refinements. 
Due to the fact that we are frequently called in only after trouble 
has developed, we get rather a blacker picture of the Diesel 
engine than is truthful. Nevertheless, it is apparent that by 
far the largest portion of whatever bad feeling there is against 
the Diesel engine is due to improper treatment of such relatively 
small details as accessories. If only the strict truth were con- 
sidered the designer of the power plant as a whole is frequently 
the responsible party. 

Many buyers of Diesel engines do not seem to be completely 
familiar with ag the ins and outs of the operation of the Diesel 
power plant. At this particular stage of development of the 
Diesel engine, many installations are the customer's first, and 
he is forced togely on the Diesel-engine builder or the concern 
designing his ees plant for protection against whatever troubles 
could occur. After the plant has been started up and the cus- 
tomer finds to his astonishment that the plant cannot be oper- 
ated, or that it can be operated only at greater expense than he 
expected, or less efficiently, there naturally ensue complaints 
and the demand for correction of the trouble, with all the un- 
fortunate loss of prestige to the Diesel builder and also as a rule 
the loss of direct monetary profit in that particular installation. 
As a rule it reacts back on the Diesel-engine builder, and par- 
ticularly so if, as is frequently the case, the Diesel-engine builder 
undertook to supply and design all the material for the power 
plant. 

Noise, particularly from the exhaust of the engine or its in- 
take, is a particularly troublesome factor from this viewpoint. 
Due to the fact that noise emanating from the power plant 
brings into the controversy all the inhabitants of the surround- 
ing neighborhood with their peculiarities, practically nothing 
can be done by salesmanship or persuasion, and the only solu- 
tion is to put in the necessary equipment to overcome this trouble. 
As a rule the expense of tearing out inefficient muffler systems 
first put in and the financial loss unavoidable in scrapping them 
is more than the cost of purchase and installation of efficient 
silencers would have been in the first place. This fact eventually 
becomes apparent to the customer and hardly increases his good 
feeling. 

There is another aspect of the silencing of the exhaust and in- 
take noises which may be unknown to many, and that is the 
elimination of vibrations of the power-plant building itself and 
other surrounding buildings. We frequently find vibrations in 
the walls, windows, and roofs so severe as to be destructive and 
caused entirely from the pulsations of either the exhaust or the 
intake, or both. This applies to stationary practice and also 
to marine. Vibration of plate-glass windows and building walls 
is troublesome and of course more dangerous. It could conse- 
quently be pointed out in connection with what the author has 
said in regard to vibration and its prevention that after the de- 
sign of the engine has been considered some thought should be 
given to acoustic vibration as well. 

’ Maxim Silencer Co., Hartford, Conn. 
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Frequently some of the accessories and auxiliary machinery 
necessary for the operation of these engines, such as small air- 
compressor sets for starting air or compressors for other services 
in the power plant, are more offensive than the main engine 
from the standpoint of the intake and exhaust noises they emit. 
Consequently, one should take great care not to overlook them 
in the design of the power plant. 


W. A. McGiuu.* On several occasions the author mentioned 
centrifugal purification of fuel and lubricating oil. It is the 
writer's belief that there is interest in further data on compari- 
sons between Diesels operating with and without centrifugal 
purifiers. These data are not the result of our own tests, but 
represent information sent by customers from time to time. 

A certain large railroad in the East operated two similar Diesel- 
electric locomotives on exactly the same service over the period 
of approximately a year and a half. One of these locomotives 
was equipped with a centrifugal clarifier on the lubricating oil, 
and the other was not so equipped. On the locomotive which 
was not equipped with clarifier the wear on the main bearings 
averaged 0.003 in. every three months. On the other locomo- 
tive, however, the bearing wear was only 0.0005 in. after six 
months of operation, and this wear has been maintained for 
overa year. Needless to say both locomotives are now equipped 
with centrifugal clarifiers. 

Another large Eastern railroad operates several Diesel-electric 
locomotives and kept accurate test data over a period of ten 
weeks of operation of one of the locomotives. The bearing wear 
prior to the installation of the centrifugal clarifier had averaged 
0.001 in. per month. In ten weeks (1369 hours) of operation 
after the installation no bearing wear was perceptible. 

Sludge analysis, or analysis of the dirt removed from the 
bowl of the centrifugal clarifier, shows that there is an average 
removal of 10 grams of iron and 1.75 grams of silica per each 
100 hours of clarifier operation. 

Microscopic examination of the carbon particles in the oil 
shows that they gradually decreased in size over the ten weeks’ 
period. The centrifugal will remove all excepting the so-called 
colloidal carbon from the oil every time it is passed through. 
The microscopic examination indicated that the size of even 
these very fine particles of carbon was getting smaller and smaller 
as the test progressed. The make-up oil required was 0.06 gal. 
per hour of engine operation. 

The Prairie Pipe Line Company uses a number of centrifugal 
purifiers in its many plants. The following results were noted 
during the first month’s operation of one of these purifiers which 
was put on a Diesel which had previously been running without 
a centrifugal in the lubricating-oil system: 

The first day 280 gal. of oil were purified, from which 10 lb. 
of dirt were removed. On the sixth day only 8 lb. of dirt were 
removed from 570 gal. of oil. On the fifteenth day only 3 lb. 
of dirt were removed from 640 gal. of oil. On the last day of 
the test but 1 lb. was taken from 720 gal. of oil. This rate has 
since been maintained. In other words, the purifier is keeping 
the oil clean by removing the contamination as fast as it is intro- 
duced into the system, about 1 lb. per each 720 gal. purified. 

A typical analysis of the sludge or dirt removed by centrifugals 
in this type of service is as follows: 


Percentage 
Amorphous carbon........... 92.2 
Heavy oil binder ............ 5.16 
Water and volatile oils ....... 1.21 
0.35 


* Sales Engineer, De Laval Separator Co., New York, N. Y. 
Assoc-Mem. A.S.M.E. 
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It will be noted that the sludge contained a large percentage 
of carbon which, if allowed to remain in the system, would clog 
small oil passages, foul the oil coolers, and perhaps even act as 
an abrasive. 


Ray L. Howes.’ Good American Diesel engines are being 
built. American engines are being sold in Canada, Australia, 
and Belgium, and the writer knows of a recent case of the sale 
of an American marine engine for operation in Germany. Al- 
though there has been much improvement in recent years in the 
attention given to the factors brought out in the paper, there is 
still much to be done. The writer would like to see a steady flow 
of information of that kind and a continual stressing of the im- 
portance of consideration of the factors in connection with Diesel 
installations which have an important bearing on the overall 
operating economy, through the various trade journals and in 
meetings of this kind. 

There have been good reasons why difficult problems have come 
up in the proper engineering of Diesel installations in this coun- 
try. An important one is that there has been a tendency on the 
part of purchasers to hold the cost of the installation to a mini- 
mum, and a factor has been the attitude of the engine builders, 
and more particularly the engine salesmen. The writer is 
speaking of their tendency when in competition with one another 
to leave this or that off to gain a little price advantage. Of 
course, a man who is buying can see an advantage in reducing 
the cost, and he is going to be more inclined to listen to the sales- 
man who wants to leave things off. 

As an example of this tendency, in the matter of switchboard 
equipment, only a few years ago if a man went out to sell a Diesel- 
engine generating set, it was frequently a difficult job to convince 
the customer of the need of having a wattmeter. That cost 
money, and it was frequently felt that a voltmeter and ammeter 
were sufficient; and many of the older Diesel plants are now 
running with nothing to indicate what the load is. Fortunately, 
there is now a greater appreciation of the value of accessories and 
more consideration is given to them by customers, consulting 
engineers, and engine builders. 

Whenever a Diesel engine order comes to our general office for 
approval, no action will be taken on it unless it is accompanied 
by a completely filled out questionnaire giving all details of the 
installation, which is criticized by the factory engineers. Among 
numerous other things, it calls for full details regarding the cooling 
system; an analysis of the cooling water, if the water is to be 
recirculated; and an explanation of the exposures, the prevailing 
winds, and the temperatures, as well as information regarding 
humidities and so forth. This checking of field conditions for 
each installation, by the factory engineers, makes certain that 
all requirements will be properly met. 


Louts R. Forp.’ There is an aspect of the paper that was 
commented on to some extent, and it is worthy of still further 
comment. The Diesel-engine manufacturers are still in a phase 
of development in so far as land installations are concerned, that 
the automobile people went through years ago. 

Years ago when we bought an automobile we bought a motor 
and a chassis and a body. If we wanted a windshield, or a top, 
or a speedometer, or anything necessary to make an automobile 
run and be comfortable to use, we had to pay extra for it. 

At least some of the Diesel-engine builders are still in much 
the same position. They will sell an engine and they do not 
want to sell anything else. If the purchaser insists on having 
additional devices which he thinks are quite necessary to the suc- 


7 Sales Engineering Division, Fairbanks, Morse & Co., Chicago, 
Ill. Assoc-Mem. A.S.M.E. 
8 United Dry Docks, Brooklyn, N. Y. Mem. A.S.M.E. 
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cessful operation of his engine, the Diesel-engine builder does 
not like it and will try to get out of supplying them if possible. 
Competition makes the price cutting acute at times, and naturally 
the engine builder wants to leave off everything that he can 
when he is making a price to a prospective customer. The result 
is that there is seldom any uniformity in what will be offered to 
the customer. 

The solution for that sort of thing is the encouragement of the 
use of the consulting engineer in preparing plans for any Diesel 
installation. That is done in marine work. Never is a new ship 
built or even an old one converted without the job being turned 
over to some specialist in that line, a naval architect and engineer, 
to prepare plans and specifications. He puts into his speci- 
fications everything that is required, and any one interested in 
the job knows what is going to be wanted. The owner of the 
ship does not go out and buy an engine here and a pump there. 

It is true that many of the parts have to be bought in dif- 
ferent places. He delegates that to one central authority, and 
the man putting in a stationary plant should do the same thing. 
The consulting engineer should be charged with the duty of put- 
ting into his specifications everything that is wanted, everything 
that is required to make it a real Diesel plant, and then every- 
body who wants to bid on the job knows exactly what they have 
to bid on. There is no question of leaving off something here 
and something else there in order to make the price a little lower 
than that of a competitor. 

It would be to the interest of the Diesel-engine builders them- 
selves if they would encourage the practice among their pro- 
spective customers of consulting competent engineers before they 
start to buy anything, and prepare definite specifications for a 
complete Diesel power plant rather than send out a request for 
bids on a Diesel engine and then stick on whatever they happen 
to think of later, or whatever somebody suggests to them. 

We must consider in installing these various accessories that 
make for better operation of the plants that we do not want to 
encourage any negligence on the part of the operator. We have 
no hope in Diesel engineering of reaching the point where we can 
dispense with expert supervision. 

It has been said that the Diesel engine is foolproof and that 
anybody can run it. Nevertheless, the more expert supervision 
the Diesel engine gets in operation, the better results it will give. 
Therefore good engineers are needed to run the plant, and in 
putting in these various automatic accessories to protect the 
fuel-oil supply and the water supply and the lubricating-oil 
supply, and all that sort of thing, the point must be kept in mind 
that there must be no encouraging of negligence on the part of 
the engineer. 

All these needful devices do not dispense with the necessity for 
constant and careful supervision by the operating force. They are 
simply aids to, and will never take the place of, the skilled operator. 

In that connection the point about the pyrometers is worthy of 
mention. That is one thing that the author recommends. It is 
a very good thing, and it is almost a standard equipment for 
marine plants at present, but too many operators fall into the 
error of considering a pyrometer installation as sufficient by itself 
to fully protect the engine. The operator will go to the switch 
and throw in the various cylinders, and if his temperatures look 
good, he thinks the engine is operating perfectly; as a matter of 
fact, the pyrometer temperatures as indicated by the available 
instruments for every-day use in the engine room are not accurate 
indications of the relative load on the cylinders. If the temper- 
atures are fairly close together, it is not safe to assume that the 
engine is loaded evenly, that is, that every cylinder is carrying the 
same load as the other cylinders. We must not accept the pyrom- 
eter as a cure-all. It is invaluable, however, as an aid to 

operation. 


Of course, if a cylinder stops firing, on a six-cylinder engine, 
for instance, it is very easy simply by throwing the switch to see 
which cylinder is not operating right, but the principal use of the 
pyrometer should be to indicate where your attention should be 
directed, and if the temperature indications on any one cylinder 
are not what they normally should be, then that indicates that 
that cylinder requires attention. These devices are all good, but 
one should not fall into the error of relying on them absolutely. 
We should consider them only as aids to operation. 


Lester M. Goupsmiru.? There is one point the writer would 
like to correct in Mr. McGill's discussion. He referred to the 
analysis of the sludge showing 92 per cent carbon. He probably 
means 92 per cent hydrocarbon, because in a great many samples 
taken our analysis shows between 75 and 85 per cent oil in the 
sludge material removed. No sludge examinations show less 
than 75 per cent. 


AvuTHOR’s CLOSURE 


The object of this paper was to show the need of adequate 
attention to the plant design and equipment of every Diesel- 
engine installation; the discussion has fully confirmed this 
contention. 

A variation of opinion exists, however, as to who should do the 
designing of the plant and the selecting of the accessory equip- 
ment. One suggestion was made that the accessories be built 
into the engine as standard equipment, but this would hardly do. 
Conditions vary in different plants, and there are few general 
rules. Sound judgment based upon experience and upon a special 
study of each plant is necessary in deciding what refinements 
should be incorporated in that particular plant and in arranging 
them properly. 

Where the purchaser’s own organization includes engineers 
who have had ample Diesel experience and are able to make 
studies for each new installation, that is the way to do it. Sev- 
eral of the large oil pipe line companies are now so situated. 

On the other hand, the Diesel engine is being rapidly accepted 
in applications like industrial power plants and municipal central 
stations where the purchaser’s own organization is quite unable 
to take care of the general plant design. In some cases, as Mr. 
Doyle points out, the engine builder may be willing to shoulder 
the responsibility and expense of designing the plant. Generally, 
however, that burden should not be placed upon the manufac- 
turer. Sales representatives seldom have the time or experience 
necessary to make an adequate engineering study of each job 
they sell, and their home offices, even with the help of question- 
naires, can rarely get a complete picture of the local conditions. 

As the discussion has brought out, a consulting engineer for the 
purchaser will render several useful services. In the first place 
he is able to devote enough time to make a careful study of the 
local conditions, and his experience enables him to design a suit- 
able plant. The expense of doing this, and the responsibility 
as well, fall upon the purchaser, where they belong. The con- 
sultant prepares a set of specifications, and as Mr. Ford stated, 
this enables each engine builder to bid in a uniform manner upon 
definite knowledge of exactly what will be required. 

The author heartily agrees with Mr. Ford that the employment 
of automatic controls should not be permitted to encourage negli- 
gence on the part of the operator. On the contrary, the elimi- 
nation of many routine duties through such controls should be 
taken advantage of by employing a higher grade operator who 
can devote his time to those features of Diesel-engine operation 
that require expert supervision. A few hours a week of expert 
supervision of a plant having automatic controls is far better than 

* Consulting Engineer, Atlantic Refining Co., Philadelphia, Pa. 
Assoc-Mem. A.S.M.E. 
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the continuous attendance of an operator whose chief duties are 
to watch the temperatures of jacket water and lubricating oil. 
The exhaust-gas pyrometer of course can do no more than 
indicate combustion conditions, and mechanical derangements 
are quite beyond its ken. Late fuel injection or a leaking ex- 
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haust valve will cause high exhaust temperature. Such condi- 
tions, however, are not nearly as common as an unequal division 
of the load among the cylinders, and the latter is at once shown 
by the pyrometer. A change in loading of only 1 per cent will 
cause a change in exhaust temperature of 3 to 5 deg. fahr. 
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Standardization of Engine Ratings 


By H. E. 


OR several years past there has been a very evident need of 

arriving at a common understanding as to the methods of 

rating Diesel engines, and this has been particularly em- 
phasized in the last two or three years due to even a wider di- 
vergency between the minimum and maximum ratings of engines 
offered for the same purpose. 

This necessity is obvious, particularly from the standpoint of 
the purchaser of Diesel engines, and is equally obvious from the 
standpoint of the manufacturer, although it has not been recog- 
nized as such. The fact that engine manufacturers of the con- 
servative type often have occasion to criticize severely those who 
are not so conservative, and who rate an engine of a given cylinder 
size in excess of what the conservative builder is willing to do, 
arises from the fact principally that the conservative manufac- 
turer is offering more engine for the same purpose, and conse- 
quently at a price in excess of the more highly rated engine. The 
tendency has been particularly to purchase engines on price 
largely as is done with other commodities, and often purchases 
are made by those not having previous experience with Diesel en- 
gines, and as the representatives of the various companies all 
make equally convincing statements regarding their products, 
the purchaser generally makes a decision based on price. 

The conservative manufacturer can successfully maintain to a 
properly qualified customer that he is justified in paying the 
higher price asked, because he is selling a more liberal engine for 
the same horsepower, and, therefore, expects to be compensated 
accordingly. The representative of the highly rated engine can 
equally successfully point out to the customer that the conserva- 
tive builder is giving more engine than he needs, that he has re- 
fined his highly rated engine, and that it is ample in every respect 
and would be equally satisfactory and successful, and, therefore, 
should be given the preference. 

Usually the purpose for which the engine is intended is not so 
clearly defined that the exact power requirements are well 
known and definite, and frequently a customer will purchase an 
engine having greater capacity than that required. If it should 
happen that a much overrated engine is purchased, then the fact 
that the service demanded is not in accordance with the rating 
may permit the engine to operate successfully and its builder can 
point to the fact that the highly rated engine has given every 
satisfaction. Frequently a builder through his superior ex- 
perience with power equipment can ascertain better than the 
purchaser the exact requirements, and knows the circumstances 
full well in offering the engine he does, or in giving a certain engine 
the rating that is offered. All builders recognize the service re- 
quirements in certain classes of service, and it is not uncommon 
for the same engine to be offered for different ratings of a limited 
range, but the ratings met with in actual commercial work today 
vary from 70 lb. to 140 Ib. mean indicated pressure, and this wide 
range of variation cannot be reconciled for the conservative 
engine builder. 

In electrical industry there is a recognized practice of rating 
motors based on the fact that years ago two classes of service 
were recognized, and equipment developed and rated accordingly. 
For intermittent service such as that for street railways and ele- 

* Research Engineer, The Diamond Power Specialty Corp. For- 
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vators, electric motors were given what is called one-hour rating, 
which meant that when developing power at that rating they 
would reach a certain temperature in one hour, and this tempera- 
ture has been quite generally recognized as 50 deg. cent. Where 
the load requirements were such that a motor might be called 
upon to develop its rated power several hours, then it was recog- 
nized that motors must be given a continuous rating, which 
meant that the motor would have greater area of cross-section of 
all electrical conductors, greater cross-section of magnetic paths, 
and in general a more substantial construction. 

In spite of the fact that the Diesel engine has been with us for 
approximately twenty years, the builders have not yet even recog- 
nized jointly the fact that there are at least two classes of service 
similar to those in the electric field. In addition they have been 
under the additional handicap of not recognizing a certain stand- 
ard of rating for any service, whereas electrical manufacturers 
readily recognized that with certain classes of insulating material, 
50 deg. cent. was the maximum surface-temperature rating that 
could be used. The engine builders have exactly a similar con- 
sideration, although it is not generally recognized or discussed. 
The materials at present used in Diesel-engine construction have 
quite as definite temperature ratings as have insulating materials 
in electrical machinery, and the possibility of rating a given engine 
is pretty clearly a question of temperature and heat absorption. 

It is not the author’s intention to make an issue of the 2-cycle 
vs. +-cycle engine, yet in considering the matter of standardization 
of engine ratings, there must necessarily be a discussion of the 
2-cycle vs. 4-cycle engine. The reason for this is that the 4-cycle 
partisan states that he has an engine that is quite perfectly scav- 
enged prior to each fuel charge being introduced, and, therefore, 
he can burn fuel more efficiently than can be done in a cylinder 
less perfectly scavenged. It is recognized by all that a certain 
definite quantity of fuel can be burned per cubic foot of fresh air 
at atmospheric pressure, if the fuel is intimately mixed with the 
air so as to make all the oxygen available. In a 2-cycle engine 
with port scavenging, with the ports arranged so that the stroke 
is approximately 80 per cent effective, there will be less air, con- 
sequently less oxygen available for combustion of fuel than in an 
equal size (stroke and diameter) of 4-cycle engine, and it is, of 
course, conceded that theoretically less fuel can be burned per 
stroke as a consequence. If, in addition, the scavenging is not 
sufficiently effective so as to give the same degree of purity of air 
as exists during the compression stroke of the 4-cycle engine, then 
theoretically still less fuel can be burned. In referring to per- 
centages of effective stroke between the 2-cycle and the 4-cycle 
engine, it is to be noted that because of limitations of valve area, 
the 4-cycle engine may not have 100 per cent filling, and conse- 
quently not have the amount of air available that is generally 
considered as being available when making such comparisons. 
This does not necessarily follow as under certain conditions suf- 
ficient valve area can be provided, and manifold design can be 
such that complete filling will take place. Up to the above point 
there is no disputing the facts whether it be discussed by a 4-cycle 
or a 2-cycle advocate, but from there on there is no common 
ground. The 4-cycle advocate is not willing to concede that there 
can be perfect scavenging in a 2-cycle engine, neither is he apt to 
recognize the fact that there cannot be perfect mixture of fuel 
with air in either engine. It has happened that the engine with 
what is generally considered perfect scavenging (neglecting clear- 
ance space) has given poor results, due to the fact that there was 
improper proportioning of valve area or fuel distribution. There 


4 
3 
J 
the 
4 
‘ 
“ar 
; 
ta, 
3 
: 
| 
2 
4 
75 
3 


has not been, therefore, general recognition of that type of engine 
as being capable of utilizing the full theoretical rating that could 
be given from the standpoint of utilizing all available oxygen in a 
cylinder charge, and in fact none of the advocates of the 4-cycle 
engine have ever suggested, at any time, going to the theoretical 
maximum rating. 

While the 2-cycle engine with port scavenging has less than full- 
stroke volume of air available for combustion per stroke, it does 
produce power every stroke instead of every other stroke, and 
theoretically could, therefore, produce 60 per cent more power 
than the same cylinder size (diameter and stroke) of the 4cycle 
engine. Also the clearance space is scavenged as well as the 
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stroke space so that the full 20 per cent difference of stroke does 
not represent that difference of oxygen supply. There have, 
however, been no advocates of this type of engine willing to rate 
an engine this theoretical amount asa maximum. Consequently, 
in comparing the two types of engines, the practice of those build- 
ing them varies from these maximum theoretical figures down- 
ward with no uniformity whatever. 

Diesel-engine designers recognize the fact that the material 
they are dealing with, and the practical methods of cooling the 
heat-absorbing parts of the engine, have such limitations that 
these theoretical ratings cannot be attained. Some designers 
recognize this more clearly than others, hence one difference of 
rating practice. There are designers claiming a more intimate 
knowledge of the materials placed at our disposal by the creator of 
the universe, and they thus attempt to justify the high ratings 
given their engine, and it appears readily upon investigation that 
the only reason such wide divergences of practice can exist is 
due to the fact that it is exceptional for an engine to be installed 
under such conditions that its performance can readily be checked 
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up, and such that the conditions of load are sufficiently steady to 
give an engine an average load factor which will maintain opera- 
tion at its rated capacity. 

The two classes of service which more nearly approach this are 
those in the marine field where an engine is connected up to a 
propeller of more or less fixed power-absorbing capacity, or to 
a centrifugal pump operating under fixed conditions of total head 
and capacity. Even in these installations an engine is not called 
upon as a rule to maintain a steady maximum output. In com- 
mercial vessels operated as freight carriers, or passenger carriers, 
they are generally on a fixed schedule, but they operate under 
varying conditions of favorable or unfavorable winds, ocean 
tides, difference of load, and different conditions of hull surface, 
so that there is, as a rule, only relatively limited periods of service 
where the maximum power may be required day after day without 
any variation during the day or any day. It is nevertheless recog- 
nized by all builders furnishing engines for this type of service 
that it is more severe in its power requirements. Other classes 
of ships, such as fishing boats, yachts, barges, dredges, etc., can be 
classed almost generally as intermittent service, and as a rule, it 
is in these services where the highest ratings of Diesel engines are 
found. 

In direct consideration of the above circumstances, it is also 
necessary to bear in mind the practice of engine builders regard- 
ing the actual size of engine they offer, regardless of the rating 
given. Some engine builders consider that even with the maxi- 
mum rating which they give the engine, the engine must still be 
able to produce 25 per cent additional power without difficulty 
and without detrimental effect. Other engine builders consider 
that their engines should not be required to give any excess ca- 
pacity at their maximum rating, and therefore engines are offered 
varying in capacity from 90 per cent of their rating to 150 per cent. 
This is indicated moreover by the correction factors that manu- 
facturers apply to their engine for different altitudes. Some en- 
gine builders correct for each 1000 ft. of altitude above sea level, 
some even correcting for fractions of the first 1000 ft., and still 
others have not corrected their rating for altitudes as high as 6000 
ft. It is obvious from this that one manufacturer is giving a 
purchaser only the horsepower at normal rating, whereas other 
manufacturers must, if they do what they guarantee, be giving 
the purchaser at sea level either excessive horsepower or be giving 
the purchaser at 5000 ft. an engine without appreciable overload 
capacity. The question arises if the builder is giving the pur- 
chaser at sea level an excessive power or whether or not he is giv- 
ing the purchaser at an altitude a square deal as he is giving him 
less power. It seems to the author that the only fair way is to 
rate engines in such a way that under all circumstances the builder 
will be giving the customer exactly the power that is stipulated 
with an additional possible safe capacity of 10 per cent over this 
amount, and that this practice be followed under all conditions. 

If one manufacturer can rate his engine at 120 lb. mean indi- 
cated pressure, and have it produce its rated load continuously 
without any variation, and in addition be capable at any time of 
delivering 10 per cent additional power without detrimental effect 
or appreciable increase of maintenance charges, and give a mini- 
mum life of the most seriously stressed (from physical or heat 
forces) parts of the engine of not less than three years with reli- 
able operation as required during that interval, then it is obvious 
that any manufacturer that cannot do that can learn by similar 
use of material and design the way to do this. It would then be 
considered a normal and reasonable procedure to rate an engine 
at this high value. If, however, as is the present condition of 
affairs, there is no actual installation being operated under such 

conditions, it must be considered that such ratings only exist 
when the engine is used on intermittent service, and the results 
should, therefore, be spoken of as those obtained on intermittent 
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service and engines sold accordingly. The tabulation of engines 
actually sold in the past several years and offered during the past 
year indicates that there is substantial agreement on the above 
conclusions, as there are only a few manufacturers of Diesel 
engines that continue excessive ratings. 

In considering the establishment of standard engine rating 
there is not much possibility of securing unanimous consent to a 
certain tabulation of ratings until such time as manufacturers 
recognize that materials have a certain definite temperature 
characteristic, and with practical cooling systems can absorb a 
certain definite amount of heat without rapid deterioration. 
This was recognized long ago by the electrical industry when the 
manufacturers established to their own satisfaction a value which 
was generally recognized, which showed the amount of heat that 
could be satisfactorily dissipated from a given amount of surface 
when dealing with practical insulating materials on electrical 
machinery. Recognizing the fact that there is a certain disin- 
clination of strictly 4-cycle builders to concede the merits claimed 
by 2-cycle builders, there must of necessity be some compromise 
in establishing at this time a table of comparative ratings that 
should at least afford an opportunity for specific discussion. The 
following ratings are for moderate-speed engines, and in connec- 
tion with this designation it has become commonly accepted 
practice to recognize that engines running at 800 revolutions per 
minute and above are high-speed Diesel engines. It is recognized 
that the ratings offered, based as they are on mean indicated pres- 
sures, are to be considered as maximum, and that any engine 
builder, if not feeling capable of meeting these maximum pres- 
sures, and giving the customer the same good measure that he 
had been customarily giving, could come below these pressures 
in the amount he desired. Limiting pressures to these figures 
would restrict bidders on most any proposed purchase to a range 
that would not be unduly unfair, and it is hoped that serious con- 
sideration will be given to arriving at such an agreement at an 
early date. 


Four-cycle air-injection engine, 105 lb. max. indicated pres- 
sure 

Four-cycle mechanical-injection engine, 100 Ib. max. indi- 
cated pressure 

Two-cycle air-injection engine with excess scavenging air, 
95 Ib. 

Two-cycle mechanical-injection engine with excess scaveng- 
ing air, 90 Ib. 

Two-cycle mechanical-injection engine with 1 to 1 ratio or 
less scavenging air, 70 lb. 


It is also recommended that entirely apart from the question 
of standard ratings of any engines, the corrections for altitude 
up to 10,000 ft. be based on the effect of barometric pressure on 
the indicated output at sea level, excepting, however, that no 
correction be made from sea level to 2000 ft., and that the cor- 
rection curve of 2000 to 5000 ft. be faired into the theoretical 
at 5000 ft. as indicated on the accompanying curve. 


Repvucep Capacity AND Economy oF ENGINES OperRat- 
ING AT Various ALTITUDES 


Owing to the reduction in the density of air at increasing alti- 
tudes above sea level, with the consequent reduction of oxygen 
content, the amount of fuel which can be burned in a given 
cylinder volume is decreased proportionately. If no special 
provision is made to supply a proportionately increasing volume 
of seavenging air to the cylinder as the altitude increases, the 
power capacity of the cylinder will decrease approximately as 
the density of air. If additional seavenging air is provided, and 
the excess remains in the cylinder, the capacity of the engine 
will be reduced by the amount of power required to provide the 
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additional scavenging air, and increased by the extra air provided. 

The accompanying curve indicates no correction below 2000 
ft. and fairs off into the theoretically correct curve at 5000 ft. 
This curve is worked out with the assumption that the internal 
resistance and friction of the engine are constant, and therefore 
as the capacity decreases, the mechanical efficiency will decrease. 

In addition to the reduction in the power capacity, increased 
altitude also causes an increase in the fuel consumption per 
b.hp. per hour. The internal resistance and friction in the engine 
remain constant at any elevation below about 15,000 ft., also the 
fuel consumption per i.hp. remains constant. However, since 
the mechanical efficiency decreases, the fuel consumption per 
b.hp. increases inevitably, and it is the author’s recommendation 
that fuel guarantees be made on this basis, 


Discussion 


F. G. SHormaker.’ It appears that the author has overlooked 
one of the main points to be considered in rating an engine from 
the customer’s point of view. The customer is not primarily in- 
terested in the size of the cylinders, the tvpe of injection system, 
or the mean effective pressure. He is buying a piece of machinery 
for converting fuel oil into horsepower in the most economical 
manner, for the factor of fuel economy is one of the principal 
reasons for selecting the Diesel-type engine. It is therefore ob- 
vious that a horsepower rating based upon the guaranteed specific 
fuel-consumption characteristics of the engine is not only «a 
true measure of the merit of the engine as a piece of sound engi- 
neering design, but also enables the customer to place reliance in 
the manufacturer’s rating as a basis for choosing an engine to 
meet the load requirements of his particular installation. 

This method of rating in nowise compromises the advantages 
which a manufacturer believes his engine has regarding overload 
capacity, small floor space, ample bearing sizes, high speed, etc. 
With a rating based upon the actual performance of the engine 
instead of an arbitrary dimensional formula, it leaves the cus- 
tomer’s mind open to consider these mechanical features in their 
true light. 


J. BarraJA-FRAUENFELDER.* Torsional vibrations and crit- 
ical speeds resulting therefrom form a subject that is very im- 
portant, especially in the case of engines that must run at variable 
speed, and should enter into the consideration of rating. 

No Diesel engine is without torsional vibrations. Some of the 
critical speeds which are a consequence of them may be well within 
the service running range of the engine, while some are so placed 
by intention that they occur outside of the running range, and, 
therefore, they are not troublesome. In many cases, especially 
where variable speed enters into consideration, it would seem to 
be a matter of fairness to the purchaser that the manufacturers 
should furnish a chart showing the actual location of the major 
criticals, so that the purchaser may know how much margin 
above or below his service speed is available with freedom from 
vibrations. It is no longer sufficient to say that within the run- 
ning range there is no serious vibration. Purchasers are now 
more enlightened on the subject, and they want to know how 
much margin they have up or down. 

In navy work the usual guarantee is about 15 per cent above 
and below the service range when a fixed running speed is known. 
In some cases, in commercial work, some purchasers have specified 
20 per cent. These are cases where manufacturers have ac- 
cepted such a margin and have not been able to meet it. 
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In many cases a 20 per cent margin is unnecessary, especially 
when alternating-current generating sets are considered, because 
any slight fluctuation above and below the set speed will cause 
failures at the switchboard and failure in paralleling, so that 
such a margin would not be necessary. It is well to give the 
purchaser a fair deal, so that whether his engine has to run at 
fixed or variable speed, he will know where to stop and how far 
he can go. 

It is not difficult to prepare such a chart. Some time ago the 
writer showed some examples in Motorship, and while in the past 
manufacturers have been more or less shy in furnishing these char- 
acteristics, it would be well if they faced the situation squarely, 
and told the purchaser exactly what to expect and what the char- 
acteristics of the engines are in relation to critical speeds resulting 
from torsional vibrations. 

The majority of European manufacturers determine the smoke 
limit of their engines. Every engine has some definite com- 
bustion characteristics. No two two-cycle engines and no two 
four-cycle engines are alike. The smoke in the exhaust is some- 
thing which can be seen and which by experience and judgment has 
been found to be offensive to the proper functioning of the engine. 
The point at which the smoke begins to appear in the exhaust is 
the smoke limit of the engine, and represents the maximum out- 
put that the engine can give under fair conditions, assuming all 
the mechanical conditions are satisfied. 

Then, when that point is determined the judgment of the manu- 
facturer determines whether he will allow 20 per cent, 15 per 
cent, or 10 per cent under it for his normal rating. It is up to 
him to decide this according to the type of engine he is trying 
to put on the market, and how much of a square deal he wants to 
give the consumer. 

If the smoke limit corresponds to 120 Ib. mean indicated pres- 
sure, he probably wants to give approximately 20 per cent or so, 
and he can rate the engine at about 100 lb. per sq. in. pressure or 
thereabouts. This may give a little more or a little less than 20 
per cent margin. 

In the two-cycle engine field it is very difficult to set a definite 
limit on mean indicated pressure. The writer feels that 95 lb. 
per sq. in. mean indicated pressure is rather ambitious for two- 
cycle engines, especially double-acting ones. He would rather 
see it 10 Ib. below that for ordinary running conditions and for 
double-acting engines, while single acting ones may use 5 lb. 
more. For intermittent operation 90 and 95 lb. might do. It 
depends on the engine, of course. 

There should be a distinction between small and large engines. 
There are some large engines that can carry more indicated mean 
pressure than some small ones, and there are cases where the 
opposite is true. The need for standardization is apparent. 


L. M. Goupsmitru.‘ Propeller designers never seem to design 
a propeller that underloads an engine. They always design to 
overload it. Few yachts go to sea which do not return to have the 
propeller changed because it is just a little too heavy, which, of 
course, affects the engine rating. This discussion is very illumi- 
nating. It shows the great necessity of standardization. The 
writer is in accord with the author’s ideas and believes that most 
of this work certainly belongs to the Diesel engine manufacturers 
association. 


Epear J. Kates.’ The paper discusses two kinds of rating, 
(a) normal sea-level rating, (b) proportionate rating at altitude. 
The latter is by far the simpler problem as it depends upon a 
definite physical fact, the pressure of the atmosphere at various 
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altitudes. Once an engine has been assigned the proper rating 
for sea-level operation, there should be no difficulty in deter- 
mining the corresponding rating at any particular altitude. 

The fact is that most engine manufacturers now base the reduc- 
tion in capacity upon the atmospheric pressure at the point of 
installation, and their practices differ mainly in selecting the 
maximum elevation to which they are willing to apply the sea- 
level rating. The author’s method of correcting for altitude is 
sound in principle, and it is to be hoped that engine manufacturers 
will agree upon a common altitude up to which, as a matter of 
commercial convenience, no correction need be applied, as the 
engine will have enough leeway so that operation at this altitude 
will be substantially the same as at sea level. 

As regards the sea-level rating, the author proposes that all 
engines shall be rated in such a way that they will have a safe 
overload capacity of 10 per cent. In other words, he proposes 
that the normal rating shall be determined by the overload power. 
The fault in this proposal is that safe overload power is a very 
uncertain affair, and will vary greatly with the commercial policy 
of the manufacturer and the judgment of the observer. In fact, 
it is just as difficult to determine what the safe overload power 
should be as to determine the normal rating. 

Overload power is quite a different matter in an oil engine from 
what it is in a gasoline engine. The latter runs at all loads with 
a combustible mixture of fairly constant air-to-fuel ratio, this 
ratio being approximately the theoretically correct one. Conse- 
quently, a gasoline engine at overload is using a mixture of good 
quality, and the combustion conditions are therefore reasonably 
good. There is little after-burning and little over-heating as 
a result of it. 

On the other hand, an oil engine uses a wide range of air-to- 
fuel ratios from no load to overload, and because the air supply 
becomes inadequate with increasing overload, imperfect com- 
bustion occurs, with resulting after-burning and over-heating. 
Consequently, overloading an oil engine increases the tempera- 
tures of pistons, cylinders, cylinder heads, and exhaust valves 
far more than in the case of a gasoline engine. 

As these temperatures increase and the exhaust becomes smok- 
ier, the operation of the engine becomes unsatisfactory. But 
who is going to say just where the point of unsatisfactory opera- 
tion comes? There are so many factors involved that in the 
writer’s opinion the determination of a proper overload rating can- 
not be made sufficiently definite for practical use in determining 
normal ratings. 

The author offers certain limiting figures for the mean indi- 
cated pressure of various classes of engine. In the case where 
an engine type has been quite definitely standardized, such as 
the ordinary four-cycle air-injection engine, such a limiting figure 
will have a useful meaning. On the other hand, with other types 
of engines that are more in the course of development than four- 
cycle air-injection engines, such limiting figures are of little if 
any value. Even with a static condition of affairs, manufac- 
turers of four-cycle mechanical-injection engines with simple 
“pancake” combustion chambers are quite justified in rating 
their engines differently than if they had precombustion chambers. 
But we are not facing a static condition. The art is moving 
rapidly, and the figures that might be set correctly today would 
be contradicted by the developments of tomorrow. Limitations 
of this sort would surely tend to retard progress. 

The importance of the proposed standardization of ratings de- 
pends altogether upon how much the engine purchaser knows 
about Diesel engines. In many fields of application, such as pipe- 
line service for example, the purchaser knows from past experience 
exactly what power he can depend upon obtaining from an engine 
of given make and given size. In fact, some such purchasers have 
gone to the extent of requesting bids on engines of certain cylinder 
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displacements rather than horsepower capacity. There is no 
danger of such buyers being misled by variations in rating be- 
tween conservative and unconservative manufacturers. 

On the other hand, it is true, as the author points out, that where 
the buyer is uninformed as to oil engines he can easily be misled 
if he relies solely upon the manufacturers’ proposals and his own 
limited knowledge. But there is no reason why such a buyer 
should permit himself to be misled, as he can easily obtain the 
advice of better informed people who will tell him what ratings 
ought to be applied to the particular engines that are being offered 
him. The uninformed purchaser can easily obtain impartial 
and expert advice of this sort from an independent consulting 
engineer, and such advice will enable him to reach a more intelli- 
gent decision than any system of standardizing ratings that is 
now in sight. 


kK. Nisps.© The limiting feature with regard to the indicated 
pressure in an engine depends on the ratio of the quantity of air 
to the fuel, and at the present state of the art that is roughly 
twice the amount that is theoretically necessary. 

It is easier for small engines to get a higher mean effective 
pressure than it is the big ones on account of heat arrangements, 
but the author very carefully said this was for medium-power and 
medium-speed engines. The writer has made a table of practi- 
cally every engine built in the United States, and finds that very 
few of them exceed that particular mean indicated pressure. 

It is suggested that the 10 per cent overload might be given for 
a certain definite time. An engine cannot be sold at a certain 
rating, and also guarantee it for a 10 per cent overload for an in- 
definite time. 

A time limit which the writer would like to see adopted is for 
one or two hours during which the customer would know he could 
operate his engine without any detriment to mechanical parts, 
and he would still get a good fuel consumption. It is more a 
question of giving a standardized product to the customer. He 
will know if he buys an engine which does not exceed the limits 
laid down that he will get a thoroughly workable, reliable, and 
economical article. 


AvuTHOR’s CLOSURE 


Mr. Kates said that as the buying public becomes better edu- 
cated there will be no need for standardization of engine ratings. 
That is most peculiar. On the same basis there is no need to 
educate the public as to what is the difference between good se- 
curities and bad ones. Many attempts have been made, yet 
there are $345,000,000 worth of securities bought every year 
guaranteeing a return of 30 to 40 per cent, and of course they are 
all bad ones. The time will never come when standardization of 
ratings will not be desirable and necessary. 

As to the matter of overload ratings the paper states specifically 
that overload ratings must be such that no detrimental effects 
will result. If an engine that has already been given a high 
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rating has only a 10 per cent addition to it once a day for two 
hours, throughout a year’s operation, certain detrimental effects 
will be noticed. An engine rated 20 lb. below that would show 
probably no detrimental effects, and that, after all, is about the 
only basis on which overload capacity can be judged. 

Referring again to the electrical field, and particularly to a 
generator or motor, with cotton insulation on the windings, which 
is the commonest form, and with some kind of filler board for 
slot insulation. While the manufacturer may rate that at 40 
deg. for a certain definite horsepower, it can be run up to 150 
deg. without any trouble and will carry it. That motor will not 
be in good shape very long, however, because cotton insulation 
has a very definite charring temperature and when subjected to 
that temperature very long the motor will have to be rebuilt. 
The same thing is true of a Diesel engine. If subjected to an 
overload such that the limits of heat-absorbing capacity of the 
parts of the engine are exceeded, an early breakdown will result. 
If a figure for m.i.p. which is easily determined be used as a base 
for overload capacity, most definite results are obtained. 

Referring to the point that one should be guided by the point of 
maximum economy of fuel, that would be a good way to do it, 
but how will one get the brake horsepower, when driving a line- 
shaft, an air compressor, or a propeller, or something like that, 
where there is no tangible evidence of just exactly what horse- 
power is being developed? 

If an engine be put in a boat and connected to a propeller, the 
common way of determining the horsepower that is being devel- 
oped is to work backwards, but from the customer’s standpoint 
it is not so good when he is not getting the speed he wants. He is 
doubtful of the results. However, an indicator can be put on a 
cylinder to get the m.i.p., and if it is something agreed upon as 
being within the range of certain maximum figures, then the cus- 
tomer may be reconciled. 

Altitude ratings have provoked considerable discussion. Most 
of the four-cycle engine builders have not put any limit on aiti- 
tude as a rule, until the altitude exceeds 5000 ft. A well-designed 
four-cycle air-injection engine can handle its rated load at 5000 
ft. altitude without any detrimental effect. These are a number 
of engines running at 5000 ft. and some at 6500 ft. that are loaded 
practically continuously for 110 lb. m.i.p., and in a period of 
five years there has been no more maintenance on those than on 
the same engine at sea level. 

At the same time it is not a proper thing. The customer at 
altitude is not receiving the same reserve given at sea level. An 
engine rated at 100 hp. per cylinder at sea level if used at an alti- 
tude of 5000 ft. at 100 hp. per cylinder will not give the same over- 
all life with the same minimum repairs. 

The table was made for a maximum figure, and the feeling of 
representative engine builders in this country at this moment is 
that if bids are put in on the basis of a table of approximately 
the kind given there will not be too great a difference between 
the conservative fellow and the brave fellow so as unduly to 
handicap the consideration of the two bids on a strictly dollars 
and cents basis, which is the way they are considered. 
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Some Results of Oil-Spray Research 


By K. J. DE JUHASZ,' STATE COLLEGE, PA. 


ESEARCH in the wide field directed toward develop- 
R ment of the solid-injection oil engine should be directed 

toward (1) increasing reliability in operation, (2) increas- 
ing economy in both first cost, and in operation, and (3) increasing 
the variety of duties to which it can be applied. 

Increased reliability in operation comprises easy and sure 
starting, and freedom from breakdowns under all conditions likely 
to be encountered in service, less demand for skill in handling, 
good idling, and acceleration. 

Increased economy both in first cost and in operation obtained 
by use of economical materials for construction, simple design 
from a manufacturing point of view, the use of inexpensive and 
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easily obtainable fuels and lubricating oils, and low specific 
consumption under a wide range of load and speed conditions. 

Applicability for a wide variety of duties comprises adapta- 
bility for both small cylinder units operating at high speed for 
comparatively small power output, and large cylinder units oper- 
ating at low speed for comparatively large power output, re- 
duction of weight per horsepower, and ability to use a wide range 
of fuels and lubricating oils. 

Attainment of these objectives presents a threefold problem in 
design, metallurgy, and improvement of the working cycle. 
Design determines the shape, dimensions, and arrangement of 
parts which are best able to resist without failure the mechanical 
stresses and temperatures to which the parts are subjected, 
and by which high mechanical efficiency is attained. Metal- 
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lurgy evolves materials of higher strength and heat-resisting 
properties. Improvement of the working cycle should be in 
such a way that high mean effective pressure is obtained with 
low peak pressure and temperature, and with high thermal 
efficiency. 

These desiderata regarding the working cycle are largely con- 
flicting, and in order to arrive at the best all-around results a 
certain compromise is unavoidable. The approach to these ideal 
characteristics is chiefly a problem of suitably controlling the 
combustion, which in turn depends on the proper regulation of 
the state of the air and fuel. This includes density, temperature, 
and turbulence of the air, and properties of the oil spray. 

This latter can be again further divided into the following 
factors: 

a Introduction of the fuel at such a rate that too high peak 
pressures are avoided. 

b Distribution of the fuel uniformly in the combustion cham- 
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ber, in order that complete combustion may be attained with 
least waste of fuel and air. 

ce Thorough atomization of the fuel in order that complete 
and rapid combustion of the charge is attained with as little 
time lag as possible. 


NOMENCLATURE OF O1L Spray CHARACTERISTICS 


In view of the paramount importance of the characteristics of 
the fuel spray for the power output and efficiency of the solid 
injection oil engine, these have formed the subject of thorough- 
going investigations by numerous individuals and research 
bodies. Although an extensive literature deals with this sub- 
ject, it appears to the author that the terms defining the proper- 
ties of oil spray are not always consistently used, and are in need 
of a sharper definition. For this reason in the following an 
attempt is made to present a list of spray properties that are 
important from the combustion point of view together with their 
accurate definition. Some of these properties have an analogy 
with quantities used in electricity and also photometry, and in 
formulating some of these terms and definitions use has been 
made of the well-developed terminology of these branches of 
science. 

Time rate of discharge is the weight of fuel issuing from the 
orifice in unit time. Symbol q, unit (preferably) g sec.~* 

Angle rate of discharge is the weight issuing from the orifice 
during one degree of crankshaft travel. It can be expressed 
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by the fraction 60 ¢/360 n = q/6 n, where n = r.p.m. of crank- 
shaft. 

Discharge is the weight of liquid injected from the beginning 
to the end of one complete injection period. Symbol Q = 


t=T 
f qat, unit (preferably) g. 
t=0 
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Air: Fuel Ratio 


Fig. 3) Fue. Distrisution 


Number of Drops, Per Cent 
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Fic. 4 ATOMIZATION 


Velocity of spray is measured with reference to the orifice. 
Svmbol v, unit (preferably) m sec. ~! 

Different kinds of velocity have to be distinguished, such as: 
Issue velocity is the velocity measured at the orifice. Tip velocity 
is the velocity of the foremost particle of the spray. This can 
be measured by high-speed photography. 

Mean velocity of discharge is the ratio of the momentum of 
the spray to the discharge. It can be expressed by vn = M/Q. 

In investigations relating to heat transmission between the fuel 
particles and the air, their relative velocity is of importance. 

Momentum of spray is the sum of the momentum components in 
the direction of spray axis of the individual particles constituting 
the oil spray, as measured by the ballistic pendulum method. 
Symbol M, unit (preferably) gm sec. ~! 

Intensity of spray in a given direction is the weight of fuel 
issuing in unit time through a cone enclosing a unit size of 
spherical surface at unit distance from the orifice, the cone 
having its axis in the given direction. Symbol J = q/w, where 
w = solid angle (i.e., the ratio of a portion of the spherical sur- 
face to the square of the radius). Unit / steradian. (Photometric 
analogy.) (Fig. 1.) 

Spray-distribution curve gives the spray intensities in directions 
at different angles with reference to the axis of the oil spray. 


This can be represented in polar coordinates by marking off 
the spray intensities in a predetermined scale in different direc- 
tions with reference to the axis of the spray. (Fig. 2.) If the 
spray is non-conical (i.e., fan shaped) the spray-distribution curve 
is different in the various meridonal planes. (Photometric an- 
alogy.) 

Dispersion can be expressed as the ratio of the spray volume 
to the oil volume at a given phase of injection. (Cf. W. F. Joa- 
chim, Oil Spray Investigations of the N.A.C.A.) 

Fuel distribution is the air/fuel mixture ratio in the combustion 
space. It can be represented as a curve in orthogonal coor- 
dinates, the abscissa axis of which is the mixture ratio, and the 
ordinate the percentage of the total combustion volume having a 
certain mixture ratio. (Fig. 3.) 

Atomization. Though this word seems to be not particularly 
well chosen, for lack of a better term this is used to denote 
the size of the drops into which the fuel is broken up. It can 
be represented as a curve in orthogonal coordinates, the abscissa 
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axis of which is the drop diameter, and the ordinate axis the num- 
ber of drops (or the percentage of drops, or the percentage of the 
total discharge) having that diameter. Fig. 4. (Cf. Sauter, 
Sass.) 

Penetration is the distance from the orifice which an oil drop 
attains at a given phase of the injection period. Total pene- 
tration is the distance from the orifice at which an oil particle 
comes to rest (i.e., its velocity becomes zero). For a portion 
of the spray which issues in an infinitesimal time element the 
penetration can be represented by a curved surface. The total 
spray is represented by a family of curved surfaces. These 
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surfaces are at our present laboratory technique not readily 
accessible to experimental measurement. For practical pur- 
poses the penetration of the spray tip can be determined by the 
ballistic pendulum or by high-speed photography. 


ResEARCH FaciLities AT PENN STATE 


The purpose of the oil-spray research conducted at Penn State 
is to investigate the influence of various factors on the properties 
of the spray such as: 


1 Physical properties (viscosity, specific gravity, elasticity, 
surface tension) of oil 

2 Nozzle length, shape and orifice area 

3 Effect of pipe-line cross-sectional area and length 

4 Oil pressure 

5 Pressure of air into which the oil is injected 

6 Duration of spray. 


The facilities consist of : 

A spray-producing equipment, which is essentially an electric 
motor-driven variable-speed gearing adapted for actuating either 
a mechanically operated fuel valve in conjunction with an oil 
receiver under a given pressure, or a jerk pump acting in con- 
junction with a spring-loaded, hydraulically operated valve, 
or any other type of injection mechanism. 

A chamber capable of being filled with air under pressure 
into which the fuel spray is injected. 

Means for observation and measurement, such as windows for 
illumination and observation, visual observation, pendulum for 


Fic. 6 RecorpinG PENDULUM 

measuring the momentum of the spray, pressure gages for oil 
and air, pressure indicator for recording the pressure fluctuations 
in the oil line, and analytic balance for weight measurements. 

Part of the equipment has been described in detail in the papers 
presented before the first and second oil-power conferences in 1927 
and 1928 by Professor P. H. Schweitzer under whose super- 
vision the equipment was designed and constructed, and the 
experiments conducted until late last summer when he was 
granted leave of absence for study abroad. Therefore at this time 
only the later additions to the equipment will be described. 

New Pressure Air Chamber. A new high-pressure air chamber 
was constructed entirely of steel. (See Fig. 5.) It is essentially 
a piece of 10 in. diameter seamless tube forged hemispherically 
on one end, and adapted to be closed by a thick blind flange on 
the other. No opening of any kind is made on the shell itself, 
all holes for the nozzle, pendulum, actuating mechanism, and 
other fitments being made in the 2 in. thick blind flange. 
Recording Pendulum. The momentum of the oil spray can 
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be determined by shooting it against the center of gyration of 
a pendulum having a known mass in a similar manner to the 
ballistic pendulum tests for the determination of speed of bullets. 
An impact takes place in accordance with the law of inelastic 
bodies, and the pendulum is deflected. From the horizontal 
displacement of the pendulum and its mass, the momentum of 
the spray can be calculated. 

With the original pendulum the angular displacement was 
visually observed by means of an optical system, consisting of 
a mirror fixed upon the pendulum, source of light, and a trans- 
parent scale. A number of tests were carried out successfully 
with this pendulum. 
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On the basis of the experience gained with the visual pendulum, 
a new pendulum has been constructed which has an added 
number of desirable features. It is shown in Fig. 6, and consists 
essentially of a pendulum of variable weight and constant 
length. An impact plate against which the oil spray is directed, 
forms part of the pendulum weight. The displacement of the 
pendulum is recorded, by means of an indicator mechanism, 
on a card placed upon a rotatable drum. The whole pendulum 
together with the indicating mechanism is mounted upon a slide 
which can be moved on a runway in the direction of the spray 
axis by means of a lead screw similar to the lead screw and car- 
riage of a lathe. Moving the slide on the runway causes the 
indicator drum to rotate. The framework containing the run- 
way and lead screw can be fastened rigidly on the flange upon 
which the nozzle is mounted, and the whole apparatus enclosed 
inside the pressure air chamber. The lead screw can be actuated 
from the outside of the chamber through a shaft protruding 
through a stuffing box, and its number of revolutions, corre- 
sponding to a given distance from the orifice, counted by means 
of a Veeder counter. 

The cards obtained show the magnitude of the spray momen- 
tum as ordinates on the basis of the distance of the pendulum 
plate from the orifice as abscissas. A sample card in Fig. 7 
shows ordinates of different magnitude corresponding to injec- 
tions at different oil pressures. From the momentum and the 
known weight of discharge the mean velocity of the spray can 
be calculated. 

Stroboscopic Disk for Measuring the Rate of Discharge per Unit of 
Crankshaft Angle. Fig. 8 shows this equipment which consists 
essentially of a disk of approximately 10-in. radius near the cir- 
cumference of which a window is arranged. The disk is placed 
in close proximity to the front of the orifice. It is driven, from 
the camshaft of the spray-producing equipment by means of a 
positive drive consisting of a chain and sprocket, in such a man- 
ner that the window faces the orifice always in the same phase 
of the injection period, for the duration of one degree travel of 
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the camshaft. The quantity of oil passing through the window 
in the tested phase is caught in a receptacle and weighed. 

An epicyclic gear interposed between the driving camshaft 
and the driven window disk makes it possible to give an addi- 
tional angular movement to the window disk, and thus alter 
the phase at which the window faces the orifice. In this manner 
the angle rate of discharge in the different phases of the injection 
period can be determined. A sample chart obtained in this man- 
ner is shown in Fig. 13. 


Fic. 8 Srrososcopic Winpow-D1sk AND TarGeT-Disk EQuIPMENT 


Equipment for Measuring Directly the Issuing Velocity of the 
Spray. In order to obtain the instantaneous values of spray 
velocity in the different phases of the injection period a method 
has been developed by the aid of which the time, which 1s neces- 
sary for the spray to traverse a known distance, can be deter- 
mined. The equipment is shown in Fig. 8, and consists of a 
second disk, called the “‘target disk,’ keved upon the shaft of 
the window disk at a known distance therefrom, and driven 
from the camshaft by the same sprocket, chain, and epicyclic- 
gearing drive as described previously. The portion of the spray 
which is cut off by the rotating window disk, and passes through 
the window, travels through the distance separating the two 
disks and hits the target disk, making a mark uponit. The mark 
will be, however, not opposite to the window but at a certain 
angle therefrom corresponding to the rotation of the target disk 
during the passage of the spray. From this measured angle, 
from the known distance between the disks, and the speed of 
revolution of the disks, the velocity of the spray can be calculated. 
This value can be determined for the different phases of the 
injection period by means of the epicyclic phase-changing device 
described. A sample chart obtained in this manner is shown in 
Fig. 14. 

Some sources of error in this method may be mentioned. 
The position of the spray which is cut off by the window disk 
has to travel through the distance between the disks solely on 
its own energy without the assistance of the foregoing and 
following parts of the spray. Therefore the measured velocity 
values are liable to be lower than the actual values in the inte- 
gral spray. Furthermore, the blot on the target disk is, under 
some conditions, rather indistinct, which may cause obser- 
vational error. Nevertheless this method has been found to 


give usable values constituting a helpful complement of the 
other two methods (pendulum and photography) of measuring 
the velocity of the spray. 

The point-by-point method of investigating the different phases 
has been a fruitful proceeding in the research of various kinds of 
periodically recurring high-speed phenomena. The stroboscopic 


method for visual observation, the phase disk for alternating- 
current research, the sampling-valve type of indicator for high- 
frequency pressure events are some examples. It is interesting 
to observe that the method described for measuring the angle 
rate of discharge and the velocity of the spray in the different 
phases of the injection period falls also into this group, and 
promises likewise to yield valuable results for our knowledge of 
spray characteristics. 

The continued support of the industry in the way of supplying 
the laboratory with equipment is gratefully acknowledged.* 


INVESTIGATIONS CARRIED OvuT IN 1929 


During the past academic year the following characteristics 
of the oil spray were investigated: (1) Discharge weight, (2) mo- 
mentum of spray and from this the mean velocity, (3) pressure 
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2? The following have loaned or contributed equipment to the 
laboratory: Robert Bosch Magneto Corp., Bristol Co., Carpenter 
Steel Co., Clark Bros., Crane Co., De LaVergne Machine Co., 
Foos Gas Engine Co., General Electric Co., Muncie Oil Engine Co., 
Sharples Specialty Co., Standard Oil Company of New Jersey, 
Standard Steel Works Com., United States Navy Department, 
Venn-Severin Machine Co., Westinghouse Electric & Mfg. Co., 
Zenith-Detroit Co. 
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change during injection, (4) angle rate of discharge in the dif- 
ferent phases of injection, and (5) spray velocity in the dif- 
ferent phases of injection. 

The following quantities were varied: (a) Characteristics of 
fuel, oil with Saybolt viscosity and 1000, specific gravity 0.930, 
and oils with Saybolt viscosity of 50, specific gravity 0.865. 
(b) Dimensions (bore and length) of nozzle, 0.040 in. X 0.80 in., 
0.025 in. X 0.75 in., 0.025 in. X 0.50 in., 0.025 in. X 0.025 in., 
0.0135 in. X 0.027 in. (c) Speed of camshaft, 51 r.p.m., 82 r.p.m., 
131 r.p.m., 202 r.p.m., 314 r.p.m., 506 r.p.m. (d) Air pressure 


(gage), atmospheric, 100 lb. per sq. in., 200 lb. per sq. in., 
300 Ib. per sq. in. (e) Initial oil pressure, 1000, 2000, 3000, 
4000, 5000, 6000 Ib. per sq. in. 
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Fic. 12 Onm-Pressure [npicator Carp 


One research determined the weight of discharge. Repre- 
sentative curves (Fig. 9) show the discharge as a function of the 
total valve-opening time. They are nearly straight lines, as 
would be expected, the deviation from the straight line being due 
to the pressure drop during the injection. 

The second research determined the momentum of the oil 
spray under various air-pressure conditions. A few repre- 
sentative curves are shown in Fig. 10. With the high-viscosity 
oil and comparatively low air pressures used in these tests the 
retardation of the spray is not very marked. 
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In a third investigation the momentum curves were evaluated 
to obtain the mean velocity of the spray. The points obtained, 
as shown by Fig. 11 lie in a fairly distinctly defined band if 
drawn as a function of initial and end pressures of the injection. 
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Fig. 14. Vewocity or Spray IN THE DIFFERENT PHASES OF THE 
INJECTION PERIOD 


As is expected the values for the large orifice are below those 
obtained with the smaller orifices, owing to the greater pressure 
drop in the former case. 

In a fourth research the pressure drop during the injection 
period was investigated with the aid of the oil-pressure electric 
indicator described by Mr. Schweitzer in his papers referred to. 
These indicate a substantial pressure drop during the opening of 
the injection valve, after which the pressure rises again to a value 
lower than the initial value. Some of the cards show a pressure- 
wave phenomenon after the closure of the nozzle valve, which 
phenomenon may cause secondary discharges with hydraulically 
operated valves. A sample card is shown on Fig. 12. 

In a fifth series of tests the angle rate of discharge was studied 
by means of the stroboscopic disk, by collecting and weighing the 
discharge for equal increments of crank angle. A few representa- 
tive curves are shown on Fig. 13. It has been found that: 
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1 The injection begins earlier and finishes later, i.e., the 
discharge interval increases, by increasing the oil pressure. 

2 The maximum rate of discharge takes place earlier in the 
period with higher oil pressures. 

3 The smaller the orifice and the higher the speed of the 
camshaft, the more nearly uniform is the rate of discharge. 

In a sixth series of tests direct measurements were taken of 
the velocities by means of the two-disk method, in the different 
phases of injection. The values obtained are in some cases 
lower than those found by other methods. This is due to the 
fact that in reality the momentum of the whole jet which im- 
parts to the air the momentum of all the particles must be 
considered, thereby making the air the carrier of the oil 
spray. In the two-disk method, however, a small portion of the 
spray has to traverse the distance between the two disks on its 
own energy content in still air. A sample chart is shown in 
Fig. 14. 

Knowledge is lacking, which would make it possible on the 
one hand to predict with scientific precision the characteristics 
of an oil spray from the design data of the nozzle under a given 
set of conditions, and on the other hand, so to design the injec- 
tion system as to produce the kind of oil spray best suited 
for the combustion chamber and for the rest of the engine. It 
is hoped, however, that by patient research it will be possible to 
correlate the different variables and approach this rather highly 
set objective. 

The work described has been done under the direction of R. L. 
Sackett, Dean of Engineering, and of Prof. F. G. Hechler, Head 
of the Engineering Experiment Station. Prior to the summer of 
1928, P. H. Schweitzer, Associate Professor was in direct 
charge of the laboratory. Since last summer J. L. Merrill, O. B. 
Wert, Research Fellows, Jos. Weaver, mechanic, and Ph. Repino, 
senior student of mechanical engineering have cooperated with 
the author in building up the equipment and carrying out the 
experiments. 


Appendix No. 1—Theory of Pendulum 


Data of pendulum: 
Length = 
Mass = M grams. 


ir 
Complete period = T = 2x \, sec. 
q 


angular displacement = ¢ in radians 
Horizontal displacement = s cm. s 
Vertical displacement = h cm. Fic. 15 Impact on 
Velocity = u em. sec.~! A PENDULUM 


1 INSTANTANEOUS, INELAsTIC Impact 


A mass of m grams traveling at V cm. sec. ~! velocity enters into 
central inelastic impact with the pendulum shown in Fig. 15, 
which is at rest. The momentums before and after the impact 
being equal, it can be written: 


m(v u) = (M + m) (u— O) 
If m is very smail in comparison with M then: 


mv = Mu 


2 — 
The pendulum nises to a height h = 2gh corre- 


sponding to a horizontal displacement: 


s = VA(2r — h) 


If h is small in comparison with 2r, then it can be written: 


s = V 2rh 


h= — 
2r 
9 
g _ 
\; a and finally for the momentum of the spray the equa- 
, 
tion is obtained. 
mv = — Ms {1] 
T 


2 Inevastic Impact oF A ConTINUOUS SPRAY 


The impact takes place at v em. sec.~' velocity at a rate of 
dm 


> gram sec.~'. Then the equation of momentum will be: 
dm 
— div = dmr = N dt 
dt 
where 
dm 


= momentum per sec. = force 


The equation of the motion of the pendulum will be: 


d*s N ? 
— = —-—gsin¢ 
dt? M 
for small angles sin ¢ = ¢ = - 
» 
N q 
x 
d*t M 
N 
Introducing the symbols: A = —; B = — , the above 
M 7 
equation can be written: 
+B 0 
= 2 
dt? 


The general solution of this equation can be written: 


s = Deosat E = 0,s =0,D=E 
= D (cos wt 1) 
ds 
— = — wD) sin at. aoa 
dt 
— = — cos wl 
dt? 


Substituting into [1] it can be written: 


Cos wt (BD — wD) — (BD + A) = 0 
which can be satisfied for all values of ¢, if: 
BD—w’D =0 andBD+4A=0 


whence 


w = VBand D = = 


with these values: 


= B (1 — eos VBt) =A (2) coe 


| 
dt 
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Fie. 16 Recording O1-Spray PENDULUM 


A T . Qe 
— = = sin V Bt = A = sin — ¢, \7] dm 
dt 2r 7 
—— — an 
dt Se M 2m zat 7 
- = A cos V Bt = A cos —t. 
dt? 7 dm 
— tv = momentum = mv 
Assuming a spray of ¢ sec. duration for which O< t < 77/4 (i.e., dt 
less than the first one-quarter swing of the pendulum) the dis- i 
placement of the pendulum consists of two parts: on "Tr 
8; resp. h, during the spray, and m= Ms [13] 
s, - h. after the cessation of the spray. 


Dn T a = Or Equation [13] is similar in structure to [1]. There is a mul- 
tiplicator: 
= on COs T | 
is\" eos with which the pendulum displacement s has to 
ds 
— sin x — 
2¢ 2r be multiplied in order to get the actual value of the momentum. 


: In case of a non-constant pressure injection the correction 
2r 2x “tor in neare ‘ty it is indicate , 
) 1 ee - t + cos? — t + sin? 2 : factor is nearer to unity than it is indicated by the above formula. 


> 
to 


. Appendix No. 2—Error of the Method of Mea- 
(: suring the Instantaneous Spray Velocity 


Qn | The following notations are used: 
and s = V2r(h, = V2A (*) \' [12] s = distance between the disks 


{ = time necessary to traverse s at 
From the trigonometrical equation: » = spray velocity 
— a = angular lag 
- a cosa, f di k 
Sin = = = 5 it ean be written from [12] n = F.p.m. of disks. 


Then the velocity can be expressed by the following formula: 


dt 
and by substituting A = and multiplying numerator and 
2 . M ” The spray velocity decreases during the passage of the spray 


denominator by ¢ we get: through the atmosphere. The two-disk method gives the mean 
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velocity in the range between the two disks. From this point 
of view it is desirable to reduce the distance s between the two 
disks to as low a value as compatible with obtaining sufficiently 
large and distinct readings for a. The reduction is especially 
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desirable if tests are to be made under dense air conditions, i.e., 
when the negative acceleration of the spray is considerable. Up 
to the present the oil-spray experiments were made solely under 
atmospheric conditions, when the retardation is inconsiderable 
within the range which was of practical importance from the en- 


gineering point of view, i.e., within 20 or 30 in. from the orifice. 

On the other hand it is desirable to reduce the observational 
error in the reading of a. This can be attained by making the 
are value of @ large, i.e., the disk diameter large. From struc- 
tural consideration this is not desirable. 

The accuracy of the velocity determination depends to a great 
extent on the accuracy of the reading of the value of the lag a. 
Suppose that in this reading an error da is committed, owing to 
faulty observation or faulty determination of the zero point. 
The resulting error dv in the value of velocity is to be determined. 


6sr 


9= 
a 


dv 


= — r— 


da a? 


Then the absolute error will be: 


1 
dy = 6 sn — da 
at 
It is seen that the absolute error in v decreases in a quadratic 
fashion with the increase of the value a. 
The relative or percentual error is obtained by dividing the 
absolute error by the total value: 
dv da 


v a 


It is seen that the relative error in the velocity is equal to the 
relative error in the measurement of a. 
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High-Speed Oil-Engine Pumps and Injection 
Valves 


By JOHN L. GOLDTHWAITE,! INDIANAPOLIS, IND. 


Unable to find reliable data on high-speed injection valves and 
pumps for Diesel-engine manufacture, the author made a study of 
the problem, and his findings are given as an elementary treatise 
to clear the many points of trouble. As a practical solution of the 
injection problem, he makes a compact unit of the entire drive, 
the admission calves, and the controls. He uses the constant- 
pressure system, groups the admission valves for convenience, and 
pipes them to heavily loaded automatic injectors. 


HEN the Diesel engine first became a commercial 
reality, high-speed engines of any description were 
practically unknown; and with the materials then 

available, high speed, as we know it, was probably impossible. 
The automobile brought in higher and higher speeds, until now 
there are cars on the highways with engines turning 4000 r.p.m. 
and racing engines turning 8000 r.p.m. 

For oil engines, however, it was long believed that high speeds 
were not possible. Even after the mechanics of high-speed 
designs became fairly well understood and the materials became 
available, it was held that the ignition and combustion processes 
were too slow. It was assumed that the fuel must first be atom- 
ized by friction with the air, then heated and vaporized, and the 
vapor mixed with air, before combustion takes place. Diesel 
himself held this belief. 

Researches since the war have destroyed these views. For 
example, Ricardo has demonstrated that combustion in an oil 
engine could be speeded up to a considerably greater rate than 
that normally involved in a gasoline engine. He used a 5'/, by 
7-in. cylinder at 1500 r.p.m. It is now well established that the 
fuel drops ignite and burn directly from the liquid state. We 
have no very reliable measurement of ignition lag and combustion 
time, but we do know that efficient combustion has been attained 
in engines of 2000 r.p.m. or more. 

When a cloud of fine oil particles is sprayed into the hot air 
of the combustion chamber, the smallest drops are heated most 
rapidly, ignite when they reach a certain temperature, and burn. 
The larger drops are heated more slowly, ignite later, and burn 
longer—providing of course that they find the necessary air. 
If mixing is not uniform, the smallest drops will have the first 
chance at the air immediately surrounding them, and the com- 
bustion of the larger drops will be further delayed for lack of 
air. Later on, during the expansion stroke, these large drops 
may find their air, and burn completely, or they may decompose 
and make soot; in the first case they produce more heat than 
power, and in the second case more smoke than either. Large 
drops slow up the combustion and make the process more 
difficult to control. 

But the design of the fuel system is closely bound up with the 
design of the combustion chamber. In an engine designed with- 
out great turbulence the injection valve must both atomize and 
distribute the fuel. If turbulence is used to mix the charge, 
this function of the valve becomes less important; and finally, 
in the precombustion engine, only moderate atomization is 
needed, as the violent ejection of the partly burned charge from 


1 Allison Engineering Company. 

Presented at the National Meeting of the Oil and Gas Power 
Division at State College, Pa., June 24-27, 1929, the Pennsylvania 
State College cooperating. 
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the antechamber effects both mixing and rapid combustion. 
However, as the injection system is improved, the problem 
of the combustion chamber becomes simpler. With an ideal 
injector, little or no turbulence would be necessary; the ante- 
chamber would probably disappear, and we could determine 
the shape of the indicator card by the profile of a cam. 

Our problem, then, is to produce a sufficiently fine spray and 
project it where wanted, accurately metered, of course, and 
correctly timed. The difficulty of the problem is proved by the 
bewildering number of pump systems and valves to be seen in 
current practice and the low mean effective pressures in most 
of the successful engines. It is much easier to get 90 lb. m.e.p. 
in a 5'/.-in. cylinder than 110 lb. in a 5-in. bore. 


INJECTION VALVES 


If oil is forced through a small round orifice, a solid stream is 
formed at low pressure, but if the pressure increases, the jet 
becomes unsteady and finally breaks into a conical spray. It 
was formerly assumed that the spray was produced by friction 
against the air, and this possibly plays a part; but it has been 
shown by Dr. Kuehn and others that turbulent flow within the 
orifice is probably the direct cause and the most important 
factor. Spray formation begins when the velocity of the liquid 
through the orifice reaches the critical point at which turbulent 
flow begins. Above this velocity (of the order of 50 ft. per sec. 


for kerosene in a typical nozzle), the liquid in contact with the 
walls of the orifice breaks into a multitude of little whirling eddies 
which, when they reach free space, fly apart, as it were, from 
centrifugal force. The turbulence is opposed by viscosity, but 
viscosity becomes of less relative importance as the jet velocity 
increases, for the disrupting force increases with the square of 


the velocity. It might be expected, then, that atomization at 
medium pressures would be profoundly influenced by the vis- 
cosity of the oil, while at very high pressures this difference 
would tend to disappear. This fact has actually been demon- 


' strated, and is of great practical importance when you design 


your engine for one kind of fuel and the user decides to try 
something else. 

With any given nozzle the size and uniformity of the drops 
are functions of the jet velocity, that is, of the injection pressure. 
Nozzles may vary in efficiency, but there is only one way to get 
fine atomization, and that is by using very high pressure. And 
since excellence of combustion is a function of atomization 
(other factors remaining the same) we should expect the effi- 
ciency of the engine to increase with the injection pressure. 
Heidelberg demonstrated this to be true, at least up to about 
4000 Ib. pressure. 

This relation probably would not apply to a precombustion 
engine. 

However, the pump does not atomize; it only delivers the pres- 
sure energy to the nozzle, which must use the energy to break up 
the oil and to project the drops exactly where they are wanted. 
It requires energy to do both, and the two requirements are 
conflicting. 

Hausfelder quotes Lenhardt’s experiments to show that even 
moderately small drops are too tough to be further subdivided 
by friction against the air. But it must not be supposed that the 
air has no influence on the spray. The millions of tiny particles 
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composing the spray cloud must move a considerable distance 
through the dense air of the cylinder. 

A single drop, no matter what its initial velocity, could not 
penetrate far into the cylinder because of air friction, but the 
entire mass imparts much of its motion to the air, which then 
becomes a carrier of the cloud. The penetration is very much 
reduced and the spray cone angle increased by the dense air 
of the combustion chamber; so much so that the behavior of the 
nozzle in the atmosphere is not even a rough index of its per- 
formance in the engine. 


InsEcTION THROUGH RouND HoLEs 


The simplest possible injection is merely a round hole in the 
end of the nozzle. Turbulent flow, established by friction of the 
oil at the periphery of the orifice, causes the oil to break into a 
spray. The length, diameter, and condition of the hole pro- 
foundly influence the resultant spray. 

The flow follows the familiar hydraulic rule: 


Q = cA 2gh 


The discharge coefficient c increases with the size of the hole; 
is practically constant over a pressure range from 1500 to 8000 
lb., and remains the same for a wide range of oils. Its value 
for sharp-edged orifices of the usual nozzle sizes is from 0.65 to 
0.75. The condition of the entering edge can materially affect 
the discharge rate; in the experiments of the National Advisory 
Committee for Aeronautics a slight accidental rounding at the 
entry caused an increase of 10 per cent. 

The length of the hole affects the spray cone, a thin, sharp- 
edged orifice produces the finest spray with the least penetration, 
whereas a long hole tends toward a smooth, wiry jet. 

Precombustion engines sometimes use the single-hole nozzle; 
this type of engine requires strong penetration, which can readily 
be obtained at comparatively low pressure (1400 Ib.) with a 
single, rather large, orifice. The single is not so readily adapted 
to other engines, because it is difficult to distribute the fuel. In 
the M.A.N. engine, however, one or two nozzles are set in the 
side of the cylinder and project the spray across at a slight angle 
to the diameter. 

By using several small holes in the manner of a pepper box, we 
can get better atomization combined with very good distribution. 
Unfortunately, when applied to small engines, the holes in the 
nozzle become so small that they are extremely difficult to drill 
and are very easily damaged or clogged. 


CENTRIFUGAL NOZZLES 


By placing spiral guiding passages before the orifice the oil 1s 
given a rotary motion, and a so-called whirling spray is produced. 
Upon leaving the nozzle the centrifugal force scatters the oil 
particles radically, producing a wide cone instead of a narrow 
jet. The atomization is definitely improved, and the spray 
cone angle is increased. The spray can be better adjusted to 
the shape of the combustion chamber; the spray cone, having 
a larger surface against the air, is more effective in creating tur- 
bulence, and more air is enclosed within the cloud. In all these 
respects the centrifugal injector is perhaps not equal to the 
multiple-hole nozzle, but it is free from the practical difficulties 
involved in drilling microscopic holes; furthermore, the charac- 
teristics of a given nozzle can be readily changed at will by sub- 
stituting a different spiral core or rod. 

Except for friction, the angle formed by the spray cone should 
be the same as the angle of the spiral which produces the ro- 
tation. The diameter of the spiral rod does not matter; the 
speed of rotation imparted at the splines increases as the liquid 
approaches the smaller diameter, as can be observed in an 
ordinary funnel. With a 45-deg. spiral 0.02-in. orifice and 8000 


Ib. pressure, the rotation of the jet would be, theoretically, 
about 7,000,000 r.p.m. Obviously, friction is bound to reduce 
this considerably. In a long, slender orifice such terrific rota- 
tional speed will be largely damped out; the orifice passage should 
be short to best use the rotation. If the area of the spiral 
grooves is small compared to the orifice, much pressure will 
be lost by friction. Considering that the rotational speed pro- 
duced in the grooves increases as the oil approaches a smaller 
diameter, it is evident that the approach should be made as 
gradual and as smooth as possible. Slight roughness in the 
approach passage will produce disturbances whose effect will be 
multiplied many times at the small diameter. The spiral grooves 
must be as close as possible to the orifice, for the intervening oil 
at the beginning of injection will of course be injected without 
receiving any rotation. 


ANNULAR ORIFICES 


By inserting a plug in a large orifice, or by using a poppet 
vaive with very small opening, we have a nozzle that produces 
a hollow tubular or conical spray. In such designs the “edge 
effect’’ is greatly increased, and the pressure energy is used to 
the fullest extent. Furthermore, the spray cloud presents a 
large area to the air. 

The tubular spray should be much finer than the spray from 
a simple hole at the same pressure; but the same difficulty pre- 
sents itself when it is attempted to fit the shape of the spray 
cloud to that of the combustion chamber. Perhaps the prin- 
cipal reason why such nozzles are not widely used is the necessity 
for extreme precision in the centering of the plug; with an aanu- 
lar space of one- or two-thousandths inch a displacement of a 
couple of ten-thousandths in the centering of the plug would 
cause the spray to be lopsided, and very slight erosion would 
destroy its usefulness. 

A more attractive type is the conical or flat-seated valve. 
The original McKechnie valve, probably the first successful 
high-speed injector, had a flat seat with very thin edges, pro- 
ducing a spray in the form of a thin flat disk. It is obviously a 
difficult nozzle to make and to maintain. 

A conical valve has the advantage of being in some degree 
self-centering. The self-centering feature is not to be trusted 
in the design of the valve, but if the necessary precision is built 
into it, this nozzle is more likely to maintain its accuracy than 
either of the other types. 

The spray formation deserves special attention. The valve 
projects a thin sheet in the shape of a conical surface of which 
the valve is the apex. As the diameter increases, the thickness 
of the sheet necessarily diminishes, until a point is reached at 
which the sheet can no longer maintain continuity, at which 
point it literally bursts into spray. For example, if a valve 
‘/, in. in diameter opens 0.001 in., the thickness of the sheet 
at 3 in. diameter will be 0.00017 in., or 0.004 millimeter — 
about the same as the diameter of the drops produced by air 
injection with a blast pressure of 1100 lb. 

At any given opening and pressure the sheet will break into 
spray at a definite distance from the nozzle. Hence we can 
project the sheet into a definite part of the combustion chamber 
and there convert it into spray. Both surfaces of the sheet 
presenting a large area to the air, and moving at terrific velocity 
(9000 ft. per sec. at 5000 lb. oil pressure), will set up a powerful 
air turbulence moving toward the spray. If the valve is heavily 
spring-loaded, its opening will vary with different fuel pressures, 
and the spray cloud will be formed at varying distances from 
the valve; so that during the rise and fall of oil pressure during 
the injection cycle some part of the spray will be produced in 
every part of the combustion chamber. 

A very interesting development of this type is seen in the 
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N.A.C.A. injection valve No. 9. In this injector the valve opens 
by flexing of the thin lips of the valve and seat. The valve is 
accurately centered by the stem, which is fluted near the lower 
end and lapped to a snug fit in the sleeve. The stem does 
not move, but the opening pressure is set by tension, adjusted 
by a nut at the upper end. There is practically no inertia to 
oppose opening or closing. 


Open Versus CLosED NozzLes 


Any of the valves described can be built either as open-type 
or closed-type nozzles. The open type is always open to the 
cylinder, and the oil flow is controlled entirely by the pump. 
A light check valve may be used to prevent the cylinder air 
pressure from penetrating into the fuel lines. The closed type 
has a spring-loaded valve or its equivalent, which is opened 
either by a cam or by the pressure of the fuel. 

The open nozzle of course is much simpler, as it has no moving 
parts. It has another decided advantage in that any air that 
finds its way into the pump will pass out freely through the 
nozzle, whereas a tiny bubble, in a closed system under high 
pressure, will lock the entire system. But it has a very grave 
objection. Since oil pressure cannot be built up or relieved 
instantly, the start and the finish of every injection must neces- 
sarily take place at low pressure, and those portions of the spray 
will be coarse. The same thing happens at low speeds, when the 
pump plunger is moving too slow to build up high pressure against 
the constant outlet area. Of course at low speeds the atomization 
need not be so fine; it may even be desirable to delay ignition 
by such means. 

The closed nozzle, on the other hand, can be set by spring 
tension, or otherwise, to a definite opening pressure. It re- 
mains closed until this pressure is attained, and closes promptly 
when the pressure falls. Consequently, all the spray is injected 
at high pressure regardless of speed or pump characteristics. 
Against this must be set the possibility of leakage, especially if 
fairly high pressure is maintained in the injection pipe between 
injection periods; a leak may have very serious results in the 
engine. If a closed valve is not very nearly perfect, it will be a 
total failure. 

The time lag due to inertia of the valve parts can be readily 
calculated from the fundamental relations 


s = '/, al? 
and 
a = F/m 


in which ¢ is the time required to move a distance s; a is the 
acceleration produced by a force F acting on a mass m. The 
force F is proportional to the area acted upon by the oil pressure; 
the necessary distance s for full opening depends on the di- 
ameter of the seat. For minimum lag, the area acted upon, 
and the diameter of the seat, should be large; the mass of the 
moving parts (stem and spring) must be small. All these fea- 
tures are well combined in the N.A.C.A. diaphragm valve. 

The general effect of orifice size and proportion has been dis- 
cussed. The following table from the N.A.C.A. is a practical 
summary covering these details of orifice nozzles, both centrifu- 
gal and non-centrifugal: 


For For For 
maximum maximum maximum 
penetration atomization spray volume 
Helix angle......... Axial or 90° 20-25° 20-30° 
Ratio of orifice area 
to helical groove, 
Ratio of orifice length 
to orifice diameter. 1.5 0.2t0 0.5 ons 
Orifice size......... Large Small (multiple) Smal! 
Seat position........ Close to orifice Above spiral Negligible 


groove 


The helix angle is measured from the horizontal; that is, 90 
deg. is axial producing no rotation; 20 deg. to 25 deg. produces 
high centrifugal force. 

The valve seats of closed nozzles require careful study. The 
seats must be narrow, so that seat pressure will be high; but 
they will chip if too narrow. One company that has standard- 
ized on valve units makes seats 0.020 in. wide. From the 
standpoint of unit pressure, the N.A.C.A. recommends 15,000 
lb. per sq. in. seat pressure. Both seats should be the same 
width, otherwise wear will develop a step on the wider seat. 

Valve stems must be very accurately guided; one cannot ex- 
pect the valve to center itself in a half-thousandth of a second. 
Very closely lapped stems and bores must be used. 

Packing of any sort is utterly impractical; it is better to 
design around the necessity. The friction of any packing tight 
enough to hold high pressure will make a valve erratic. But a 
stem lapped to a very accurate fit in a smooth-lapped bore will 
hold any pressure. The length of the fit should be five to eight 
times the bore. 

If the entrance to the orifice is rounded, it will be less liable 
to change from slight abrasion, as from dirt in the oil. 

The success of such a valve as the N.A.C.A. No. 9 depends upon 
the utmost precision. The stem is lapped to a snug fit in the 
bore to hold the valve central. Valve and seat are separately 
lapped to male and female jigs. The sleeve must be concen- 
tric, else expansion from heat will distort the fits. 

A high-grade tool steel or hardened stainless steel should be 
used for valve seats. 

The effect of heat on the injection valve is much less than 
usually supposed, for while the valve is heated from the outside 
it is always cooled by the flow of oil within. Consequently, 
valves have a tendency to run cooler at full load. 


Fue. Pumps 


The function of the pump is to deliver a definite charge at high 
pressure at a definite time—apparently simple requirements, but 
much complicated by the high speed and pressure and the minute 
quantity handled, as well as the compressibility of the oil and 
complications of waves. 

There are two general systems. In the commonest, a cam- 
driven jerk pump for each cylinder discharges to an injector; 
the pump must both measure the oil and compare it. The in- 
jector may be open or closed. 

A 6 by 7-in. cylinder requires about 0.012 cu. in. of oil per 
charge, which might be supplied by a '/«in. plunger moving 
1/, in. At 1000 r.p.m., 30-deg. injection period, and 6000 lb. 
pressure, such a plunger must move some 4 ft. per sec. against a 
force of 300 lb., representing about 2 hp. 

In a jerk-pump system a cam is almost invariably used to 
drive the plunger, as an eccentric drive would be bulky. 

Generally the cam is shaped so that the plunger moves at 
high speed during most of the discharge stroke, and the oil is by- 
passed at one or both ends of the stroke. A by-pass port allows 
free discharge of the oil until the plunger covers it; injection 
then starts, and continues until an overflow valve is opened. 
The overflow may be another port or it may be a mechanically 
operated valve opened by suitable linkage from the plunger 
motion, or by a separate cam. For regulation, the plunger 
stroke, by-passing, or overflow are varied, or the intake is 
throttled. 

The second type is a constant-pressure pump (generally three 
plungers) supplying a constant head of oil to a “common rail’’ 
from which it is admitted by timed valves to the injectors. 
The admission valves may be grouped together and the oil piped 
to the nozzle, or they may be in the nozzles themselves and oper- 
ated by an overhead camshaft or rocker arms. 
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The ingenuity of many engineers has led to an endless number 
of designs. In this paper, rather than attempt to review the 
field, the author will confine himself largely to a discussion of 
the principles involved. 

Oil, like other liquids, is compressible: the modulus is of the 
order of 0.0001 per atmosphere pressure. At 6000 lb. it com- 
presses about 4 per cent. If our system above holds 1 cu. in. 
of oil, the compression will be more than three times the amount 
of the charge for our 6 by 7-in. cylinder. (Fuel pipes are only 
slightly elastic, less so than generally supposed; for if we work 
a steel tube at a fiber stress of 30,000 Ib., or a brass tube at 12,000 
lb., it will increase only 0.1 per cent in diameter, or 0.2 per cent 
in cross-section area, which is negligible.) Imagine that our 
system is injecting air at 0.6 lb. gage pressure (4 per cent above 
atmospheric) instead of oil at 6000 lb., and we have a clear picture 
of the process. 

This condition is at its worst when we use an open nozzle at the 
end of a long pipe; the gradual rise and fall of pressure at the 
beginning and end of the injection period can be visualized 
readily from the compressed-air analogy, and the necessity for 
high plunger speed and for generous quick-opening overflow 
valves is at once apparent. 

On the other hand, this elastic complication disappears en- 
tirely in the common rail system with the nozzles operated di- 
rectly by a cam, which is probably the best solution from this 
standpoint. Such an arrangement is generally considered un- 
desirable, because the long camshaft introduces mechanical 
complications: it is hard to control cam clearances when the 
entire engine structure distorts with heat. 

The commonest arrangement is a set of plungers, each dis- 
charging through a pipe to an automatic spring-loaded injector. 
Since the nozzle remains open only at high pressure, the gradual 
rise and fall of fuel pressure does not affect the atomization; 
opening and closing are sharp, just as sharp as the inertia of the 
valve parts permits. But the timing may be seriously affected. 
The oil in the pipe must be compressed before sufficient pressure 
is developed; the lag due to this cause is a perfectly definite 
number of degrees and depends on fixed conditions. Then there 
are waves which are not so definite, but which affect both open- 
ing and closing. 

A compression wave of considerable violence is started through 
the pipe at the moment pump discharge begins; and it is likely 
that another wave, started back when the injector closes sud- 
denly, is reflected through the length of the pipe and causes the 
valve to bounce open again. Photographs by the N.A.C.A. 
show this secondary discharge. In their study of the phenomena, 
the lag of opening was decreased by using a high initial pressure 
in the pipe, and the secondary discharge was eliminated by 
changing the length of the pipe. 

All these complications are eliminated by combining the plunger 
with an automatic injector in a single unit on the cylinder head. 
This is done in the Dorner engine. 

With cut-off by overflow or by-pass it would be difficult to 
maintain a predetermined high pressure in the pipes of the usual 
system. But we can use the constant pressure system, group 
the admission valves together for convenience, and pipe them 
to heavily loaded automatic injectors. All factors are thus under 
control. 

Say that we use 6000 Ib. injection pressure and also set the 
injectors to close at 4000 lb. When the injector closes, oil is 
left at the latter pressure in the line. When the admission valve 
opens it is then not necessary to compress the oil much farther 
before injection can start. No great pressure change is involved 
at either end of the injection cycle, and so there is nothing to 
set up violent, erratic wave impulses. The entire drive, ad- 
mission valves, and complete controls are all in one compact 


unit. In the author's opinion this is the most practical solution 
of the injection problem. 


DeETAILs OF DESIGN 


All modern pump units are made with accurately lapped 
plungers and cylinders which require no packing. As in valve 
stems the plunger length should be five to eight times the bore. 

If a crosshead or similar device is used to prevent side thrust, 
it should be so connected that slight misalignment cannot bind the 
plunger, for these lapped plungers work without clearance and 
hence without side play. 

In constant pressure pumps the volumetric efficiency may be 
considerably reduced by inertia of the valves; fortunately this 
effect is relatively small at low speeds. At high speed, unless 
the inlet passages are quite large, simple suction may not be 
sufficient to fill the cylinders; the safest plan is to use a primary 
supply pump so that 100 lb. or so will be available to overcome 
valve and port resistance. On the discharge side, the size of 
valves and pipes is of little consequence; a few hundred pounds 
loss in several thousand does not matter. Leakage, however, 
cannot be tolerated. 

In a four-cycle four-cylinder engine with 30-deg. injection. 
actual injection occurs only one-sixth of the total running 
time, and so the pump of a constant pressure system must 
have six times the output required by the engine. And in the 
jerk-pump systems we have seen that compression of the oil 
may take more pump capacity than does the actual injection. 


Discussion 


D. O. Barretr.? There are one or two things I should like 
to bring out and perhaps ask the author if he will reply to them. 

No matter how perfect the lapped fit is in these pumps, there 
comes a time when there is a certain amount of leakage—in other 
words, 3 certain amount of wear. I am wondering if some of this 
does not produce a lag, which strikes me, although I have not 
had any experience with extremely high-speed engines, as being 
less important than the leakage itself; that is, I think that this 
amount of leakage might be more important than the lag in the 
pipe. The author mentioned 6000 lb. ignition pressure at which 
this valve would be opened. Would it not be possible to use an 
auxiliary pump and supply the inlet to the pump at 4000 lb. pres- 
sure, which would give constant leakage through the valves and 
past the plunger of the pump, so that when the plunger started 
from the cam, the pressure would not have to be built up from 
zero to opening pressure, but from 4000 to 6000. It would mean 
another pump, of course, but of very simple construction and 
possibly considerably larger capacity, and after it started to 
leak, it would leak during the entire period. 

From the author’s remarks, it would seem to me that the rail 
system would be much more applicable, but I presume the trouble 
has been with high speeds in opening the valve. However, I 
should like to ask particularly if he has had any experience in 
building up a certain pressure and then using the fuel at a still 
higher pressure. 


C. R. Atpen.* Might Mr. Barrett’s question be extended to the 
audience in general regarding leakage or change in the rate of 
leakage of lapped fuel-pump plungers? 

We have made a great many of these and know of no instances 
where there has been any report of change of rate of leakage which 
has come back to us except possibly in cases where it was defi- 
nitely chargeable to abrasive in the fuel, and in that case, of 
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course, the rate of change of the leakage is so rapid that the parts 
do not last more than a few days. 

I wonder if we can have the experiences of some who have 
operated over a considerable period of time. 

Mr. Barrett. In our own power plant we operated an engine 
in which the management insisted that we use a very poor grade 
of fuel. We found in this that it was necessary to increase the 
clearance between plungers and bushings; otherwise they would 
be rusted up each morning, after the previous day’s run. The 
engineer usually attempted to drive them down with a hammer, 
and the result was that plungers were broken off as well as the 
springs. Had we been using a lighter grade of oil—say, ordinary 
kerosene or anything around 40 deg. gravity—the leakage would 
have been so great that a change in timing would have been neces- 
sary. 

Such conditions as these often happen in the field. It was also 
necessary, on our test floor, to use the same oil as in the power 
plant. As no one who purchased these engines used fuel of a 
similar nature, it was necessary to have extra sets of pump plung- 
ers and nozzles and, after engines had been tested with loose 
plungers, insert these and run long enough to show that they 
would not stick, and then the engine was ready for shipment. 

I have often wondered what would happen had the man in 
the field decided to use the same kind of fuel as we were using 
in our power-plant unit. Our own experience would no doubt 
have been repeated. The same thing in the reverse would have 
happened had we sent out loose plungers to a man who was going 
to use distillate. Smokeless combustion or any other sort of 
satisfactory operation would have been out of the question. 

Our experience has shown that the clearance between these 
parts must be changed. It is not a matter of policy, simply facts, 
as our plungers would all stick under the circumstances mentioned 
and simply have to be loosened up. 

One of our test-floor operators had considerable trouble with 
dirt and foreign material getting into the fuel lines and plugging 
up the spray points. So when a new engine was started, he used 
a set of spray points with the ends ground off, these simply 
spilling the oil into the cylinder. After the engine was run for 
a time and the lines were cleaned, the regular nozzles were in- 
serted, and no further trouble was experienced. Considerable 
time was thus saved. 


C. H. Martens.‘ I should like to ask the author a question 
that is possibly of more interest to valve and engine designers 
than operating men. Can you give us any specific information 
as to the actual pressure drop through an injection valve? When 
we speak of 4000 or 5000 lb. pressure, we ordinarily consider it 
as existing at the pump outlet. What pressure are we getting at 
the nozzle tip? The pressure lost in establishing oil flow through 
the injection lines and valve passages does not influence the oil- 
spray characteristics. Can you give us the percentage pressure 
loss through valve passages of various types? 


W. F. Joacuim.® There is one general subject which has not 
been mentioned. In connection with the weight of the engine, 
particularly, metallurgy has been omitted. I am not going to 
say that we are going to have beryllium next month or next 
year, but a matter of ten years ago we did not have aluminum; 
now we have it. Beryllium is lighter than aluminum and as 
strong as the ordinary structural iron, about 50,000 Ib. per sq. in. 
tensile strength. This material may be used instead of iron or 
cast steel in the future for the engine structure, if it becomes sup- 
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plied as we now have aluminum, and it will lighten the whole 
engine structure very much, perhaps decreasing it to approxi- 
mately one-fourth of its present weight. 

In addition to the general aspects of modern metallurgy, of 
those parts that require absence of leakage such as in pump plung- 
ers and injection valves, the industry now offers the nitriding proc- 
ess, using alloys of chromium, molybdenum, aluminum, and steel. 

This steel, called Nitralloy, has approximately '/, to 1'/. per 
cent of aluminum, which acts as a carrier for the nitrogen in form- 
ing the hard case. Chromium and molybdenum give charac- 
teristics to the core which are desirable for strength and toughness 
in the same way that other alloy steels are used when case-hard- 
ened. 

In Europe, at the present time, there are nitrided crankshafts 
operating in aircraft engines with apparently every success. 
Cylinder liners are also nitrided, and it was reported approxi- 
mately one year ago that their wear is about one-tenth that of 
the ordinary forged-steel liner. 

Nitralloy is now being applied to such parts as pump-plunger 
bushings, pump plungers, injection-valve stems and_ their 
bushings, and exhaust-valve bushings. And so I think, with 
these recent achievements in metallurgy before us, we can look 
forward to the practical use of beryllium and its various alloys 
of copper and aluminum in engine structures, as well as to a 
greatly increased use of nitrided steel. 

I was rather sorry to hear expressions of opinion that ‘we 
had to put up with leaking fuel pumps.’’ Those of us who have 
gone into the problem of fuel injection rather deeply know that 
the injection must be at certain definite rates throughout the 
whole injection period. Unless those rates are actually met, un- 
desirable maximum cylinder pressures, fuel consumption, smoky 
exhaust, and engine wear will have to be accepted. If we have a 
leaky fuel-pump plunger, it will not be possible to get the same 
rates of injection for all pump plungers by starting earlier on the 
cam or on the eccentric, and therefore it is not possible to properly 
balance the injection to all engine cylinders. We must find ways 
and means to eliminate pump-plunger leakage. 

Last year Mr. Alden showed us in this hall a pump-plunger 
gage and bushing that was nominally, I believe, ’/, in. in diameter. 
These plug gages and bushings have been measured by C. E. 
Johannson, néw employed by the Ford Company, with an ac- 
curacy of plus or minus twenty-five millionths of an inch. 

On one sample Mr. Alden showed us there was a positive clear- 
ance of approximately twenty-five millionths of an inch. By 
closing one end of the bushing and holding it vertically with the 
plug in place, you could spin the plunger within the bushing 
with that clearance like a top, both parts being dry. 

On the second sample, the plug was twenty-five millionths of 
an inch larger in diameter than the bushing. This could be 
pushed through the bushing with considerable freedom, having 
what most machinists or tool makers would call a light push 
fit. 

I believe Mr. Alden could tell us something more about the use 
of pump plungers and bushings made of various materials, such 
as stainless steel and tool steel, and also those made of Nitralloy. 

Regarding Mr. Martens’ question about the fall in pressure 
through injection systems, the N.A.C.A. conducted tests on this 
several years ago and found that for a tube 0.128 in. in diameter 
and 44 in. long attached to an injection pump running at 900 
r.p.m., equivalent to 1800 r.p.m. engine speed, and with zero 
pressure on the end of the tube, the pressure was about 2000 Ib. 
per sq. in. in the pump. 

When this tube was cut off in equal lengths, dropping from 44 
to 34, next to 24 in., and so on, it was found the pressure decreased 
along a straight line until the tube was removed, when we still 
had about 500 Ib. pressure in the pump. When the tube di- 
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ameter was changed to '/;¢, 3/32, and '/s, and 5/3, we found the 
pressure varied inversely as the square of the diameter. 

The fall of pressure through injection valves is, of course, de- 
pendent upon the passages through that valve. If you make the 
fuel speed up through a narrow passage, slow down through a 
very much enlarged passage, and turn a few corners, you create 
considerable turbulence. As a matter of fact, the fuel is normally 
passing through the valve in turbulent flow anyway, but you can 
increase the resistance markedly by large changes in area and 
flow direction of the passages through the valve. 

It is not known in general what the pressure drop is through the 
orifice itself. In about 1922 or 1923 some tests were conducted 
at the Langley Field laboratory of the N.A.C.A. on the coefficients 
of discharge through small, round orifices. These tests included 
the effects of injection pressures up to 8000 lb., using various 
liquids and three sizes of orifice. 

When these fuels were injected into air under pressure, it was 
found that the rate of flow through the orifice did not change 
substantially until the air pressure into which the fuel was in- 
jected ‘equaled about 0.3 of the hydraulic pressure; in other 
words, the rate of fuel flow remained about the same. 

When the air pressure, however, was increased beyond that 
critical point, the rate of fuel discharge through the orifice de- 
creased in proportion to the back air pressure existing and followed 
the low of hydraulic flow for pressure differences. 

It might be concluded from this, taking an orifice with 6000 
lb. injection pressure on the pump side, that the pressure in the 
orifice at the exit edge would be one-third of the injection pressure, 
or 2000 Ib. 

In the same way we have the critical-flow constants of 0.58 for 
steam and 0.53 for air. Some experimental verification of this 
critical flow ratio exists in the fact that, having closely examined 
a very large number of oil sprays issuing from round holes, | 
have noticed what appeared to be an enlargement of the fuel jet 
just beyond the orifice. This seemed to indicate that the fuel 
had been instantaneously expended from, say, the 2000 lb. within 
the edge of the orifice to the atmospheric pressure just beyond the 
orifice. This seems to be further confirmed by the fact that this 
phenomena involving instantaneous expansion of the fuel at the 
orifice edge produces some extremely fine fuel particles close to 
the orifice that are much finer than those that aré produced by 
the atomization process in the spray itself. 

I should like to say that this question of fuel drop through in- 
jection systems is a very important one because it has been 
demonstrated many times that, where we measure 6000 or 8000 Ib. 
at the pump, we may have only 1500, 2000, or 3000 Ib. at the 
injection valve. 

Mr. ApEn. I think I can give in just a moment something 
in the nature of a progress report on this materials investigation 
that Mr. Joachim mentioned. His recollections of the dimensions 
quoted last year are very accurate, and I think you will remember 
that the fuel-pump plunger and bushing fitted to a clearance of 
something like thirty millionths of an inch. It was stated at the 
time it would be too close for operation; that is, it would fail by 
sticking if used in service fitted to so small a clearance. 

You will also recall, I believe, that the statement was made 
that the nitrite hardening steels might become a possible con- 
tender for material of which fuel pumps could be made. That in- 
vestigation has gone forward, and we have fitted parts to the 
minimum clearance, something possibly less than thirty millionths 
clearance, which parts have been in operation for the past six 
months, with no failure at all from galling or sticking. Also 
this nitrited material is of a stainless quality, so that even with 
the presence of water in the fuel, there would be no danger from 
corrosion, and so far we have had no report of sticking or corrosion 
in any form. 
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I think our experience has been borne out by the experience of 
Mr. Joachim’s concern, conducted independently. We now be- 
lieve that the nitrite hardening materials have some ideal char- 
acteristics for fuel-pump detail construction. 


K. J. De Jowasz.6 One of my remarks refers to the pressure 
drop during injection, the investigation of which formed an es- 
sential part of our researches in the last year. In these investiga- 
tions a fuel system, which essentially amounts to a common rail 
system, has been used. The experimental equipment provides for 
measuring the pressure drop from the pump to the injection nozzle 
during the injection period. The pressure at the pump is mea- 
sured by a gage, and the pressure fluctuation near the nozzle is 
recorded by means of the electric indicator described in Professor 
Schweitzer’s paper in last year’s meeting. 

Some of the cards show a pressure variation from an initial 
6000 Ib. per sq. in. to a minimum of 3000 Ib. per sq. in. to rise 
again to a final value of 4500 lb. per sq. in. In other words, the 
pressure drop can be quite considerable, depending on the amount 
of discharge, on the volume of the oil pipes, and on other factors. 
The clearing up of these relations is one of the objects of our in- 
vestigation. 

A second remark refers to the suggestion of one of the discus- 
sors who stressed the necessity of speaking in terms of viscosity 
of the oil. I would also emphasize the importance of the elas- 
ticity of oil which influences the amount of discharge, the atomiza- 
tion, and the other properties of the spray. 

In the design of oil pumps the compressibility of oil has to be 
considered. The compression space has to be reduced as much 
as practicable, just the same way as it is done in air compressors. 

A third remark refers to the properties of the oil spray. It is 
desirable to attain low consumption, high speed, and other ob- 
jectives. At the present state of our knowledge, however, it 
cannot be stated in definite terms which properties of the spray 
bring about the desired characteristics of the engine. In general 
terms, however, it can be said that the initial portion of fuel charge 
to be injected should be finely atomized in order to introduce a 
quick combustion. The succeeding middle portion of the charge 
should be less highly atomized so as to have a higher penetration 
and a more even distribution in the combustion space. The last 
portion of the oil has to be again highly atomized so that after- 
dribbling and after-burning be avoided as much as possible. 

In my opinion one of the most important error sources, espe- 
cially concerning high-speed operation, is the use of springs for 
operating parts of the pump (spring-actuated pistons and spring- 
loaded valves). There is evidence that making the drive of the 
pump piston and also the intake and discharge entirely positive 
would eliminate a number of undesirable factors from the injec- 
tion and would bring us nearer to the solution of the high-speed 
problem. 


A. M. Rorurock.’? There are one or two additions which | 
should like to make to the paper. The author stated that the 
motion of the stem of an injection valve could be easily computed 
from the fundamental relationships of force, mass, and accelera- 
tion. This is true to a certain extent. However, if we set up the 
equation for the motion of the stem, we get a differential equa- 
tion of the second order and first degree. The solution of this 
equation gives us an equation of harmonic motion. This would 
mean that the stem alternately opened and closed. 

If we take the friction of the stem in the guide into account, we 
find that the harmonic motion is very quickly destroyed. The re- 
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State College, State College, Pa. 

7 The National Advisory Committee for Aeronautics, Langley 
Field, Va. 


| 
‘ 
= 
i 
5 


OIL AND GAS POWER 


sistance of the oil also aids in bringing the stem to rest. We have 
measured the time rate of stem lift of a hydraulically operated 
valve at the Langley Memorial Aeronautical Laboratory and 
found that it checks the computed motion within about 10 per 
cent. This material will be published by the N.A.C.A. later. 

I also attempted to compute the time rate of opening of No. 
9 valve. In this case, however, there is no friction other than 
the intermolecular friction to destroy the harmonic motion. Due 
to lack of knowledge of the viscosity of oil under the high pres- 
sures used, it was impossible to compute the time lift curves. 

The lift for the steady flow of oil could, however, be computed 
with a fair degree of accuracy. 

Mr. Goldthwaite stated that in compressed air the spray angle 
was greater than in air at atmospheric pressure. This is true for 
valves with no helical grooves. Fora valve with a helical groove. 
the compressed air decreases the spray angle, at the same time 
bursting it into a cloud. 

We have tested No. 9 valve at both atmospheric pressure and 
at 15 atmospheres of pressure. Under atmospheric pressure a 
fine sheet of spray was obtained. Under 15 atmospheres the sheet 
was broken up close to the nozzle, and the whole spray tended to 
assume the shape of a wine goblet. 


L. M. Goutpsmiru.* I[ should like to say a word in rebuttal. 
We are all oil engine men, and I am a sort of two-outfit-capacity 
man, and being an oil man, I cannot say I have ever seen oil rust 
a pump, but I have seen a lot of water do it. 

I want to bring out one point in connection with fuel-engine 
nozzles and injection systems in general based on our experience 
in operating some forty engines, and that is the filtering and 
centrifuging of the fuel oil. I do not believe anything has been 
said on that and yet I think there is a great relation, particularly 
in the high-speed engines today where very small openings are 
used and very high pressure. I think there is not enough at- 
tention being paid to that. 

To give an illustration of our experience, we started out to 
learn as much as possible about the Diesel engine. We realized 
the fact that we knew nothing about it and that the designers 
knew less. But on our earlier engines we had no centrifuging 
system on the fuel. In the first place we did not think we needed 
it because we were supplying our own oil, and while a rat could 
not get through the strainers, a mouse could. Of course, these 
strainers did not need to be cleaned very often. 

We tried all the way up to, I think, 100 mesh. They were 
great, and we felt very happy about the 100-mesh screens until we 
took them out. We found they were always split, because they 
quickly clogged up and the vacuum suction did not help much. 
It was not long before we decided on centrifuging the fuel, and 
now we make no installations were we do not centrifuge the fuel— 
and this is an admission, every bit of oil supplied to our Diesel 
engines is our oil. It is as fine as we know how to refine it, and 
in many cases it is prepared to our specifications. 

Any one who has centrifuged oil and has seen the improved 
operating results and the records of what is removed and what the 
resulting maintenance costs are, knows that the showing for 
cleaning nozzles is remarkable. 


Epcar J. Kares.* There has been considerable discussion on 
the subject of fuel-pump leakage, but it is pertinent to note that 
even when fuel-pump leakage does occur, it frequently has little 
or no effect upon engine performance. In experimental work done 
on a slow-speed solid-injection oil engine having a spring-loaded 
spray nozzle and a fuel-injection pressure of about 2500 lb. at 


* Consulting Engineer, Atlantic Refining Co., Philadelphia, Pa. 
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full load, it was found that the same fuel pump could be used 
quite satisfactorily on oils ranging from light distillates with a 
viscosity of 40 sec. Saybolt at 100 deg. fahr. to heavy crude oils 
with a viscosity of 900. Naturally the fuel pump leaked more 
with the lighter oils and reduced the fuel-injection pressure, but 
this did not seem to affect the engine performance because the 
lighter oil did not require as high a pressure to give a satisfactory 
spray and good combustion. 


L. F. Burger.” In referring to the fuel-oil problem, is it not 
a fact that at the meeting last year it was decided to establish a 
specification for this oil? We are all very much interested in 
that, particularly in the automotive field. It is going to be neces- 
sary for customers to buy this oil at any filling station the same 
as we do gasoline today. We cannot tie ourselves down to any 
specific kind of oil, but we want to be able to buy this oil as you 
would gasoline; otherwise, we will have a little trouble in the 
automotive field, particularly with the high-speed engine fuel. 

Fuel pumps can be operated on kerosene, but it is said that 
they wear out too fast. We could not see any more leakage of 
pump in running on kerosene than in running on ordinary distil- 
late or house oil, or standard Diesel-engine oil. 

I am wondering whether anything has been done on that. 


Witey H. Butter.'' If the gentlemen interested in high-speed 
injection pumps and nozzles and if the men selling them and put- 
ting out engines would talk to their customers on the subject of 
viscosity and educate them to talk viscosity, they would have 
considerably less trouble in the field than they do today. 

The viscosity of an oil, as far as a small high-speed Diesel engine 
is concerned, is the important factor. Surface tension is a prod- 
uct of viscosity, and surface tension controls the atomization 
of fuel in an engine and whether fuel pumps will leak or not. If 
a thin oil with no viscosity is used, it will pull through if the pumps 
are not kept tight. 

Therefore, if you will talk viscosity and educate your buyers as 
to what is required in the way of viscosity, a great deal will be 
accomplished. Gravity is not important. We cannot supply 
30 gravity, or constant, or an oil of definite gravity with definite 
viscosity. As long as you are trying to put out a pump with a 
high-speed engine, you cannot pump kerosene, for your pumps will 
wearout. You will get high leakage and incomplete combustion. 

Talk viscosities and tell the people what they want, and a lot 
of your problems will be eliminated. It is a very important 


proposition. 
AvuTuor’s CLosuRE 


Replying to D. O. Barrett, I have had no experience to cover 
that particular question. As a general rule the leakage from a 
pump becomes most serious when you are starting the engine at 
low speed, because at low speed the plunger is moving so slowly 
and the pressure is building up so slowly that, if the pump is not 
very nearly perfect, you will not start at all. That will depend 
upon the design. I have never seen or heard of any system where 
they used a high primary pressure and put it up in two stages. If 
they did that, they would have to use some elastic means between 
the two pumps. 

Concerning Mr. Martens’ question, I am afraid I am unable to 
give areply. You can realize the difficulty of finding what the 
pressure is at some point in a high-pressure line. You would have 
to tap into an opening or middle of a hole that is perhaps '/s. 
in. in diameter or less, and excepting by studying it by mathe- 
matics and figuring it out to what it ought to be, I would not 
know how to get it. 


10 International Harvester Company, Chicago, IIl. 
11 Standard Oil Company of New Jersey, New York, N. Y. 
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Combustion in High-Speed Oil Engines 


By WILLIAM F. JOACHIM,' RIDLEY PARK, PA. 


The paper discusses some of the more important physical and 
chemical aspects of the combustion problems of the high-speed 
Diesel engine of today from the oil-spray and oil-mixture stand- 
points. Of considerable importance also are other aspects of the 
general combustion problem from the standpoints of detail fuel- 
injection methods, rates of injection, processes of atomization, 
spray-particle mass distribution, and cylinder design and com- 
bustion-air movement. While a near approach to the high thermal 
efficiencies indicated by theory may not be at once completely reached 
in high-speed oil engines, rapid advances in the art of combustion 
control are being made. 


TIS probable that the difficult problems of combustion 

control that confront designers of high-speed oil engines 

today were seldom encountered in the large, slow-speed, 
heavy Diesel engines built a quarter of a century and more ago. 
Although Dr. Diesel formulated the general method by which 
the fuel should enter the engine cylinder, ignite, and burn pro- 
gressively at constant pressure, he was, himself, not so much 
concerned with combustion as with mechanisms that would 
properly handle the fuel from mechanical standpoints, his first 
attempts being made with powdered coal. Failing to meet 
with the success necessary to continue the work with powdered 
coal, Dr. Diesel built an injection system to handle oil. In 
this work he succeeded, the engine being operated regularly in 
the year 1897. 


DEVELOPMENT OF ENGINE TYPES 


The progressive development of Diesel engines, from the stand- 
point of combustion control and improvement, has resulted 
in many different engine designs and methods of controlling 
combustion. Thus, Diesel and oil engines are constructed to 
operate with an air blast for injection of the fuel, with hydraulic- 
pressure injection of the fuel, with integral combustion chambers, 
with precombustion chambers, and with low, moderate, or high 
turbulence of the combustion air. 

All engine types, each comprising some combination of these 
major methods of combustion control, have been further sub- 
divided by their designers as to the shapes of the combustion 
chambers employed, types of mechanisms used for injection, 
and various devices designed for controlling combustion. The 
obvious reason for the many changes in cylinder heads and 
pistons, methods of fuel injection, and the almost multitudinous 
detail design features of fuel pumps and atomizers is, of course, 
the fact that the previous designs were not adaptable for service 
at higher rotative speeds or did not give the combustion per- 
formance of which the Diesel cycle is theoretically capable. 
Further, this situation continues and is accentuated in high-speed 
oil engines, in most instances because of the lack of sufficient 
analyses and understanding of the effects of cylinder design, 
of the hydraulic phenomena involved in the processes of in- 
jection, and of the physical characteristics of fuel oils and oil 
sprays and of their ignition and combustion. 

If the different types of engines are classed as either Diesel 
engines (i.e., air-injection engines) or oil engines (i.e., hydraulic- 


1 Senior Mechanical Engineer of Oil Engines, Westinghouse 
Electric and Manufacturing Company, South Philadelphia, Pa. 

Presented at the Second National Meeting of the A.S.M.E. Oil 
and Gas Power Division, State College, Pa., June 24 to 27, 1929. 

Nore: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 


pressure-injection engines), we find an approximate equal di- 
vision between air and hydraulic injection for the slow-speed 
engines, but for the high-speed engines we find a very definite 
trend toward the hydraulic-pressure-injection principle. 

Diesel Engines. Among the Diesel engines employing non- 
or low-turbulence-type combustion chambers are the M.A.N., 
Krupp, Tosi, McIntosh & Seymour, Worthington, Sulzer, 
Junkers, and the high-speed Maybach engines. Among those 
employing moderate- or high-turbulence-type combustion cham- 
bers are the Nordberg-Carels and the Nelseco Diesel engines. 
As a type, Diesel engines have good combustion characteristics, 
but they are slow-speed engines, except for the Maybach, which 
has operated at speeds around 1300 r.p.m., are heavily con- 
structed, and are generally not well suited for continuous trans- 
portation service at high speed because of their weight and com- 
plication. 

Oil Engines. Those engines employing hydraulic-pressure 
injection, the oil engines, and non- or low-turbulence-type 
combustion chambers are represented by the Vickers-McKechnie, 
M.A.N., Beardmore, Bessemer, Treiber, Dorner, Packard, 
British Air Ministry experimental, American N.A.C.A. experi- 
mental, and Westinghouse engines. In this list one recognizes 
several oil engines that operate at speeds ranging from 700 to 
over 2000 r.p.m. Thus, the Beardmore, British Air Ministry, 
and Westinghouse engines operate with creditable combustion 
performance at speeds of from 700 to 1000 r.p.m., the Packard 
aircraft engine at 1900 r.p.m., and the American N.A.C.A. 
engines at speeds of from 800 to over 2000 r.p.m. 

Those oil engines employing moderate- or high-turbulence- 
type combustion chambers comprise a list of even greater length. 
They are represented by the Ruston-Hornsby, Ingersoll-Rand, 
Falk, Doxford, A. E. G., Junkers, Peugeot-Tartrais, Brother- 
hood-Ricardo, Cummins, American N.A.C.A., and Westing- 
house engines. Of these oil engines, the Junkers and Brother- 
hood-Ricardo, Cummins, N.A.C.A., and Westinghouse engines 
operate with good combustion performance around and over 
800 r.p.m. 

There is only one high-speed Diesel (air-injection) engine, 
the Maybach, while there are ten high-speed oil (hydraulic- 
pressure injection) engines noted in this comparison. Of the 
more successful oil engines, the greater number employ some 
form of moderate- or high-turbulence combustion chambers. 
This tendency toward combustion air turbulence is of course 
the natural result of the efforts of designers to replace the ex- 
cellent fuel- and air-mixing characteristics of the injection-air 
blast in Diesel engines with inlet-valve or piston-controlled air 
turbulence in oil engines. In this connection, the total energy 
in the blast air and injected oil particles in Diesel engines can be 
equaled in oil engines by the use of hydraulic-injection pressures of 
between 17,000 and 20,000 lb. per sq. in., by piston-controlled 
air turbulence, or bya suitable combination of relatively high injec- 
tion pressures and inlet-valve and piston-controlled combustion- 
air turbulence. It may be stated, however, that the increase 
of fuel-spray energies alone in oil engines to or above the combined 
energies of the blast air and injected oil particles in Diesel 
engines does not insure equal performance in oil engines, as will 
be discussed later. 


Works on ComBusTION 


The efficient control of combustion is so important a factor 
in the ultimate success of high-speed oil engines that a great 
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deal of time and money have been spent by educational institu- 
tions, governments, and commercial organizations on its several 
phases. 

Theoretical Work. The published theoretical work on oil 
engines is, however, still far behind that on steam engines and 
turbines. It consists largely of thermodynamic analyses of 
internal-combustion-engine cycles, theoretical and experimental 
investigations of the specific heats of the gases of combustion, 
and fundamental researches on the characteristics of fuel sprays. 
The works of W. J. Walker (1),2 Goodenough and Baker (2), 
Neumann (3), and Ellenwood, Evans, and Chwang (4), on the 
efficiencies of oil-engine cycles are worthy of study by oil-engine 
engineers. These works give approximate efficiencies for engines 
operating under various compression ratios, maximum cylinder 
pressures, and percentages of excess air, and form a background 
by means of which the degree of perfection of the increasingly 
important combustion process in one engine may be evaluated 
for comparison with that in another engine of the same or different 
design. 

These theoretical data are incomplete, however, as regards 
the consideration of many engine and combustion factors that 
affect the calculated efficiencies. Foremost among these factors 
are the specific heats of the several gases of combustion, which 
vary considerably with the large changes in temperature met in 
engine work, but which have been assumed to remain constant 
or have not been fully considered in the theoretical work. Analy- 
ses were accordingly undertaken, in 1926 and 1927, at the Lang- 
ley Memorial Aeronautical Laboratory of the N.A.C.A. (5), of 
complete oil-engine cycles and of the variation of specific 
heats with pressure and temperature, particularly as given by 
Pier (6), Holborn and Henning (7), Bjerrum (8), Goodenough 
and Felbeck (9), and Partington and Schilling (10), and of 
their accurate application to oil-engine-cycle efficiency calcula- 
tions. This work when completed will establish the most 
desirable operating values of maximum cylinder pressures and 
compression ratios for specific engine services and provide 
methods for making more accurate determinations of the degrees 
of perfection of the combustion processes in oil engines. 

The Engineering Experiment Station of the Pennsylvania 
State College has developed apparatus for the measurement 
of many important characteristics of oil sprays and is entering 
on an extensive program of fundamental research. 

The published fundamental work of the N.A.C.A. staff 
(11, 12, 13, 14, 15) on the development of fuel sprays for the 
several major variables of hydraulic-pressure injection, now 
widely circulated, has aided in the design of commercial engines 
and in the analysis of experimental data. The extension of 
the present N.A.C.A. photographic apparatus, undertaken in 
1926 (5), to permit studies of the effects of air temperature and 
turbulence on the penetration, ignition, and combustion of fuel 
sprays, should enable further advances to be made. 

Experimental Work. The published experimental data dealing 
with combustion consist largely, at present, of several papers 
on the ignition temperatures and combustion reactions of fuels, 
and on the effects of various fuel-spray characteristics and engine 
design and operating factors on combustion in slow- and high- 
speed oil engines. 

The most recent authoritative work on ignition is that of 
Tausz and Schulte (16), who have discussed the complicated 
combustion reactions in Diesel engines and published considerable 
data on the temperatures of autoignition of fuels and fuel mix- 
tures as affected by the pressure of the air into which they were 
either dropped or sprayed as in the engine. A paper on the 
combustion of liquid fuels by Otto Alt (17) and a discussion 


? For numbered references in parentheses, see bibliography at end 
of paper. 


of the ignition and combustion phenomena in Diesel engines by 
F. Sass (18) supplement the earlier works of Dixon (1884-1925) 
(19), Bone and Wheeler (1902-1903) (20), Holm (1918) (21), 
Moore (1918-1927) (22), Hofmann and Freyer (1920) (23), 
Wollers and Ehmcke (1921) (24), and Von Wartenburg and 
Sieg (1921-1924) (25, 26). (See also references 27 and 28.) 

Various phases of combustion in slow-speed engines, as af- 
fected by injection-nozzle, fuel-cam, piston, and cylinder design 
have been discussed by Hawkes (29), Basu (30), Nicholson (31), 
and Keller (32). The general subject of oil engines for vehicles, 
with theoretical analyses, engine descriptions, and performance 
data have been published in separate papers by Hausfelder (33) 
and Neumann (3). 

The work of the British Air Ministry on relatively large 
cylinders for high-speed engines has been published in separate 
papers by Pye (34) and Taylor (35), and the researches of the 
American National Advisory Committee for Aeronautics (36) 
on aircraft-type oil engines are published by the U. 8. Govern- 
ment as technical reports following their completion. 

The work of the latter organization consists of extensive 
theoretical analyses of oil-engine cycles, specific heats of the gases 
of combustion, and heat losses from engine cylinders; of funda- 
mental researches on the factors affecting the injection of fuels 
into engine cylinders such as fuel-pump, fuel-pipe, and atomizer 
design, speed of operation, hydraulic pressures employed, and 
pressure-wave phenomena; of fundamental researches on the 
penetration, atomization, and distribution of oil sprays injected 
by various methods into gases under pressure, and of single- 
cylinder and multi-cylinder engine tests. Many of these in- 
vestigations have been summarized and reported, with dis- 
cussions on mean effective pressures, fuel consumptions, explo- 
sion pressures, engine design, fuel sprays, and combustion in 
previous papers by the author (37, 38, and 39). 

The purpose of the present paper, thus far, has been to indicate 
the trend of combustion control as represented by the growth of 
Diesel engines versus oil engines, and to briefly discuss the more 
complete works (for reference) on oil-engine thermodynamics, 
on fundamental investigations of oil sprays, ignition tempera- 
tures, and combustion reactions, and on analyses of combustion 
experiments in slow- and high-speed oil engines. The several 
major factors that affect combustion have been investigated and 
coordinated for discussion in the following paragraphs, together 
with analyses of oil-spray formation, vaporization, ignition, 
and combustion, and certain air-turbulence requirements in 
high-speed oil engines. 


Factors AFFECTING COMBUSTION 


There are five major groups of factors that control combustion 
in oil engines. These are: (1) engine factors; (2) injection- 
pump factors; (3) atomizer or injection-valve factors; (4) 
fuel factors, and (5) oil-spray-distribution factors. Each of 
these five groups consists of many controlling individual factors 
and is closely related in its effects on combustion to the four 
remaining groups. No individual factor in one group may be 
altered in any respect without affecting to a greater or lesser 
degree several, perhaps many, factors in the same and other 
groups. Observation of the performance of various engines 
shows that an improvement in one individual factor often so 
adversely affects certain controlling factors in other groups as to 
result in a net reduction in combustion performance. While 
each major group of factors is of different ultimate importance 
in obtaining good combustion, all groups must be properly 
balanced and correlated for best performance. 


ENGINE Factors 


In the ordinary course of engine design, after the general 
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class of engine service to be developed has been determined, 
consideration is given to the type of engine to be constructed 
and to a mass of engine details. These details have to do with 
engine power; speed; cylinder size, arrangement, and number; 
gas and inertia forces; stresses; materials; lubrication; cooling; 
fuel handling; and with a number of accessories. Not until the 
relatively recent crusade for greater power and economy in 
carburetor engines and a parallel movement including higher 
rotative speeds in oil engines, have much real attention and study 
been given to the detail design of those engine parts that control 
combustion. 

While there are a large number of engine combustion factors 
to be considered in designing for high speed, such as compression 
ratio, exhaust and induction efficiencies which combine to estab- 
lish the volumetric efficiency, combustion-chamber shape, 
turbulence of the combustion air, ratio of total mean cylinder- 
wall area to mean cylinder volume, combustion-chamber hot 
spots, engine-operating temperatures, and location of valves, 
only those having the greatest effects on combustion have been 
plotted for brief discussion. 


Compression Ratio, Votumetric Erricrency, CoMBUSTION 
CHAMBER 


Design. Fig. 1 shows the approximate relative improvements 
in combustion performance to be effected by increasing the 
compression ratio, volumetric efficiency, and combustion effi- 
ciency. Combustion efficiency is used in this paper as relative 
efficiency, or the degree of combustion perfection actually 
obtained expressed in per cent of that theoretically obtainable 
for the conditions of operation. It is included among the engine 
factors because of the important effects of cylinder and piston 
design on combustion-chamber shape, hot spots, heat losses, 
adaptability to the selected oil sprays, combustion-air turbulence, 
and other factors. The data for these improvements were ob- 
tained from many engine tests, published thermodynamic 
theory, and work recently completed at the works of the 
Westinghouse Electric and Manufacturing Company. 

It should be noticed that increases in all three engine factors 
increase the mean indicated pressure, but only the compression 
ratio and the combustion efficiency decrease the fuel consumption 
and relative total heat losses. In this case, increasing the 
volumetric efficiency while maintaining or only slightly increasing 
the maximum cylinder pressures (all other factors remaining 
constant, particularly the air-fuel ratio and combustion effi- 
ciency) increases the amount of constant-pressure combustion. 
A lesser degree of expansion of the additional fuel and air is 
therefore obtained, and this increases the fuel consumption and 
total heat losses. 

A second case not plotted may exist, in which the volumetric 
efficiency is increased but the amount of fuel burned per cycle 
is maintained constant. For this condition the air-fuel ratio 
is increased somewhat faster than the volumetric efficiency. 
If the relative but ever-changing space distribution of the in- 
jected oil particles throughout the combustion chamber can be 
maintained, the combustion efficiency will be increased (i.e., 
mean indicated pressure increased and fuel consumption de- 
creased), because of the greater amount of oxygen immediately 
available for each oil particle, and therefore the probability of 
more complete combustion and decrease of after-vurning in 
the brief time available. 

The improved combustion performance to be realized by 
increasing the compression ratio (Fig. 1), obtained from work 
by Goodenough and Baker (2), is for constant volumetric 
efficiency, constant fuel quantity injected per cycle (excess air 
approximately 110 per cent), and constant relative combustion 
efficiency. The theoretical increase of 28 per cent in mean 
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indicated pressure to be obtained by increasing the compression 
ratio from 10 to 18 is often most difficult to realize in practice. 
The variation of this engine factor alone, in experimental work, 
seriously affects other factors as previously discussed, affecting 
in this case the combustion-chamber shape, average combustion- 
air densities and temperatures, location and movement of 
the combustion-air fhasses, and several other controlling factors. 
The expected performance increase will not be obtained, therefore, 
unless the timing and detail processes of injection, including 
certain characteristics of the oil sprays produced, are completely 
recoordinated to the new conditions. 

The improved performance to be realized by increasing the 
combustion efficiency (Fig. 1) is derived from work by Good- 
enough and Baker (2) for constant volumetric efficiency, constant 
theoretical full-load fuel charge, and a compression ratio of 12. 
The relative combustion efficiency for 120 lb. per sq. in. mean 
indicated pressure of approximately 40 per cent, based on the 
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Fie. 1 Errects oF CoMpRESSION Ratio, VOLUMETRIC EFFICIENCY, 
AND COMBUSTION EFFICIENCY ON COMBUSTION PERFORMANCE 


(A, relative mean indicated pressure; B, relative maximum cylinder pres- 
sure; C, relative indicated fuel consumption; D, relative total heat losses.) 


ratio of fuel and air actually burned to that available for com- 
bustion in the cylinder, is taken as the average low-combustion 
performance. In this case the theoretical air in the cylinder, 
based on the air required for the fuel actually burned, is 238 per 
cent and the excess air 1s 138 per cent. 

As the degree of perfection with which all of the processes of 
combustion are carried out is increased, greater percentages of 
fuel and air are completely burned, until, at 100 per cent com- 
bustion efficiency, approximately 172 lb. mean indicated pressure 
will be obtained. For these conditions the fuel consumptions 
and total heat losses decrease in inverse ratios, as shown in Fig. 1. 

The usual case met in practice, involving a consideration of 
combustion-efficiency increase, is that in which the quantity 
of fuel injected in each cycle gives as much power as can be 
practicably obtained with approximately the lowest brake fuel 
consumption. Better methods of combustion control in these 
cases permit proportionally greater fuel quantities to be injected 
per cycle to obtain greater power for the same order of relatively 
low fuel consumption. 

The effects of volumetric and combustion efficiencies on the 
explosion pressure are not necessarily great and have been 
assumed to be controlled, for these comparisons, at a practically 
constant value. Considerable experience indicates, however, 
that it is particularly difficult to operate an oil engine at high 
speed with a low compression ratio and maintain low explosion 
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pressures, largely because of increased ignition lag. The ignition 
lag is much shorter, however, for higher compression ratios 
and aids considerably in obtaining good combustion performance 
with explosion pressures between 700 and 800 lb. per sq. in. 


ENGINE TURBULENCE AND TEMPERATURE 


Fig. 2 shows some of the effects of counter air flow and air 
temperature on fuel sprays for oil engines. These data were 
obtained by making special attachments for the N.A.C.A. 
fuel-spray photography apparatus and taking successive pictures 
of the spray as it developed under each set of conditions, at the 
rate of 2000 to 4000 pictures per second. It may be noted in 
Fig. 2A that, contrary to the usual belief, counter air flow or air 
turbulence did not have an appreciable effect on the penetration 
of the spray, but did increase the spray-cone angle and volume. 
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(A, effects of counter air flow on fuel sprays; B, effects of air temperature 
on penetration; C, relative spray penetrations.) 


Fic. 2 


The effects of high air temperature, 1100 deg. fahr., shown 
in Fig. 2B, on Diesel oil injected into air at atmospheric pressure 
was to produce an apparent decrease in penetration from that 
obtained by injecting into air at 80 deg. fahr. In this case the 
fuel vaporized by the hot air was not photographed, so that 
the plot is reproduced for the visible spray only. A summary 
of these engine effects, air movement, and temperature on fuel 
sprays is given in Fig. 2C. 

Combustion Chambers. Six essentially different types of 
combustion-chamber design are shown in Fig. 3. An examination 
of these combustion chambers shows that there has been as yet 
no standardization of shape, ratio of wall area to volume, arrange- 
ment of valves, or combustion-air turbulence. Thus, the Beard- 
more and Westinghouse combustion chambers (Fig. 3A) are 
practically thin disks having a thinner center than edge due to 
the conical shape of the piston crown. They have a small 
ratio of wall area to volume and create practically no piston- 
controlled turbulence of the combustion air. Several fuel 
sprays are directed radially downward at a small angle from an 
atomizer located centrally in the cylinder head. 

In contrast to this type of combustion chamber, which has 
been in service on rail cars and locomotives over a considerable 
period, is the Brotherhood-Ricardo combustion chamber (Fig. 
3C). This combustion chamber is built in the cylinder head 
and is cylindrical, with a somewhat greater height than di- 
ameter. Its diameter is also less than that of the cylinder, so 
that the piston on reaching top center displaces the air in the 
annulus between the cylinder wall and the combustion chamber 
radially inward to produce piston-controlled air turbulence. 
This engine admits the working gases through a single-sleeve 
valve, which causes the incoming air to swirl in the cylinder and 


TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


so adds a second type of air turbulence. The combination of 
these two air movements produces a torus of twisting air in the 
combustion chamber, which rotates at the same time around 
the cylinder axis. Only one oil spray, injected in approximately 
10 deg. of crankshaft rotation near the edge of the combustion 
chamber, is used. 

The Junkers two-cycle-engine combustion chamber (Fig. 3F) 
is similar in design to that of the Beardmore and Westinghouse 
combustion chambers, since both are essentially flat disks in 
shape. The relative motions of the two pistons and the swirling 
air in the Junkers cylinder, however, produce more turbulence 
in the combustion air. The Westinghouse two-cycle-engine 
combustion chamber (Fig. 3F) utilizes the Junkers cylinder 
principle, but operates with dished-crown pistons and thus 
adds piston-controlled air turbulence to the already swirling air. 

The Ruston-Hornsby and N.A.C.A. combustion chambers, 
both similar in design, have provision for vigorous piston- 
controlled air turbulence and one or more fuel jets. By proper 
coordination with a hydraulic-pressure injection system, this 
combustion chamber has given creditable performance in an 
N.A.C.A. single-cylinder aircraft-type engine at speeds up to 
2000 r.p.m. 

Between the foregoing diverse types are a large number of 
similar high-performance combustion chambers of the flat- 
cylinder head-dished piston-crown type, such as shown in Figs. 
3D and E. Among the engines employing this general type 
of combustion chamber are several slow-speed engines, and the 
well-known M.A.N. and Dorner truck engines, the Packard 
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Fic. 3 Comsustion CHAMBERS EmpLoyineG Hypravuuic INJECTION 
AND Various DeGREES OF TURBULENCE 

(A, Beardmore, Westinghouse; B, N.A.C.A., Ruston-Hornsby; C, Brother- 

hood-Ricardo; D, M.A.N., Dorner, Packard; E, Treiber, A. E. G. [Hessel- 

man], Westinghouse, N.A.C.A.; F, Junkers; G, Doxford, Westinghouse.) 


and N.A.C.A. aircraft engines, and the Westinghouse rail-car 
and locomotive engines. 

The design of a high-speed-oil-engine combustion chamber 
requires considerable persistent analysis in order to insure the 
proper coordination of its shape with the distribution and relative 
movements of fuel sprays and combustion air. In order to 
secure maximum combustion performance at high speeds, the 
compression ratio should be sufficiently high to insure prompt 
ignition of the injected fuel without danger from high explosion 
pressures. The ratio of mean cylinder-wall area to mean cylin- 
der volume should be a minimum. The arrangement of valves 
or ports should induce a specific type of induction-air turbulence, 
the piston should cause considerable additional air turbulence 
at top center, and the whole mass of combustion air should be 
capable of being reached directly by the penetration of the fuel 


sprays. 
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Injection-Pump Factors. Fig. 4 shows schematic drawings 
of four fuel pumps used on high-speed oil engines. Each pump 
employs a different principle for fuel injection. 

Fig. 4A shows the Westinghouse eccentric-driven plunger, 
rail-car-engine fuel pump. The timing of injection on this pump 
is controlled by advancing or retarding the pump shaft in relation 
to the engine by means of a governor-controlled splined coupling. 
The amount of fuel injected per cycle is controlled by rotating 
the pump plunger by means of a crosshead, which is rotated in 
turn by a manually operated or governor-controlled rod engaging 
spur gear teeth on the crosshead. The rotation of the plunger 
bypasses the fuel earlier or later in accordance with the position 
of the spiral bypass cut below the plunger head. The pump 
injection cycle takes place when the plunger is moving at its 
highest velocity. 

Fig. 4B shows the arrangement of the Cummins cam-driven, 
pump-injection valve unit. Injection timing is controlled by 
advancing or retarding the camshaft, while the amount of fuel 
to be injected is controlled by a metering needle in the atomizer. 
This cam-controlled injection unit is unique, as it provides for 
admission of the fuel to the atomizer during the engine suction 
stroke and its aeration and partial preheating during the com- 
pression stroke. Accelerated injection of the fuel and air takes 
place under relatively low pressure through several small orifices. 

A second type of cam pump, as used on the Dorner engine, 
is shown in Fig. 4C. Injection timing may be controlled by 
rotation of an eccentric shaft carrying the cam lever, and the 
amount of fuel injected by varying the stroke of the plunger. 
The pump injection cycle starts when the plunger covers the 
inlet port and ends with the end of the plunger stroke. The 
fuel is injected by hydraulic pressure at an accelerated rate. 
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Fie. 4 Types or Eccentric AND CAM-DrIVEN FuEL Pumps 


(A, Westinghouse eccentric pump; B, Cummins cam pump injection valve 
unit; C, Dorner cam pump; D, Westinghouse cam pump.) 


Fig. 4D shows a new type of Westinghouse cam pump. In- 
jection timing is controlled by advancing or retarding the cam- 
shaft and adjusting the beginning of the plunger stroke. The 
fuel is injected at an accelerated rate and is controlled in quantity 
by the spiral bypass cut below the plunger head. 

The functions of the oil-engine fuel pump are to provide 
correct injection timing and to force the fuel through the atom- 
izer orifices under such hydraulic pressures and at such rates 
from injection start to cut-off as will permit the desired co- 
ordination of the injected oil particles and combustion air. 

As yet, little is generally known about the various hydraulic 
phenomena existing in injection systems. Their effects on 
injection-pipe pressure waves and on hydraulic impact and 
pressure in atomizers alter the designed pump-pressure cycle 
and therefore the resultant rates of fuel injection. The detail 
design of the fuel pump is of considerable importance, therefore, 
in the proper control of these phenomena, because upon the vary- 
ing rate of injection throughout the spraying process depend to a 
large extent the maximum cylinder pressures and combustion 
efficiency obtained in high-speed oil engines. 


OGP-51-11 


AToMIzER Factors 


Fig. 5 shows schematic drawings of four hydraulic-pressure 
atomizers used in high-speed oil engines. As in the case of the 
fuel-pump types of Fig. 4, each atomizer operates on a different 
principle. 

Fig. 5A shows the type of atomizer now in use on Westinghouse 
oil engines. Atomization of the fuel is obtained with this atom- 
izer by the use of several relatively small orifices and moderate 
or relatively high injection pressures. Fuel distribution is 
controlled by use of the correct size, number, and radial and 
angular arrangement of the orifices. The start, cut-off, and 
many characteristics of the injection process are controlled 
in conjunction with the fuel pump by the loading of the atomizer 
spring. This general type of atomizer has few parts, is readily 
adjusted, and is more widely used than any other type for fuel 
injection from the cerfter of the cylinder head. 


Multi-orifice Annular Orifice Slotted Annular Orifice 
Noazie Nozzle Orifice Nozzle 
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Fig. 5 Insection Vatves Usep 1n Hicu-Speep ENGINES 

(A, Westinghouse multi-orifice, fuel-operated, lapped-stem injection valve; 

B, Acro-Bosch annular-orifice, fuel-operated injection valve; C, Junkers 

slotted-orifice [fishtail jet] fuel-operated, lapped-stem injection valve; 
D, Dorner annular-orifice, fuel-operated injection valve.) 

Fig. 5B shows the Acro-Bosch atomizer. Fuel atomization 
and distribution are controlled simultaneously in this type of 
atomizer by the diameter and width of the annular orifice and 
the injection pressure employed. A well-atomized oil spray 
is produced by this design. 

A third general type of atomizer, the Junkers slotted-orifice 
atomizer, is shown in Fig. 5C. Atomization and distribution 
are both controlled, as in the previous annular-orifice atomizer, 
by the shape and size of the slot and the injection pressures 
employed. The fuel jet is usually ‘‘fishtail’’ in shape and 
thickness, but may be varied in all its atomization and fuel- 
distribution characteristics by the injection pressures employed 
and the design of the slot and adjacent atomizer fuel passages. 
Injection start and cut-off are controlled by the fuel pump. 

A fourth general type, the variable-area, annular-orifice 
atomizer, used by Dorner and Packard, is shown in Fig. 5D. 
Atomization and distribution of the fuel are controlled by the 
diameter and angle of the seats, the manner and force with 
which the stem is held to its seat, and by the fuel delivery of the 
pump. The quality of atomization and distribution of the fuel 
throughout the injection process varies more with this type of 
atomizer than with other types, as controlled by the outwardly 
opening stem and the resultant varying orifice area. The fuel 
is thus highly atomized at the start and end of injection, and 
is coarser in between in accordance with the existing orifice area 
and the fuel pressure and delivery rate. Spray penetration 
and distribution vary in a similar manner, their control being 
effected by the forces operating and the detail design of the seats. 

The functions of the high-speed-oil-engine atomizer are to 
thoroughly and efficiently atomize the fuel and project it, in 
conjunction with the action of the fuel pump, into all parts of 
the combustion chamber. The combustion obtained in high- 
speed oil engines is particularly dependent upon correctly 
timed and thorough distribution of the atomized oil particles 
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throughout the combustion chamber. This distribution must 
be progressive and so regulated as to produce an intimate (car- 
bureted) mixture of the fuel and combustion air at such rates, 
taking into consideration the several successive oil-particle 
heating, vaporization, ignition, and combustion time lags, as 
will insure the required combustion rates and therefore the 
maximum cylinder pressure and indicator card desired. 


Fue. Factors 


The carefully designed oil engine is relatively insensible to 
the kind of fuel used in it as compared with the exacting fuel 
requirements of the present-day carburetor engine. High-speed 
oil engines operating with high compression ratios and well- 
balanced combustion may burn various types and grades of 
liquid fuels with varying efficiencies, while the carburetor 
engine is ordinarily restricted to the use of one relatively highly 
refined fuel—namely, gasoline. There are, however, a number 
of fuel-oil characteristics that must be taken into consideration 
when designing for high combustion efficiency. These consist 
chiefly of their spraying characteristics, vapor pressures, ignition 
temperatures, ignition time lags, and combustion reactions. 

Specific-Gravity Effects on Sprays. Fig. 6 shows the results 
obtained on spray penetration, spray-cone angle, and spray 
distribution when different fuels are injected into air at 80 deg. 
fahr. and 200 Ib. per sq. in. pressure. The data (15) were ob- 
tained with the N.A.C.A. spray-photography equipment em- 
ploying a 0.022-in. orifice and 8000 Ib. per sq. in. injection 
pressure. It may be noted that gasoline, kerosene, light Diesel 
oil, and a heavy fuel oil were all tested under the same conditions, 
the data being plotted against the specific gravities of the fuels. 
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Considerable variations in all three spray characteristics 
were obtained for the complete range of specific gravities, i.e., 
0.70 to 0.90. For high-speed oil engines, however, this range 
may be restricted to specific gravities from 0.85 to 0.90, when 
it is found that the penetration increase was 6 per cent, the spray- 
cone angle decrease was over 10 per cent, and the spray-distri- 
bution decrease was only about 2 per cent. Thus, while the 
total spray distribution in a particular combustion chamber 
would be decreased approximately only 2 per cent by a change 
from the light fuel oil to the heavier one, the penetration and 
cone angle would be sufficiently altered to appreciably affect 
the manner of fuel and air mixing, the efficiency of the fit of 
such sprays to the combustion chamber, and therefore the com: 
bustion. 
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Vapor Pressures. The vapor pressures of fuels exert pro- 
nounced effects on the rate of vapor formation from fuel sprays 
in oil engines. Other physical factors, particularly the co- 
efficient of thermal conductivity, specific heats, surface tensions, 
and latent heats of vaporization influence the atomization, heat 
transfer, and vaporization of the fuel during the spraying process, 
but the magnitudes of the vapor pressures are determined by the 
kinetic energies of the fuel molecules. When the combustion- 
air temperatures are high, these energies are considerably in- 
creased, exceed the temperature-lowered forces of cohesion 


600 T Paraffin Oi! 
T 
A Benzo/--~ 
500 
Light | } 4° 
Ght Natura/l- 
‘ar Oil / ] 
ad 
Aero-Engine 
200 / / _}Lubricating Oil 
+ L Fue! Oil 
0 
0 200 400 600 6800 


Temperature, Deg. Fahr. 


Gas \ Ort Benzene 

_ 

100 

a 0 200 400 600 800 1000 1200 


Ignition Temperature, Deg. Fahr. 


Fic. 7 Vapor PRESSURES AND IGNITION TEMPERATURES OF FUELS 
(A, vapor pressures of fuels, N.A.C.A. and Wollers and Ehmcke; B, 
ignition temperatures of fuels, Tausz and Schulte.) 
and surface tension, and cause the molecules to break through 
the surface of the oil particle to produce fuel vapor. Other 
factors being equal, the vapor pressure of a fuel is a measure, 
therefore, of molecular activity and rate of oil-particle vaporiza- 
tion in the engine cylinder. These factors influence the rates of 
possible fuel-and-air mixture formation, and therefore the de- 

pendent rate of combustion in oil engines. 

Certain possible physical and chemical limitations of fuels 
which might limit the maximum rates of vaporization and 
combustion in high-speed oil engines have been suggested, but 
there are no evidences at hand to indicate that such limitations 
exist. The theory of kinetic energy and many tests in which 
these reactions have been as rapid as might be desired, clearly 
indicate that the rates of vaporization for a liquid fuel depend 
almost entirely on its vapor-pressure characteristics and on the 
rate of heat transfer to the oil particle, while the rates of com- 
bustion depend on the existing absolute temperatures and the 
rate with which the vaporized fuel molecules are mixed with the 
oxygen required for their combustion. These factors are physical 
conditions that are capable of being controlled by proper design 
to secure the vaporization and combustion rates required for 
successful high-speed-oil-engine operation. 

Fig. 7A shows the vapor pressures of several fuels obtained 
from tests conducted at the N.A.C.A. (38) and in Germany 
by Wollers and Ehmcke (24). It may be noticed that consider- 


able differences exist in the vapor pressures of oil-engine fuels 
and that they do not increase rapidly until temperatures between 
700 and 800 deg. fahr. have been reached. For temperatures 
above 800 deg. fahr., the vapor pressures of all fuels increase 
very rapidly so that vaporization in this range, though influenced 
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by the effects of other previously mentioned factors, may be 
expected to proceed vigorously. These temperatures are indica- 
tive of the minimum air temperatures to be tolerated at the 
start of injection, and therefore of the compression ratios to be 
used in high-speed oil engines. 

Ignition Temperatures. Fig 7B gives the lowest temperatures 
of auto-ignition of various fuels for a considerable range of air 
pressures as determined by Tausz and Schulte (16) in their tests 
on fuels sprayed in heated compressed air. These data are useful 
in determining the lowest temperatures and their corresponding 
air pressures, and thus the minimum compression ratios, at 
which ignition may be obtained in low-speed oil engines. For 
high-speed oil engines they have a somewhat different and more 
valuable application, since much higher pressures and tempera- 
tures are already required to force sufficient vaporization and heat- 
ing of the fuel vapors to permit ignition in the brief time available. 

Ignition Lag. The available ignition-lag data for oil-engine 
fuels are given for various air pressures, temperatures, and 
turbulences in Figs. 8A, 8B, and 8C, and in papers by K. J. E. 
Hesselman (40) and Tausz and Schulte (16). These data are 
relatively meager and inapplicable, however, for use in high- 
speed engines because the determinations involve instrument 
errors affecting their high-speed application and because they 
were made in slow-speed engines or in pressure chambers which 
did not sufficiently simulate the conditions existing in engines 
operating at high speed. 

The order of the ignition lag in high-speed oil engines is from 
0.002 sec. to 0.001 sec. at the start of injection. After combustion 
has started, assuming that it is actively initiated during in- 
jection, the ignition lag is decreased due to the much higher 
temperatures and local volumes of high-density air existing in 
the cylinder. This decrease in ignition-lag time, during the 
course of injection and the closely following combustion, is 
considerably influenced by the physical constants of the fuel 
itself, the rate of atomization and distribution of the fuel spray, 
and whether or not the oil particles are projected through 
actual flame or only through adiabatically, combustion-com- 
pressed, high-temperature air. Analyses of the atomization 
process at the atomizer nozzle, the growth and development 
of fuel sprays, and the relative combustion-air densities and 
temperatures existing during injection indicate that the ignition 
lag near the end of injection may vary from 0.001 sec. to a mini- 
mum of about 0.0005 sec. for the various design-controlled 
possibilities mentioned. 

Combustion Reactions. The combustion reactions of oil- 
engine fuels are complicated. The usual commercial fuels 
themselves may be of asphaltic or paraffin base and consist of 
a variety of types and grades of aliphatic or aromatic hydro- 
carbon compounds. Each fuel is not in itself a pure liquid, 
but consists of a combination of different fuels whose molecules 
are of different sizes and contain different numbers and arrange- 
ments of carbon and hydrogen atoms. The different types 
of molecules have widely varying degrees of stability and break 
up into two or more molecules upon the application of heat with 
difficulty or with ease, depending chiefly on the molecular struc- 
ture. Thus, the fuel injected into an engine cylinder first 
undergoes atomization as controlled by mechanical design, 
fuel characteristics, thermal factors, hydraulic factors, and 
aerodynamic factors; second, the relatively cool, atomized 
oil particles are progressively vaporized by the high-temperature 
air in the cylinder or by actual flame; third, several different 
kinds of molecules with varying characteristics are thus formed; 
fourth, these various molecules on being heated break up into 
still other molecules; and fifth, these new molecules immediately 
undergo combustion reactions which in themselves are compli- 
cated. 
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It has been ascertained by chemical authorities that the 
complex molecules of oil fuels break up on being heated to form, 
principally, ethylene (C,H,), methane (CH,), and some acetylene 
(C:H,), though small amounts of ethane and formaldehyde 
are also produced in the range of temperatures between 650 
and 750 deg. fahr. The combustion reactions of carbon mon- 
oxide (CO), according to Von Wartenberg and Sieg (25), methane 
(CH,) and ethylene (C,H,), according to Bone and Wheeler 
(20), and acetylene are given below for reference. 


Combustion of Carbon Mcnoxide (CO) 
(1) CO + H:O = HCOOH (formic acid) 
(2) HCOOH = CO: + He . 
(3) He + = (hydrogen peroxide) 
(4) HeO: = +0 

Combustion of Methane 

(1) CH, + H:O = CH20 (formaldehyde) + 2H: 
(2) + O2 = CO: + H:0 
(3) + O2: = CO + 2H20 (carbon monoxide) 
(4) CO + H:O = HCOOH (formic acid) 
(5) HCOOH = CO: + Hz: (hydrogen) 
(6) He + = (hydrogen peroxide) 
(7) H:O: = H:0+0 


It may be noted that carbon dioxide (CO.) was obtained 
in the first reaction (1) and (2), while water (H,O) was only 
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(A, ignition lag of shale oil in air at 205 Ib. per sq. in., Hawkes; B, effect 
of air temperature and turbulence on ignition lag; C, effect of air pressure 
and temperature on ignition lag, Bird.) 


obtained after four more reactions had taken place (3), (4), 
(5), (6), and (7), thus involving five intermediate products. 
The combustion reactions of ethylene and acetylene are similar. 


Combustion of Ethylene (C2H,) 

(1) CoH, + O2: = 2CO + 2H: (hydrogen) 

(2) He + Oc = H2O: (hydrogen peroxide) 

(3) = H20+0 

(4) CO + H:O = HCOOH (formic acid) 

(5) HCOOH = CO- + He (hydrogen) 

(6) He Os = (hydrogen peroxide) 

(7) H:O: = +0 


Combustion of Acetylene (C2H2) 

(1) CsH: + O2: = 2CO + He (hydrogen) 

(2) He + O2 = H2O: (hydrogen peroxide) 

(3) HrOe = H:0 +0 

(4) CO + H:O = HCOOH (formic acid) 

(5) HCOOH = CO: + He (hydrogen) 

(6) He + O2 = H2O: (hydrogen peroxide) 

(7) = 

These combustion reactions in oil engines, according to various 

authorities and experiment, occur at such velocities when the 
fuel-air mixture density is chemically proportioned as to place 
no chemical-reaction limitations on present engine speeds. 
Common examples of similar combustion reactions, which are 


in fact the same as those in oil engines except in the first stages, 
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are those taking place in automobile, aircraft, and racing-car 
engines operating at speeds ranging from 2000 to 8000 r.p.m. 
These reactions are, however, greatly influenced by many 
physical conditions, the fuel and air-space distribution require- 
ments of which may easily consume more time in improperly 
designed oil engines than is available for efficient high-speed 
operation. The major physical conditions controlling the rates 
of these combustion reactions are the absolute temperatures 
and pressures of the combustion air, the relative concentrations 
of fuel and air, and the speed with which these concentrations 
are produced as controlled by the combustion chamber and 
injection-system designs. 


O1-Spray DistrRIBuTION Factors 


The exact distribution of fuel throughout all parts of oil sprays 
is not known. In fact, oil sprays are produced by so many 
different design methods and hydraulic pressures in actual 
practice that their cross-sectional oil-particle distributions are 
probably so non-uniform and varied as to make a complete 
study of this subject a considerable undertaking. Some knowl- 
edge of the distribution of oil particles in fuel sprays is necessary, 
in spite of this lack of experimental information, in order to 
progressively improve the combustion processes in high-speed 
oil engines and so insure their continued success. This knowl- 
edge is thus far supplied by analyses of the effects of the design 
of atomizer parts, hydraulic pressures, and the action of hot 
compressed air on fuel jets, and by analyses of photographic 
fuel-spray data. In order to simplify the following vaporiza- 
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Fic. 9 Spray ForMATION, FuEL-PArTICLE SpacinG, AND HEATING 
Processes IN ENGINES 
(A, fuel spray from a round orifice; B, spacing of fuel droplets in region X 
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tion, ignition, and combustion considerations, a simple form of 
fuel spray has been chosen for discussion. 

Fig. 9A shows the general shape and fuel distribution of an oil 
spray produced by hydraulic-pressure injection through a round 
orifice. It may be noted that a practically solid core of liquid 
fuel persists for a considerable distance through the spray. 
The density of the fuel-air mixture outside the core decreases 
in all directions from closely packed, coarsely atomized oil 
particles at the liquid core to relatively widely spaced, finely 
atomized oil particles at the surface of the spray. 

The oil-spray core is fed by the oil rushing from the orifice, 
is “ultra rich,” and, there being no oxygen available, cannot 
support combustion. The combustion air just beyond the 
oil-spray surface, on the other hand, is “ultra lean,” and, there 
being no fuel available, it cannot support combustion. Be- 
tween the surface and the core of the spray is a region of such 


mixture-density proportions as to be capable of initiating and 
supporting combustion. This region, called the chemical 
combining region or zone of combustion, is probably nearer the 
spray surface than the core. : 

Fig. 9B shows an enlarged section of the region X in the 
chemical combining envelope of the spray of Fig. 9A. Only 
two oil particles, surrounded by the air required for their com- 
bustion, are shown. The relative proportions of fuel and air 
are about 1 to 15 by weight and 1 to 850 by volume. They are 
based on mixture conditions at top center at any point in the 
chemical combining region for an engine operating with a com- 
pression ratio of 14. The relative spacing between oil particles 
in this region is at first surprising when one recalls the appearance 
of oil sprays and endeavors to coordinate the visual impressions 
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(A, vaporizing fuel particle; B, mixture density at X; C, fuel and gas 
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with the fact that each side of the cube of air shown is about 
10 times the diameter of the fuel particle. We have the physical 
condition, therefore, of an oil particle, surrounded by a relatively 
large volume of hot air, traveling at rates from 300 down to 
40 miles per hour, depending on injection conditions and its 
position in the spray. 

Fig. 9C shows one of the oil particles of Fig. 9B further en- 
larged, as surrounded by nitrogen and oxygen molecules. It 
has not been possible to give even an approximately true picture 
of the relative fuel-air conditions in this illustration as was 
possible in the volumetric proportions of Fig. 9B. 

If it be assumed that the oil particle’s diameter is 0.0004 in., 
then its weight will be 0.103 x 10-” lb. (approximately one- 
tenth of a quadrillionth of one pound), This fuel requires 
about 15 times its weight of air for complete combustion, which 
is about 1.5 X 10~* lb. of air (1.5 quadrillionths pound). Since 
there are 9.4 X 10*4 (9.4 septillion) gas molecules in a pound of 
air, this fuel particle will be surrounded by 14.47 X 10° (14.47 
billion) nitrogen and oxygen molecules (41). Each gas molecule 
is also approximately 12 xX 10~° (twelve-billionths) inch in 
diameter, or only about three one-hundred thousandths as 
large as the fuel particle. 

These fifteen billion nitrogen and oxygen molecules are within 
a radius of 0.002 in. of the (0.0004-in.) oil particle under con- 
sideration. Due to the high velocity of the oil particle through 
the cylinder and to the high molecular activity of these gas 
molecules, millions of gas-molecule impacts on the oil particle 
take place, as indicated in Fig. 9D. These molecular impacts 
decrease the velocity of the oil particle and result in increases in 
its temperature, due chiefly to the loss of total energy by the gas 
molecules, 

These temperature rises, which are probably largely localized 
at the surface of the oil particle, increase the molecular activities 
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of the oil, as discussed under “Vapor Pressures,’ and produce 
fuel vapors that trail behind the oil particle comet fashion, 
somewhat as shown in Fig. 10A. It is obvious that, considering 
only this one oil particle, the same relatively ‘“ultra-rich” chemi- 
cal-combining and “ultra-lean’”’ regions exist in and around the 
oil-particle comet as were indicated for the whole oil spray at 
Fig. 9A. 

Fig. 10B is a very much enlarged section of region X in Fig. 
10A, indicating the relative molecular distribution at the chemical- 
combining envelope of the oil-particle comet. 

Fig. 10C shows one of the fuel molecules from region Y of Fig. 
10B as surrounded by the approximate number of nitrogen and 
oxygen molecules required for its combustion. Assuming an 
aliphatic hydrocarbon of the saturated C, + Ha», +2 series, 
having the composition C\oH», we have for chemical combination: 


2 CiH2 + 31 O, ™ 20 CoO, + 22 H,O 


The proportion of gas molecules surrounding the single fuel 
molecule is therefore approximately 16 oxygen molecules and 52 
nitrogen molecules. 

Recalling that these heavy aliphatic molecules are ordinarily 
split up during heating into smaller molecules, particularly into 
methane and ethylene, as discussed under ‘“‘Chemical Reactions,” 
we may consider the probable processes of actual combustion. 

Assuming an ethylene molecule to be formed, among others, 
as above, we have for the ethylene molecule C:H,, or two carbon 
and four hydrogen atoms. The atom is now generally con- 
sidered to be the smallest non-divisible unit of matter, the various 
combinations of which make up the universe. According to 
electronic theory and practical confirmation by experiment, 
however, each atom is made up of electrical charges and has 
its own system of protons and electrons. These atomic sys- 
tems of protons and electrons bear relations to each other much 
as does our solar system to other solar systems. Within these 
atomic systems the electrons bear relations to the proton much 
as the planets of our solar system bear to our sun. Theory 
thus indicates an intricate system of molecular structure within 
the tiny oil particle, a definite atomic structure and arrange- 
ment within each molecule, and a system of electrons revolving 
in orbits around their protons within each atom. 

Fig. 10D indicates a fuel atom, at the center of the figure, 
with only one of its protons and systems of electrons, pictured 
for simplicity, as might be surrounded by oxygen atoms also 
consisting of protons and their systems of electrons. Under 
the intense temperature and pressure conditions existing in the 
engine cylinder, the normal electronic activities are ptobably 
enormously increased so that such heat is generated at electronic 
impact, and such interlacing of fuel and air electronic orbits 
takes place that the final conditions are set up for permanent 
union. Whether this final, permanent union takes place through 
a series of steps as indicated by chemistry, and whether it may 
be called a chemical union, a physical union, or merely an 
electrical union, makes little difference in the efficiency of the 
combustion process, which, as may now be understood, is not 
restricted by combustion reaction speeds, but depends chiefly 
on all of the physical space-time distributions of the fuel and air 
from the beginning of injection to the completion of combustion. 

With this analysis of the final processes of combustion as a 
basis, we may now return to a further consideration of com- 
bustion in the oil-particle comet, in the fuel spray, and in the 
whole engine cylinder. Fig. 11A shows the oil-particle comet 
with approximate temperatures indicated for the oil particle 
and various portions of its vapor-air tail. The temperature for 
the center of the oil particle is indicated as 150 to 200 deg. fahr., 
since the fuel temperature at injection is ordinarily about equal 
to that of the cylinder cooling water and practically no heat 
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penetrates by conduction below the oil-particle surface in the 
extremely brief time of exposure. The rapid, progressive 
vaporization of the oil-particle surface and the almost instan- 
taneous removal of the vapor may also explain a low temperature 
in the oil particle. Obviously, the temperatures of the oil 
molecules as they are vaporized range between the flash and 
boiling points of the fuel. Due to the effects of the relative high 
velocity of the dense hot air in aiding further physical atomiza- 
tion, these temperatures may remain at relatively low values. 

From the point of vaporization, the fuel molecules increase 
rapidly in temperatures, split up into two or more different 
molecules, and quickly pass through the several stages of chemical 
transformation (i.e., ignite), with the evolution of heat in the 
chemical-combining region or zone of combustion of the comet 
tail. Little combustion probably takes place during this igni- 
tion period in the “ultra-lean’”’ and “ultra-rich’”’ regions of the 
oil-particle comet. In these regions the unfavorable heat- 
transfer conditions slow up incipient combustion by dissipating 
the heats of the first chemical transformations by direct con- 
duction and by radiation to the immediately adjacent excess air 
or fuel. 

Since there may be two zones of combustion in the tail of the 
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oil particle comet, as shown for this analysis in Fig. 11A, one each 
at the inner and outer chemical-combining regions, there will 
therefore be a central fuel-rich region completely surrounded 
by flame. While the amount of fuel in this overrich region is 
small, the flame walls may be only a few one-hundred-thou- 
sandths of an inch apart, so that considerable fuel-molecule 
cracking or dissociation, rather than combustion, may occur. 
This fuel cracking may result in the formation of undesirable 
hydrocarbons which are difficult to burn and so result in lowered 
combustion efficiency and smoky exhaust. In this connection 
it seems evident that an important and special kind of com- 
bustion-air turbulence is required in order to promptly mix 
these fuel-rich regions with the air required for their complete 
combustion. This may be called “‘oil-particle comet air turbu- 
lence.” 

Returning now to the oil spray itself (Fig. 11B), which ordi- 
narily contains enough oil for the case of high-speed-engine 
cylinders to produce from three hundred billion to three thousand 
billion oil particles, it should be recalled that there are many 
millions of these oil particles being formed by progressive atomiza- 
tion. In the chemical-combining region of the spray, probably 
not far within the spray boundary, there are many other millions 
of oil particles undergoing vaporization at various rates. Many 
of these vaporizing oil particles are supporting combustion 
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in their comet-like tails which, for oil particles 0.0004 in. in 
diameter, may be not longer than ten to twelve times the par- 
ticle diameter, or 0.004 to 0.005 in. Recalling that the distance 
between oil particles of this size in the chemical-combining 
region, as discussed under Fig. 9B, is approximately 0.004 in., 
it appears that combustion should proceed without difficulty 
except for unequal fuel distribution in the comets’ tails, as 
previously discussed, and the interference caused by the products 
of combustion of the preceding oil particles. This last. factor 
and the greatly unbalanced oil-particle distribution throughout 
the whole oil spray considerably increase the difficulties of 
obtaining efficient combustion and require considerable well- 
planned, additional combustion-air turbulence. This may be 
called “oil spray-air turbulence.” 

This lack of proper fuel and air distribution is probably 
greatest in the fit to the combustion chamber of the one or more 
oil sprays ordinarily employed in most engines. Analyses of 
the important space-time, fuel-air distributions, based on many 
oil-spray characteristics and cylinder air movements, have been 
made, so that efficient spray-and-air mixing characteristics may 
be obtained in such cylinders as shown in Fig. 11C. This 
turbulence requirement, ordinarily the only one considered 
in most designs, may be called ‘combustion-chamber oil-spray 
air turbulence.” 

Some of the more important physical and chemical aspects 
of the combustion problems of the high-speed engine have been 
briefly discussed from the oil-spray and oil-particle mixture 
standpoints in this paper. Other aspects of the general com- 
bustion problem from the standpoints of detail fuel-injection 
methods, rates of injection, processes of atomization, spray- 
particle mass distribution, and cylinder design and combustion- 
air movement are also of considerable importance. 

In conclusion, it may be stated that, while a near approach 
to the high thermal efficiencies indicated by theory may not be 
completely reached at once in high-speed oil engines, rapid 
advances in the art of combustion control are being made, and a 
successful future for these engines is certain. 
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Discussion 


R. L. Sacxetr.* The paper is of very great value because it 
brings out so clearly the large number of scientific factors that 
enter into the successful design and the efficient operation of 
this type of engine. 

In this field, as in most others, there has been a very consider- 
able period of trial and error. As a method of perfection, it has 
its weaknesses and its limitations, though a very great number of 
contributions to the progress of society have been made that way, 
but nevertheless when you get to this stage in a problem as com- 
plex as this one is, then a contribution of this kind is valuable if 
it does go on into the speculative field and if it does bring before 
us the picture of the wide variety of factors, some uncontrollable, 
others, as has been remarked, of course affected by operation. 


3 Dean, Pennsylvania State College, State College, Pa. 
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Jutius Kurrner.‘ I wish to compliment the author on the 
excellent theoretical work which has been done in this paper, 
but I cannot help nursing the feeling that he has built the bridge 
of theory and speculation a little too far beyond the excellent 
experimental data which he has undoubtedly obtained. 

The reason why it seems to me that the theoretical picture of 
combustion which he has so graphically painted for us goes a 
little bit beyond what one can be sure of really knowing is that 
it seems to apply only to marginal droplets near the fringe of the 
spray. I cannot see, in spite of the careful distinction made be- 
tween the rich parts of the mixture and the dense parts of the 
mixture, that this common action applies to the majority of the 
droplets. It probably applies, I will admit, to part of the ad- 
vancing spray, and the impact or relative impact of the station- 
ary oxygen molecules undoubtedly affects them, so that at least 
the application of the author’s speculations seems to be highly 
limited both in space and time, because the entire combustion 
process, as we are able to trace it very crudely with the indicator, 
as Junkers has traced it through a window in the side of the cyl- 
inder, would indicate that there is a substantial part, 50 to 75 per 
cent of the entire combustion, which takes place long after these 
dynamic effects have dissipated themselves. 

If that 300-mile velocity of the straight particles were to con- 
tinue long enough for them to apply to the entire mass, they would 
all be out through the opposite side of the cylinder, figuratively 
speaking, long before the process is over, and it would appear 
more reasonable to speculate that whereas dynamic effects un- 
doubtedly apply to a limited fringe of the spray and for a limited 
part of the time, the major portion of the combustion process 
conforms to the data carefully accumulated by Tausz and Schulte, 
and Wollers and Ehmcke, and Dr. Sass, who have strongly indi- 
cated by means of ignition-point testers and a great variety of 
apparatus of an essentially static type that vaporization is prac- 
tically ruled out as a factor in the fuel-combustion process. 

I think Mr. Joachim has done a good service in pointing out the 
static nature of the experimental data obtained by the authorities 
previously cited, who have worked on the chemistry of Diesel 
combustion apparently without taking into account the dynamic 
factor. I still believe that their data apply because the major 
part of the process takes place with moderate agitation and cer- 
tainly not under conditions where all the particles are treated to 
a 300-mile velocity for the entire time in which they are consumed. 

A general criticism of the paper would appear to be invited in 
so far as theoretical and speculative handles for the data which we 
cannot grasp in any other way are necessary. Until we find the 
full experimental chart for the course of the processes under con- 
sideration we must have these theoretical “fictions,” let us call 
them, but the moment any fiction becomes so involved and so 
speculative and complicated that only a very limited number of 
people are able to follow it, as a result of a great deal of study, it 
is no longer justified. Our fictions, if we are going in for them at 
all, should be closely limited and simple, and should not build 
themselves up into highly speculative and involved structures. 

This is not meant in any derogatory way. I have a great ad- 
miration for the extraordinary scientific work of Mr. Joachim, 
but I cannot follow him when he tries to build the cantilever of 
speculation too far out into the unknown. 


R. F. Gace.’ There are few things that can be added at this 
time to this excellent paper. The author has given us a complete 
picture of the thermodynamic and mechanical actions controlling 
spray formation. However, the technical considerations involved 
should not completely overshadow all the so-called practical 
problems confronting the designing engineer. 


‘ Editor, Oil Engine Power, New York, N. Y. 
5 Climax Engineering Company, Clinton, Iowa. 


Jun. A.S.M.E. 
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The present efforts toward the standardization of oil fuels will 
materially help the situation, but sub-standard fuels will never 
be entirely eliminated from the market, and in spite of all in- 
structions to the contrary, engine users will continue to purchase 
these fuels. Whether to provide adjustments in the injection 
system is always a subject of controversy. Many gasoline-engine 
builders have solved their similar problem by incorporating limited 
adjustments on their carburetors. Is an adjustment feature a 
necessary or desirable part of an injection system? If such ad- 
justments can be eliminated, many of the service difficulties 
encountered by manufacturers will be banished, but other and 
worse difficulties may be substituted. 


A. M. Roturock.* One of the speakers has stated that at a 
velocity of 300 miles per hour the spray would traverse a distance 
in excess of the length of the chamber in the time allowed for the 
spray penetration. A few figures on this are interesting. At an 
engine speed of 1500 r.p.m. the crankshaft speed is 1 deg. in 
0.00011 sec. With an ignition lag of 0.001 sec., that is 10 deg. of 
crank travel. A spray traveling at a velocity of 200 miles an 
hour, or 290 ft. a sec., would traverse 3.5 in. of the spray-com- 
bustion chamber. We have found with the N.A.C.A. spray- 
photography equipment that in 0.003 sec. the spray traveling in 
air at 15 atmospheres will traverse about 4 in. It must be re- 
membered that the speed of 300 miles an hour quoted by the 
author is a maximum speed and that any drops of oil attaining 
that velocity hold it for an extremely short time interval. 

Our apparatus takes pictures at the rate of 4000asecond. We 
can take 25 individual pictures. Since they show us very clearly 
the start and development of the spray, we feel this is fast enough. 
We could run it up to possibly 10,000 pictures a second. We 
have 25 condensers which we discharge through the rotary dis- 
tributor, one after another, and use that as our light source. 


J. BARRAJA-FRAUENFELDER.’ I have had occasion to test an 
engine of Junkers design, not the size described by Mr. Nonnen- 
bruch, but an enlarged edition. The former is of 27/s bore, if I 
am not mistaken, and runs at 1000 r.p.m., while the engine I 
have tested and am still testing is of 130 mm. bore and runs at 
450 r.p.m., but they are exactly the same in design and principle 
of operation. 

What I want to bring forward about this engine is that it 
confirms exactly what the author stated, that we rnust have high 
compression and high combustion pressure to obtain proper com- 
bustion for high speed. The compression of this engine is in the 
neighborhood of 600 Ib. per sq. in., and the combustion pressure 
is in the neighborhood of 900 to 950, while the fuel consumption 
is about 0.4 lb. per b.hp., which is excellent for this class of engine. 


Auan E. L. Cuortton.2 The difficulty that I find with most 
papers is the relation between the values they give arising out of 
experimental work and what happens in actual practice. The 
second consideration is the proper relation between the actual 
work done and the ideas of experimenters. The practical man 
is unable to make use of much of this work; it does not relate 
sufficiently either to the work carried out in the shop or by other 
experimenters. 

In my experience over years with the fast-running oil engine, 
practical considerations govern success much more than theoret- 
ical ones; that is why it seems that a satisfactory engine is one 
that has been in existence, and in service, at any rate for five 
years. It seems to take this length of time to thoroughly weed 
out all the weak features of the design. 

€ N.A.C.A., Langley Field, Va. 

7 Philadelphia, Pa. 


8’ Chief Engineer, Wm. Beardmore & Co., London, England. 
Mem. A.S.M.E. 
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All the research work dealt with in this paper, to be practically 
considered, has to be compressed into the combustion space of 
an engine about !/, in. deep, and the conditions, impact, wall 
temperature, and piston temperature have to be taken into 
account. 

There is, on the one hand, the necessity of keeping the parts 
relatively cool, to secure long life, low weight, and reliable per- 
formance. On the other side, good and complete combustion re- 
quires an adequate temperature, and too great a fall for any 
reason will retard such combustion. 

The merits of turbulence, etc., under these conditions, to im- 
prove the speed of combustion must also be met by an equally 
adequate strengthening up of the design to resist high pressures. 

The relative effect of auxiliary combustion chambers with the 
increased turbulence set up by them, such as were originally in- 
vented by Akroyd Stuart, then Brons, and then through the 
Vorkammer type, with the plain combustion chamber, would be 
interesting if carried out on one engine. 

The tendency to improve the cleanliness of the exhaust seems 
to be a factor in such a comparison. 

In actual practice, again, the form of injection pump plays a 
great part in securing a definite start and cut-off of the injection, 
without dribbling, and the experience indicates that positive 
action pumps, both as to pistons and valves, are better instru- 
ments in this respect. 

The high speed of the engine necessitates working at a constant 
volume cycle, if the best results are to be achieved and speeds 
of 1500 are to be run, and this means provision for high maximum 
pressures. 


BsaRNE THULIN.’ This paper is one of the best the writer has 
heard on the subject. The physical picture that the author 
drew of the combustion process is undoubtedly quite hypothet- 
ical, but was very interesting. It may be openly admitted, how- 
ever, that in the discussion of these phenomena we are in very 
nearly the same state as the gasoline engineer is when he dis- 
cusses detonation—i.e., at a point where theories often have many 
earmarks of a religion. 

Regarding Mr. Joachim’s theory, the writer disagrees with the 
assumption of evaporation as a cornerstone for a description and 
explanation of the ignition and combustion process. That as- 
sumption may be misleading so far as combustion is concerned, 
and it is of rather disputed value as an explanation of the ignition 
process. We all know the mechanical engineer’s inclination for 
evaporative combustion theories, but seldom ask ourselves about 
the reason for this tendency. If we did, maybe we should find 
the psychology to be that the mechanical engineer has seen water 
as well as gasoline boil, and feels quite intelligent about that part 
of it, while the combustion process of fuels is as mysterious a 
subject to him as the combustion of liquids in his own stomach; 
which admittedly does not depend very much upon evaporation. 

It may, for example, strike one immediately that benzene, 
C.He, which has flashpoint at 10 deg. fahr. and boils at 176 deg. 
fahr., is the most difficult fuel to burn in a Diesel engine (1), al- 
though it is free from any tendency to detonate; while some of 
the best Diesel oils begin to distil above 400 deg. fahr. and have 
their mean boiling temperature well above 500 deg. fahr. Many 
similar anomalies gave early rise to the opinion that ignition of 
Diesel oils takes place in the gas-to-liquid interphase, and an 
investigation relating to this problem was completed in Krupp’s 
chemical laboratory in 1920 by Wollers and Ehmcke (2). These 
investigators evaporated various motor fuels in an inert atmos- 
phere under various temperatures and pressures and examined 


* Research Engineer, General Motors Corporation, Detroit, 
Mich. Jun. A.S.M.E. 
10 See references at end of discussion. 


meticulously rates as well as products of evaporation in relation 
to various vapor concentrations. Table 1 gives the comparison 
between the ignition points in oxygen at atmospheric pressure 
as determined for the distilled-off vapors (distillation pressure 
160 lb. per sq. in.) and for the corresponding liquid fuels. 


TABLE 1 


Ignition temperatures, deg. fahr, 
Vapor distillate Liquid fuel 


Aliphatic Diesel ofl.............-++++- 1135-1211 464 
Low-temperature tar oil............... 1137-1204 619 
1175-1221 873 
1058 


It will be seen from this table that vapors from fuels of very 
different character all ignite at practically the same temperature, 
while the ignition temperatures of the corresponding liquid fuels 
are considerably lower and vary in remarkable harmony with 
their suitability as Diesel-engine fuels. Wollers and Ehmcke’s 
observations check with those of other investigators (Dixon, 
Moore, Tausz, and Schulte), but apply only to ignition in oxygen 
at atmospheric pressure. Other researches, however, give suf- 
ficient support to their contention that a difference of similar 
order will exist between the ignition temperature of these fuels 
and their vapors also at higher pressures (3). 

The rather academic question whether ignition starts in the gas 
or liquid phase was of course not positively decided by Wollers 
and Ehmcke’s experiments, although a fairly strong indicium was 
procured against the former opinion. But their tests left another 
and more important impression; that vaporization theories were 
unpractical as explanation of self-ignition and combustion. The 
existence of evaporation, amounting to '/,o of 1 per cent, or less, 
prior to ignition in an oil engine, according to recent researches 
by Hartmann-Seberich and Neumann (4), is beyond doubt; but 
the interpretation of this as a decisive factor in self-ignition has 
lost many supporters. 

The superseding fuel-oil ignition theory stresses activation 
rather than evaporation, and there seems to be fairly good scien- 
tific agreement about the main principles of this process, al- 
though details are discussed-from different points of view. The 
formation of ‘“‘moloxides”’ (i.e., unstable hydrocarbon-peroxides) 
on the surface of the droplets, originally suggested by Ulbright 
and Wirth in 1920 as an explanation of certain low-temperature 
(276 deg. fahr.) oxidation phenomena in paraffin, was rapidly 
adopted by several scientists as a theory for self-ignition in liquid 
hydrocarbons. It is of interest to quote in translation the follow- 
ing passages from Ulbright and Wirth’s paper (5): ‘*The moloxide 
concentration in the normal course of the reaction is small; they 
are constantly generated and immediately split up again, which 
effect may also be insured by special means. However, if for any 
reason they accumulate, their reduction being subsequently re- 
leased, then the reaction proceeds with such violence that even 
open reaction vessels may be transformed from glass into dust.’ 

Tausz and Schulte (6) investigated the peroxide-formation quali- 
tatively for various fuels and extended the application of this 
theory to the ignition process in Diesel engines. On a similar 
basis Tausz (7) explained the extreme lowering of ignition points 
and the knock-inducing properties of organic nitrites added in 
small quantities to the fuel. 

A weighty support of the same opinion came from Callendar’s (8) 
extensive researches on dopes and detonation. In comparative 
experiments with a fine gasoline spray versus a gasoline vapor- 
and-air mixture in a slow-combustion furnace, peroxides in pro- 
fusion were formed on the drops, while very little effect could 
be found in the vaporized mixture. The characteristic intermit- 
tent flashes in the spray at much lower temperatures than would 
ignite the vapors interest us particularly, also the brisant effects 
ascribed to the moloxides. The writer may quote a few typical 
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citations from Callendar’s paper (9), as they have some bearing on 
his later discussion; they are taken from Brodie’s work (in 
1864) on ‘“The Explosibility of the Peroxides of the Radicles of 
Organic Acids: ‘‘When a small drop of the peroxide of acetyl 
is heated in a watch-glass, it is decomposed with an explosive 
violence only to be paralleled with the decomposition of chloride 
of nitrogen.”” And: “On one occasion, in distilling off the ether 
a violent explosion took place with a report as of acannon. The 
explosion, though of excessive violence, was local, and nothing in 
the laboratory in which the explosion took place was injured.” 
The foregoing theory of the fuel-oil ignition mechanism has fur- 
ther support by such authorities as Rideal and Lewis, as will 
appear from the following part of this discussion, where the theory 
of evaporative combustion is subjected to closer examination. 

A weakness of this theory, as presented, is that evaporation 
has been considered as a self-evident intermediate stage in fuel- 
oil combustion rather than an assumption in need of proof. 
Hardly any attempt is made, therefore, to explain or consider 
presumably discernible adverse facts. To this may be remarked 
that theoretical chemistry prescribes for a reaction an interphase 
only, with no specification whatever as to the nature of this inter- 
phase. Hence there is no need for the reagents to be evaporated 
prior to the reaction just because the reaction products are gases. 
Evaporation and vapor-phase reaction may obviously occur 
during combustion in an oil engine, but arbitrarily the writer 
rather would prefer to believe in 40 per cent actual phase reaction, 
and as a reaction of secondary theoretical importance in the com- 
bustion process, than he would consider 100 per cent evaporation 
as a foregone necessity. 

Another objection may be briefly referred to at this point, 
albeit not so essential in the discussion of evaporation. This is 
that the mechanism of spray propagation has been treated as a 
known subject, although it is a phenomenon for which no good 
explanation exists. According to Hesselman (10) a single droplet 
of 0.0004 in. in diameter with an initial velocity of 560 ft. per sec. 
would penetrate only about °/;s in. in air of nine times atmospheric 
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density in 0.02 sec., the drop having by then lost practically 
all its energy. It seems a physical impossibility, therefore, that 
an oil drop in a spray cloud can possess any considerable velocity 
relative to that part of the air in the spray with which it is in 
immediate contact. Neither does Mr. Joachim’s schematic 
Fig. 11A, which postulates macrocosmic mechanics for the par- 
ticles in an aerosol, presumably stand for closer examination; not 
only because the aerodynamic turbulence behind a moving fuel 
sphere might upset any stratified comet tail, but also because 
particles in the tail would immediately be subject to violent 
Brownian movements. 

Returning, however, to the main discussion of evaporative 
fuel-oil combustion, the writer would refer again to Wollers and 
Ehmcke’s researches (loc. cit.). The two illustrations herewith 
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are reproduced from their report. Fig. 12 shows vapor pressures 
of four typical Diesel engine fuels plotted against temperature, 
and Fig. 13 shows vapor pressures attained as function of time 
with these fuels evaporated at the same temperature (806 deg. 
fahr.). From Fig. 12 it will be seen that the customary aliphatic 
Diesel oil has a vapor-pressure characteristic almost identical 
to that of the difficult combustible vertical-retort tar and that 
these curves fall between those from two other likewise relatively 
objectionable fuels. And from Fig. 13, it will be seen that the 
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time-rate of evaporation of good Diesel oil falls between those 
of two so unsuitable fuels as low-temperature tar and ordinary 
coal tar. The latter fact in particular is destructive to faith in 
the evaporation concept. Also the composition and consequently 
the combustibility of the distilled-off gas and vapor mixtures from 
these different fuels showed so great similarity as to offer no relief 
in this situation. As to that point Wollers and Ehmcke conclude: 
“. , . that the fuel evaporation in a Diesel engine (provided 
that such might occur'!) must proceed unconditionally in the di- 
rection controlled by the chemical nature of the fuel and indi- 
cated by our experiments.” 

Another experience hard to reconcile with the evaporation 
concept is the increase in maximum cylinder pressures with engine 
speed. This pressure increase must mean that the combustion 
speeds up at a greater rate than the crankshaft does when the 
revolutions per minute are stepped up. This gives some basis 
for the optimistic conclusion that there is no practical limit to the 
attainable speed in a Diesel engine so long as rapid ignition at 
high speeds is insured; i.e., so long as decrease in compression 
pressures and temperatures at high speed are prevented by means 
of supercharging. Only air turbulence can have changed with 
speed in certain engine types where this condition has been re- 
ported, and it is not immediately understandable why such great 
jumps in evaporation should have been accomplished just on 
that account. 

Experiences like these are hard to reconcile with evaporation 
theory. Whether the basis for any complete combustion theory 
yet exists is doubtful; the writer heartily subscribes to Professor 
Neumann (11) when he urges: “. that only a wise re- 
straint in the statement of the problems can here help us to a 
stepwise solution of the problems themselves and thus enrich 
our knowledge.” But having entered this discussion, the writer 
dislikes to quit with a negative criticism only, and may there- 
fore at least indicate a possibility which has attracted the at- 
tention of many students of combustion who have ceased to be- 
lieve in evaporation as a permanent vade-mecum for all the ills. 
Unnecessary to say, the writer’s authorities, being scientists and 
not mechanical engineers, have not attempted to formulate as 
general conclusions as he would suggest, but they are aware of 
them and work to prove them. 


11 Their emphasis. 
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This theory is based on the assumption of activated moloxides 
acting as primers for combustion of the fuel droplets. It has been 
contended by several investigators that the peroxide formation is 
primarily a surface action (12), and Rideal as well as Tausz and 
Schulte and others postulate critical values for the peroxide 
concentration, depending on temperature, pressure, and induction 
time. Brunner and Rideal (13) in an investigation of the oxidation 
of n-hexane state: ‘During this period of induction the peroxide 
content of the solution gradually rises, and almost abruptly the 
reaction acquires an enormous increase in velocity.” In their 
conclusion it is suggested that the brisant moloxides act as reac- 
tion centers for the molecules with which they are in contact. 
Such a theory might, for example, give a most beautiful and 
simple explanation of the perplexing phenomenon of “glow point” 
in the ignition of coal (14). Tausz and Schulte hold a similar opin- 
ion on fuel-oil combustion, as may be seen from the following 
citation from their discussion of the subject (15): “Moloxides 
and the thus-generated compounds induce the ignition, even 
when they are generated in very small quantities, as their ex- 
plosive reaction gives rise to considerable pressure and temper- 
ature increase (also further atomization)'? and thereby a closer 
contact between fuel molecules and oxygen.” 

The action of the brisant moloxides as fuel primers may be 
pictured as the explosion of a mine near the surface of the water. 
It may split the droplets in much the same way, without chang- 
ing the stage of aggregation perceptibly. This would then better 
explain why a relatively small increase in air turbulence may have 
such a surprising effect on spray combustion. It would also 
more readily explain the possibility of extreme reaction velocities 
in combustion. Furthermore, this theory has so flexible and 
intelligent a basis as to give to the theoretical chemist a much 
greater incentive than hitherto, to consider fuel combustion re- 
search as a serious and practical proposition. This, above all, is 
the most encouraging aspect of the hypothesis. 

The writer would ask how the exact figures for the extremely 
short ignition lags, mentioned in Mr. Joachim’s paper, have been 
arrived at. At present the writer knows of no method which does 
not involve the use of displaced indicator cards with and without 
combustion. This method, however, has not the degree of ac- 
curacy required for determination of so short lags as mentioned. 

In concluding, the writer reiterates that he is not disputing the 
obvious fact of evaporation per se, but greatly doubts its impor- 
tance. The flashpoint at 10 deg. fahr. and boiling point at 176 
deg. fahr. of benzene, together with its profoundly different be- 
havior in a carburetor and Diesel engine, is enough to stall any 
evaporation theory. This may well close with the words of one 
of the greatest practical Diesel combustion experts in England, 
Mr. K. O. Keller (16): ‘‘Very little is yet known of how the oil is 
burned. It has generally been assumed that the globule of oil 
must be converted into a gas prior to the combustion, and hence 
the idea that the finer the globules the better is combustion. 
Practice has not borne this out; in fact, careful observers have 
lately been leaning to the theory that the time is not available, 
first, to convert the globules into a gas, but that by virtue of the 
surrounding high-temperature air the globules of oil form a suc- 
cession of slight explosions. In support of this theory it is in- 
teresting to observe the combustion in an oil-fired boiler, where 
under certain circumstances feathery sparks can be seen at the 
back of the combustion chamber. Whether these sparks are 
symbolical of the explosion of a globule of oil or not, let us hope 
that the scientists will explain in time to come.” To that the 
writer assents. 
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page 3 in the paper read by Mr. Keller on Dec. 7, 1928 (‘‘Combustion and Its 


Difficulties in Oil Engines’’). 
AvuTHor’s CLOSURE 


There are a great many factors entering into the combustion 
of liquid fuels in oil engines. These factors are further made up 
and affected by other factors, which are in turn composed of and 
controlled by still other factors. In an extended analysis the 
complete range of effects of the major variables such as cylinder 
head, piston, fuel pump, and atomizer design on combustion in 
oil engines is determined by an almost infinite number of factors. 
The analysis must necessarily reach far into the fields of many 
sciences: physics, chemistry, thermodynamics, aerodynamics, 
hydraulics, physical chemistry, metallurgy, catalysis, and elec- 
tricity. It must take account of the several proved fundamental 
laws of nature, including such accepted theories as the theory of 
kinetic energy. To be really complete, we must not only co- 
ordinate all of these, but must carry our thought into the field 
of the molecule, the atom, the proton, and the electron. 

The paper was an effort to review the more important works on 
combustion, the major factors controlling combustion, to indicate 
some of the various design forms of each, and to briefly discuss 
the fuel spray and its formation and combustion from chiefly 
physical viewpoints. A great deal of coordinating analyses were 
therefore necessarily omitted in this paper. 

Mr. Kuttner has mentioned the probable continuance of com- 
bustion of the spray droplets “which takes place long after these 
dynamic effects have dissipated themselves.’”’ Such continuance 
of combustion after the oil particles have come to a relative state 
of rest probably exists in all engines near and beyond full-load 
torque. Some of the causes are too coarse fuel particles with in- 
sufficient injection pressures, lack of suitable air turbulence, and 
poor fuel-spray distribution. 

These factors prevent the oil particle from completing its pro- 
gressive vaporization during active flight through the cylinder 
air (see Fig. 10) and leave a part of the oil particle intact after 
coming to relative rest. The result is a very slow removalvf sub- 
sequently vaporized molecules from the space adjacent to the 
surface of the remaining oil particle, production of an overrich 
mixture, and poor combustion. 

Unless the enormous number of fuel molecules, approximately 
220,000,000 C,oH2 molecules in an oil particle 0.0004 in. in di- 
ameter, are distributed to the air during the “‘oil-particle comet” 
period, mixing with the oxygen required for combustion must rely 
largely on the relatively slow processes of convection. The best 
mixtures and the contingent combustion are usually obtained 
when vaporization is progressively carried out while the oil par- 
ticles are impacting on the air. As discussed under Figs. 9 and 
10, the impacting velocities range from around 300 miles per hour 
down to approximately 40 miles per hour and less, depending on 
conditions. The oil particles do not continue at a 300-mile-per- 
hour speed, as Mr. Kuttner indicates, but slow down very 
abruptly to very low speeds, as published in the N.A.C.A. reports. 
Mr. A. Rothrock has also briefly discussed this point. 
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With reference to the application of the dynamic physical ef- 
fects applying only to “the fringe of the fuel spray,’’ mentioned 
by Mr. Kuttner, it must be remembered that the figures shown 
on the processes of fuel-spray formation (Figs. 9, 10, and 11) 
are essentially instantaneous cross-sections. The oil particles in 
the core of the spray have the highest velocity; those in the spray 
envelope the least velocity. 

The high-velocity ‘‘core,” therefore, shortly becomes the low- 
velocity “fringe,” the core atomizing and spilling over like a foun- 
tain at the tip of thespray. The spray formation is therefore also 
progressive, even the last of the injected fuel, in most injection 
systems, finally reaching the spray tip, atomizing, and producing 
more fringe. The fuel spray is finally all “fringe,” and the 
physical effects described apply in various amounts and at pro- 
gressive instants to all of the oil particles. 

The subject of oil-spray ignition is complicated. There are 
two general theories: that in which partial evaporation of the 
oil particle precedes ignition and that in which activation is pro- 
moted by moloxides without previous molecular vaporization. 
Mr. Bjarne Thulin has given an admirable résumé of the latter 
theory and feels that certain experimental data on ignition tem- 
peratures and vaporization temperatures may prove its cor- 
rectness, while still admitting that little is actually known of the 
complete course of the ignition processes. 

Analysis of the ignition and combustion processes in oil 
engines requires careful thought, the complete coordination of 
all pertinent fact and theory in several major sciences, and exact 
consideration of the masses, sizes, forces, and separation distances 
of the tiny actors involved—the molecules, the atoms, the pro- 
tons, and the electrons. 

This field is so large and generally unexplored that only a 
few easily grasped, commonly known facts can profitably be pre- 
sented in a brief discussion. 

The author believes that the combustion of all liquid fuels is 
preceded by their partial vaporization. The physical impossi- 
bility of a globule of liquid burning in its surface seems certain. 
The globule may burn, however, at its surface, the zone of com- 
bustion probably approaching to within a few hundred-mil- 
lionths of an inch under the pressure conditions existing in the 
engine cylinder. The word “at” is here used in the practical 
sense. 

Consider a globule of oil to be surrounded by compressed and 
highly heated nitrogen and oxygen molecules as in an engine 
cylinder. Let the oil globule be 0.0004 in. in diameter, contain- 
ing approximately 220,000,000 fuel molecules of average com- 
position C,H. This oil globule is surrounded, in a chemically 
proportioned mixture, by about 3,400,000,000 oxygen molecules 
and 11,064,000,000 nitrogen molecules. Each gas molecule is 
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approximately 0.000000012 in. in diameter and is within a radius 
of 0.002 in. of the fuel molecule. 

The area of the oil-globule surface is 0.0000005 sq. in., and the 
space occupied by any gas molecule is 0.0000000000000000023 
cu. in. Calculation shows that approximately 290,000 gas mole- 
cules compose the spherical layer of gas molecules next to the 
fuel globule. Opposite these gas molecules and composing the 
surface layer of molecules of the oil globule are about 1,780,000 
oil molecules. There are thus about six oil molecules to every 
gas molecule in the adjacent gas and oil-film surfaces. The 
physical impossibility of combustion taking place where there is 
only one oxygen molecule (one-ninety-sixth of the number re- 
quired) to about eighteen oil molecules, all of which are sup- 
posedly imagined to still form a contiguous oil-film surface, is 
readily apparent. It may be recalled here that about sixteen 
oxygen molecules are required for the combustion of one oil 
molecule (note discussion under Fig. 10C). 

Actually, however, the oil globule’s surface is heated by the 
adjacent gas molecules so that rapid vaporization takes place. 
Vaporization starts the instant the oil globule is formed and con- 
tinues with rapidly increasing intensity due to the heating up of 
the oil-globule surface and its increasing surface-volume ratio. 
If only 1 per cent of the oil globule is vaporized, 2,200,000 oil 
molecules are freed, the globule diameter still being 99.65 per 
cent of its original diameter. These oil molecules are now free to 
mix with the oxygen molecules, as indicated in the oil particle 
comet of Fig. 10A, B, C, and D. It is evident that the fuel- 
air mixture immediately adjacent to the oil-globule surface is 
rich and that a chemical mixture proportion of the molecules is 
obtained only after the oil molecules have traveled wellin to the 
gas-molecule spaces. It is repeated here that the figures show 
only the first steps in the fuel-spray formation, ignition, and com- 
bustion processes, the effects of air turbulence and so forth being 
omitted. 

The fact that vaporization precedes ignition is indisputable. 
The flash, fire, and boiling points of oil fuels are below the ignition 
temperature. It is not possible, therefore, for an oil to become 
heated to its ignition temperature without having passed through 
at least the flash point and so to have partially vaporized. The 
chemistry of combustion indicates that the fuel molecules do not 
burn as C,oH», or similar heavy molecules, but from smaller 
molecules. The heavy C, oH», etc., molecules are first vaporized 
from the oil globule and then split up into smaller molecules, 
C.H,, CH,, etc., and then ignited. It must be remembered that 
only a small part of 1 per cent of vaporization will produce many 
thousand oil molecules from each globule and that these vapor- 
ized molecules mix with the air within an extremely short distance 
of the oil globule and initiate combustion in oil engines. 
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High-Speed Diesel-Engine Design 


By OTTO NONNENBRUCH,! PHILADELPHIA, PA. 


HERE is no generally accepted definition of the term “high- 

speed Diesel engine.” It is therefore necessary to inter- 

pret it. After giving it some thought, it has appeared ad- 
visable to adhere to the definition used by Dr. Reinsch in his 
paper of June, 1928, at Dusseldorf, and deal only with engines of 
1000 r.p.m. and over, because they form a family of distinct ap- 
pearance and are, it is believed, what general conception under- 
stands as high-speed Diesel engines. 

Another possible definition might include all engines that run 
over a certain piston speed, say 1200 ft. per min., but this would 
cover too many different types without common traits, making 
comparattve discussion difficult. Furthermore, it is considered 
advisable to deal only with the design of actually manufactured 
and commercially successful high-speed Diesel engines and to 
omit engines that are in the state of development or not commer- 
cially proved. 

Before going into the design, it may be of interest to develop 
first a general picture of the field to which Diesel engines may be 
applied and of the conditions that have to be met in each field. 


TABLE 1 EXAMPLES OF INTERNAL-COMBUSTION 

Piston 

Number Bore and Piston speed, 
Maker of cyl. stroke, in. displ. R.p.m. ft. M.ep. Hp. 
1 De La Vergne.. 6 17 X 24 32600 225 900 65 600 
2 Atlas Imperial... 6 8'/: K 12 4070 325 650 75 1125 
3 Waukesha 6 73/4 X 8'/2 2410 1000 = 1415 91 275 
4 Winton.... 6 Ss x 10 3000 700 1170 75 200 
5 Buda 6 4 X 5'/s 387 2000 1700 75 73 
6 Continental 6 37/8 xX 4 215 2900 1930 78 61 
7 Beardmore 6 xX 12 3850 750 =1500 83 300 
8 Curtiss.... . 12 X 1549 2400 2500 128 600 


For this purpose Table 1 has been prepared, which lists examples 
of all types of internal-combustion engines from the heaviest to 
the lightest. The engines in this table are commercial engines 
selected at random as representative of different types, and the 
main items determining their design—namely, the weight per 
horsepower and its contributing factors—are given. They are 
arranged in the order of weight per cubic inch displacement. 

The first example is a heavy-duty Diesel engine of a type used 
for permanent stationary installations. The rated mean effective 
pressure of such an engine varies from about 65 to 72 lb. per 
sq. in., and the piston speed from 850 to 1000 ft. per min. The 
weight per cubic inch displacement lies between 4 and 4'/, lb., 
and the weight per horsepower around 200 to 250 lb. Whether 
this type of engine will continue is a question that cannot 
be readily answered. The author recently watched one running 
in a newly erected oil pipe-line pumping station. The pumping 
station had to deliver more oil than the one engine could handle, 
and while other units of the same type were being erected, two 
high-speed industrial gasoline engines had been set up temporarily 
and connected to oil-field pumps. The comparison was very im- 
pressive. The heavy-duty engine was noiselessly doing its work, 
giving the impression of permanency and steadiness, while the 
high-speed gasoline engines were rattling away at 1000 r.p.m., 
producing the feeling that they would soon fall apart. It ap- 
peared then that it would be a long time before the heavy-duty 


‘ Chief Engineer, Oil Engine Department, I. P. Morris and De La 
Vergne, Inc., Philadelphia, Pa. 

Presented at the National Meeting of the Oil and Gas Power Di- 
vision of the A.S.M.E. at State College, Pa., June 24-27, 1929, the 
Pennsylvania State College cooperating. 

Note: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 
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engine disappears. The weight of the heavy-duty engine and 
the space occupied, however, exclude it from many applications 
where small and light engines are required. 

The second example is a heavy-duty work-boat Diesel engine. 
The weight per cubic inch displacement is almost the same as that 
of the first engine. That means both engines are equally rug- 
gedly built. The piston speed is very low for the sake of propeller 
efficiency. The weight per horsepower is less than that of the 
first example on account of the higher revolutions per minute 
and higher mean effective pressure. 

The third example is a heavy-duty large gasoline engine used 
for industrial purposes. The rugged construction is indicated by 
a comparatively high weight per cubic inch. The piston speed is 
rather high when compared with Diesel engines of the past, but 
not abnormal for gasoline practice. The result is a weight of 27 
lb. per horsepower, and a very substantial engine. 

The fourth example is a marine Diesel engine for pleasure boats 
where light weight and small space are important. The weight 
per cubic inch displacement is only 2.7 lb., which indicates light 
— weight, compact design, close distance 
Weight Ratio of Ratio of between cylinder centers, and some use 
compl., weight weight of light-weight materials; all this, how- 


Ib. to hp. to cu. in. shed with 
45 ever, is accomplished without going into 


145000 242 4 

= 4 extremes, and keeping within the limits 
8000 40.0 2.67 of substantial design. The mean effec- 
tive pressure is conservative. The speed 
is high, producing a very low weight 


per horsepower. 

The fifth example is a typical truck and bus gasoline engine with 
a weight per cubic inch displacement of about 2'/, lb. This en- 
gine runs up to 2000 r.p.m. and weighs 13 lb. per hp. 

A typical automobile gasoline engine is the sixth example, 
weighing about 2 Ib. per cu. in. and 7'/, lb. per hp. at 2900 r.p.m. 

The seventh example is a locomotive Diesel engine, an applica- 
tion for which available space and weight force design to ex- 
tremes. The weight per cubic inch displacement is only a 
little over a pound, which indicates that every possible measure of 
lightening was used. The engine housing is a steel casting of 
°/, in. thickness; the pistons are aluminum; cylinder heads, 
aluminum; cylinders as close together as the water jackets will 
permit. On top of this light construction goes a very high piston 
speed and a high mean effective pressure, resulting in a weight 
per horsepower of only 13 lb. Still, the revolutions per minute 
are only 750, which means that the engine does not really belong 
in the high-speed class. 

The last example represents an extreme in light-weight con- 
struction, an airplane gasoline engine with a weight of 0.5 lb. 
per cu. in. displacement, 1'/,lb. per hp., and 2500 ft. piston speed. 

Each of the engines of Table 1 has been developed to satisfy 
the demand of a certain field. Up to about 10 years ago only the 
stationary and heavy-duty engines were Diesels and the applica- 
tions requiring light weight per horsepower were entirely left to 
gasoline engines. Since then commercially successful Diesel 
engines have appeared with characteristics which made it pos- 
sible to substitute them for the usual heavy-duty gasoline engines. 
The field of light-duty gasoline engines has not yet been reached 
commercially by Diesels, as shown by Table 2, which is a list of 
several present-day successful high-speed Diesel engines and 
their characteristics. With the exception of Junkers, all are 
four-cycle engines. The important items in Table 2 are the 
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TABLE 2 CHARACTERISTICS OF SEVERAL HIGH-SPEED DIESEL ENGINES 
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Piston 

Number Bore and Piston speed, 
Maker of cyl. stroke, in. displ. R.p.m. ft. M.e.p. Hp. 
1 Buda 4 6x8 900 1000 1330 = 92 
2 M.A.N 500 1000 1180 72 45 
3 M.A.N 745 1000 1180 72 68 
4 M.A.N 4 6.5 8.7 1150 1000 1450 76 110 
© , 1720 1000 1450 76 165 
6 Linke Hofmann. 4 4.5 X 6.5 410 1200 1300 = 80 50 
432. 1000 1115 74 40 
650 1000 1115 74 60 
6 880 1200 1420 67.5 90 
10 Mercedes-Benz... 6 4.1 K 6.5 520 1300 1400 70 
11 Maybach....... 6 5.5 X 7.1 1020 =©1300)S—-:11535s 90 150 
183 =1000 983 86 40 


weight per cubic inch displacement, the mean effective pressure, 
and the revolutions per minute. 

The weight per cubic inch displacement is inherently greater for 
the Diesel engine, because the cylinder pressures are higher. 
This requires heavier construction of pistons, wristpins, and con- 


Fie. 1 
R.p.M. 


Fic. KoertinGc 6-CyLinper Enorne, 5.1 In. X 7.1 In., 1200 
R.p.m., 90 Hp. 


necting rods. The crankshafts of gasoline engines have re- 
cently been made so heavy that no further increase is required 
for Diesel operation. The same applies to the wall thickness of 
crankcase, cylinder block, and cylinder heads, which for many 
reasons are made heavy enough to withstand the higher pressures 


Bupa 4-CyLinverR Enarine, 92 Hpe., 6 In. X 8 Iw., 1000 


of the Diesel cycle without additional 


Weight Ratio of Ratioof increase. The outcome is that, for a 
compl. weight weight 
Ib. tohp. tocu.in. given bore and stroke, the Diesel engine 


— 2 3-45 weighs only slightly more than a gaso- 
1950 29 2.6 line engine for the same class of service. 
4500 27 26 Mean effective pressure and revolu- 
1100 tions per minute are the other factors 
1600 37 0 3 2 making up the weight per horsepower. 
1600 23 3.10 The mean effective pressure of gasoline 
engines is a little higher than that of 


Diesel engines having the same margin 


Fic. Cross-SEcTION OF MASCHINENFABRIK AUGSBURG-NUERN- 
BERG ENGINE, 4-CyLINDER, 4.7 X 7.1 IN., 800 To 1100 R.p.m., 
36 To 50 Hp. 


of safety and reliability. The revolutions per minute of com- 
mercially successful high-speed Diesel engines at present lie be- 
tween 1000 and 1300, as Table 2 shows, and this is the factor 
which has in the past confined them to fields in which higher speed 
is not necessary. Successful development work, however, has 
proved that higher speeds are practical. It is therefore justified 
to predict that Diesel engines and gasoline engines will soon 
march side by side in all classes of service. 

Table 2 gives the bore, stroke, and piston displacement in the 
first three columns. The revolutions per minute given in the 
forth column lie between 1000 and 1300, with the average near 
1000, indicating the hesitating progress toward higher speeds. 
The piston speeds are put down for the sake of comparison. They, 
too, lie far below those used in light-weight gasoline engines. 
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The values of mean effective pressure vary widely, which, how- 
ever, is without significance, because mean-effective-pressure 
rating is an arbitrary selection, and not inherently different for 
any of the good four-cycle Diesel engines. The average is 78, 
which is a reasonable value for reliable service. The column of 


fi Fie. 4 MASCHINENFABRIK AUGSBURG-NUERNBERG 4-CYLINDER 
Enaine, 6.5 In. X 8.7 1000 R.p.m., 110 He. 

« 


Fic. 7 Junkers 2-Cycie, Opposep-Piston Enoaine, 3.15 In. X 
5.9 In., 1000 R.p.m., 40 He. 


Fic. 5 Linke-Hormann 4-Cy.tinper Enarne, 4.5 In. X 6.5 
1200 R.p.m., 50 He. 


Fic. 8 MotTorenrasrik Deutz 6-CyLiInpeR Enaine, 4.5 InN. X 
6.7 In., 1000 R.p.m., 60 Hp. 


total engine weights leads over to the last two columns—namely, 
weight per horsepower and weight per cubic inch displacement— 
which are the most important items for the general design, espe- 
cially the latter, which determines the construction to a large ex- 


Fic. 6 Mercepes-Benz 6-Cytinper Enorne, 4.1 In. X 6.5 IN., 
1300 R.p.m., 70 Hp. 
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tent, and shows that all the engines listed belong in a fairly 
rugged class. 

In Table 3 in the sixth line is the stroke-bore ratios, ranging 
from 1.33 to 1.57 (disregarding Junkers), and averaging 1.43. 
This is more than the usual value for gasoline engines of equal 


TABLE 3 COMPARISON OF SEVERAL TYPES OF ENGINES 


size for which a representative random selection averaged 1.2. 
The reason for this is the higher compression ratio of the Diesel 
engine which would produce extremely flat combustion chambers 
with gasoline stroke-bore ratios. The tendency in the Diesel 
engine is to produce a compact combustion chamber, not too 

low for its width, and that 


is accomplished by the 
Merc.- Ma 


Linke 
Buda M.A.N. M.A.N. M.A.N. M.A.N. Hofmann Deutz Deutz Koerting Benz bach Junkers treater stroke-bore ratio. 


ee ee ee 6 47 #47 #65 65 45 45 45 51 41 55 3.15 The distance between cyl- 
000 000 1000 1200 1000 1000 1200 1300 1300 1000 
Piston speed............ 1 5 5 535 3 
Cy. comer: 1.8 15 1.55 1.55 3 exception of Maybach, 
No. of main brgs........ 5 5 7 5 7 5 7 s +f 
Shaft diam.: bore....... 0.604 06 06 .. .. 0.52 0.65 065 0.55 .. 0.5 _.. Who uses narrow roller 
Location of main brgs.... hung hung hung hung hung hung hung hung hung hung hun hung bearings for main bear- i 
Conn. rod—length: stroke. 2.02 2.25 2.25 2 2 2 1.8: 4 
= ings, allowing the cylin- | 
1ston: 
Wristpin dia.: bore.... 0.438 0.36 .. 0.33 0.33 0.42 0. 286 0.44 ders, which are cast in one 
te 13 13 16 13 block, to be very close to 
each other. Another ex- 
Cylinders: 4 
Material.............. CI. Cl. Cl AL AL CI CI. Cl GI C1 AL ception is Koerting, who 
No. cast in one piece.. . 4 2 2 4 6 4 2 2 : ° s i 
Integ. with crankcase... yes no no yes yes no no no yes no no yes also casts all cylinders in ; 
Cl ch; Al. C3. - AL one block with inserted 
 ( Sa, no no yes yes no no no yes yes no yes ° 
Mat. crankcase.......... CT. ce Al. Al. Al. Al. 
Send engine unusually, as ex- 
Integ. with cylinder.... no no no no no ry ry no ne ne yee none pressed in the high weight 
No. cast in one piece... 2 2 2 2 y : oe cubic inch displace- 
No. of valves per cyl... 2 2 2 2 2 2 2 2 2 2 2 none POF cub displa 
Lubrication sump........ dry wet wet wet wet wet wet wet dry wet wet wet ment. Junkers cannot be 
Fuel injection........... dir. dir. dir. dir. dir. dir. prec. prec. prec. prec. air dir. f 
Weight per cu.in........ 3.45 3.3 2.6 3.0 26 2.7  3.0+ 2.5 3.75 3.1 2.6 3.5. Compared on account o 
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10 Section or Koertine 6-CyLinpeR EnGine 5.1 IN. X 7.1 IN., 1200 R.p.m., 90 Hp. 


the entirely different design. The next line shows that all en- 
gines with the exception of Linke-Hofmann have a main bear- 
ing between any two cylinders. 

The shaft diameters average 60 per cent of the cylinder di- 
ameters, a figure which in a representative number of gasoline 
engines was found to be 0.58, which means practically the same as 
in the Diesel engines. All main bearings are hung—that is, sup- 
ported by the upper crankcase, as is usual in gasoline practice. 
The ratio of the connecting-rod length to stroke is 2 : 1 in most 
cases, which is the same as in gasoline engines. 

Cast-iron pistons are predominant. Aluminum is the excep- 
tion because it is not necessary at the speed of the present high- 
speed Diesel engines. There is, of course, no more objection to 
the use of aluminum pistons than in gasoline engines. The pis- 
tons are considerably longer than usual in gasoline engines, in 
order to allow for the greater side thrust. 

Cylinder arrangement follows gasoline practice except for the 
fact that several of the Diesel engines use removable liners, taken 
over from larger Diesel engines. These liners are decidedly a 
desirable feature. The material of the crankcase is either cast 
iron or light-weight metal indicated as aluminum in Table 3. 
The cylinder heads are detachable, with the exception of May- 
bach, who casts the six cylinders and heads in one block. Two 
heads are usually cast in one piece. 

Only two valves, one exhaust and one intake, are used, and all 


valves are arranged overhead. Neither “L,” “F,’’ nor “T” 
heads are found as yet in Diesel engines, which is a complete de- 
viation from gasoline practice, caused by the high compression 
ratio of the Diesel. Still, the future may bring such perfect con- 
trol and distribution of fuel injection that ‘‘L’’ heads or at least 
“F” heads may become possible. 

Lubrication is in all cases by pressure pump, most engines using 
a wet sump and one pump. There are only two exceptions hav- 
ing a dry sump, two pumps, and an oil container outside the 
crankcase. The second last line lists the different systems of fuel 
injection, giving seven engines with direct injection, four with pre- 
combustion chambers, and one with air injection. 

Raising the revolutions per minute by adequate means of fuel 
injection is the real problem in high-speed Diesel engine develop- 
ment, because the design of the rest of the engine can almost be 
copied from gasoline engines built for the same service. The aim 
is to condense into the shortest possible time all the processes, 
from the injection of the first particle of fuel to the complete 
combustion of the last. The shorter this time can be made, the 
faster the engine can run. The means by which this aim is fol- 
lowed vary so widely that the incomplete state of high-speed 
Diesel-engine development becomes immediately apparent. 
There are many different systems of fuel pumps, of fuel injectors, 
and of combustion chambers, and each system is backed up by 
scientific argument claiming its superiority. 
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Air injection, the old orthodox method, is used in the May- 
bach engine. This engine was probably the first commercially 
successful high-speed Diesel engine, and the main develop- 
ment work for it was carried on at a time when solid injection 
was not an established success in high-speed engines. Whether 
the Maybach Motor Company would have taken a different road 
a few years later, is impossible for an outsider to say. It is evi- 
dent that‘air injection has theoretical advantages when high speed 
is the aim, because it produces the desired rapid distribution of 
fuel in the conbustion chamber in an ideal manner, and it may be 
that the future will bring out a real superiority of air injection 
when speeds of over 3000 r.p.m. are demanded. For the present 
speed of 1300 r.p.m., it seems that a high price is paid for what- 
ever advantages there may be; namely, the addition of a three- 
stage air compressor, injection air piping, and a somewhat intri- 
cate method of fuel-valve regulation which was found advisable 
in order to obtain the necessary flexibility. 

The path led by this engine was not followed by others, and 


Fic. 11 MAacHINENFABRIK AUGSBURG-NUERNBERG 4-CYLINDER 
Enorne, 4.7 In. X 7.1 In., 800 To 1100 R.p.m., 36 To 50 Hp. 


the majority of development work went in the direction of me- 
chanical fuel injection, which in the meantime had made fast 
headway in larger Diesel engines. But even within the limits 
of mechanical injection, standardization of the fuel-injection sys- 
tem is no nearer. 

A system of injection that has a strong position based on prac- 
tical success is marked by a so-called precombustion chamber, 
that means a subdivision of the combustion space into two com- 
partments, into one of which the fuel is injected, but it is found 
that even within the narrow field of precombustion-chamber 
engines, harmony is missing, as is shown by the following com- 
parisons: 

Deutz uses a precombustion chamber arranged in the cylinder 
head near the circumference of the cylinder bore. This arrange- 
ment clears the center of the cylinder head, and permits large ex- 
haust and intake valves arranged overhead, one of each. The 
openings from the precombustion chamber are one-sided, and 
directed toward the center of the cylinder corresponding to the 
one-sided location of the precombustion chamber. 

Mercedes-Benz uses a precombustion chamber almost in the 
center of the cylinder head with a central opening to the cylinder. 
The overhead exhaust and intake valves are slightly off center to 
permit their larger size. Koerting’s precombustion chamber is 
also near the center of the cylinder head, but in other respects dif- 
ferent from that of Mercedes-Benz. 

The third fundamental system of injection may be called direct 
injection, designating that the fuel is injected directly into the 
combustion space without the use of a precombustion chamber. 


In this field too, wide variations are found. M.A.N. and Buda 
place the injection valves horizontally in the lower part of the 
cylinder head to clear the top of the head entirely for large over- 
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Fic. 12 Section or MoToRENFABRIK Deutz, 4-CYLINDER ENGINE 
4.5 In. X 6.7 In., 1000 R.p.m., 60 Hp. 


= 


head exhaust and intake valves. The fuel is shot across the 
piston top horizontally by one or two injection valves per cylin- 
der, the preference being one because it is simpler, and apparently 
gives the same good results. 
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Krupp places the injection valve centrally and vertically 
into the cylinder head. Linke-Hofmann combines fuel pump 
and injection value in one unit, attached to the side of the 
cylinder head, and injects horizontally into a combustion chamber 
which is arranged at one side of the cylinder head. Junkers, too, 
injects horizontally into the dish-shaped space between the two 
opposed pistons. So far only those differences in the fuel-injec- 
tion systems which affect the design of the cylinder head have 
been dealt with. The picture becomes still more complicated 
when fuel pumps and injection valves are considered. 


Discussion 


C. 8S. Moore.’ In looking at the illustrations I notice that 
the lengths of injection lines vary a great deal. I think there is 
something there into which we should look, designers especially. 
As the lengths of the injection lines vary, the injection lags will 
vary also. The time at which injection takes place into the 
cylinder and the load distribution among the ¢ylinders of an 
engine will vary. 

Perhaps these designers have taken that into consideration. 
I do not hear stated any methods which they have used. I 
believe it should be taken into consideration because the evenness 
of the engine in running, when taken to a detailed analysis, 
will depend on that as one of its factors. 


E. Nisss.* The definition of a high-speed Diesel engine is 
interesting. Taking account of the revolutions is about the 
most logical thing to use, and 1000 r.p.m. appears reasonable. 

It is very hard indeed to get hold of a formula or arrangement 
which will properly place engines in the classes to which they 
belong, and I make a suggestion that the number of B.t.u. per 
square inch of piston per hour is a very good guide to what an 
engine will do. That takes account of speed, also of mean 
pressure, and also it takes account of the volumetric efficiency 
of the cylinder. 

Another way which I tried to evolve some time ago was to 
evaluate an engine taking all the factors into account, and it 
finally worked out that the following gave a very good apprecia- 
tion of the decency of design—I can hardly call it “decency” 
of good design, but excellence of design: Take the mean pressure 
multiplied by the stroke-bore ratio, number of cylinders, number 
of revolutions, times the cube of the diameter, and divide the 
whole by the weight, and you get a figure whtch of course is 
purely empirical, but nevertheless gives a good comparison 
number. To give an example, engines such as Bessemer, New 
London Ship & Engine, Winton, medium flight-weight engines, 
give a figure of about 3800 as representing their performance; 
while taking the class of engine similar to those we have been 
seeing on the slides, you get a figure of about 12,000; and taking 
heavy duty gasoline engines, you run up to about 38,000; 
and if you take a high-speed aviation engine, you get up to 400,000. 

That shows what the Diesel has to do in order to come to a 
parity with the gasoline-driven aviation type of engine. 

The author has given great deal of information which is 
not otherwise available. The chief thing that comes out from 
that is that a two-cycle engine will be the coming engine of the 
future, and the opposed-piston type seems to be one of the most 
promising fields for exploration. 


P. B. Jackson.‘ The material presented by the author, par- 
ticularly the comparisons made of the Diesel and the gasoline 


2 National Advisory Committee for Aeronautics, Hampton, Va. 

‘Chief Engineer, Electric Boat Co., Groton, Conn. Mem. 
A.S.M.E. 

‘ Aluminum Company of America, Chicago, Ill. 


engine, indicates not only the trend in design, but also that the 
Diesel designers and builders are recognizing the economic ad- 
vantages of high speed. 

Injection and combustion problems at the higher speeds un- 
questionably are serious. They are, however, not the only ones 
that confront the designers. The writer will discuss two of these 
problems and also attempt to correct an impression that the 
paper has made regarding the necessity of aluminum pistons. 

If the speed of a given engine is increased from 600 r.p.m. to 
1000 r.p.m. (which would bring it into the “high speed” classifica- 
tion, according to the opening paragraphs of the paper), the total 
heat supplied the engine would increase essentially in the same 
order, or some 66 per cent. It is perfectly reasonable to assume 
that the “heat balance” of the two engines would be to all in- 
tents similar. This reasoning implies further that the piston is 
called upon to handle 66 per cent more heat. 

There are three ways of handling this increased amount of 
heat, the most logical of which would appear to be, at first glance, 
to increase the head thickness 66 per cent. This is impractical 
in most cases, due to increased inertia forces. Increasing the 
temperature gradient the same per cent would handle the heat, 
but would raise thermal stresses to a point where head-cracking 
would be inevitable. The choice of an alloy having a higher 
thermal conductivity is the most practical and satisfactory solu- 
tion of this problem. . 


TABLE 4 CHARACTERISTICS OF CAST IRON AND AN 
ALUMINUM ALLOY 


Aluminum Cast iron 


Thermal conductivity at 64 deg. fahr.......... , 1393 331 
Thermal conductivity at 212 deg. fahr...... eae 1428 21 
Allowable temperature gradient, deg. fahr........ 130 350 
Stress due to temperature gradient, lb. per sq. in... . 8000 15,000 
Conductivity factor (conductivity x temperature 


Table 4 shows the comparative characteristics of cast iron and 
an aluminum alloy. It is noticed that not only is the conductivity 
of aluminum at 212 deg. fahr. some 4'/, times that of cast iron, 
but that the conductivity increases with a temperature rise. This 
condition is reversed in cast iron. 

The conductivity factor—that is, the conductivity times 
the allowable temperature gradient—is 1.63 for aluminum as 
against 1.00 for cast iron. Piston-head thickness is inversely 
proportional to these factors. 

The advantages of the thermal characteristics of this alloy 


COMBUSTION PRESSURE 
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Fie. 13 Fic. 14 


are easily recognized, and it becomes entirely practical to make 
aluminum pistons up to 300 b.hp. without auxiliary cooling. 

The writer recently prepared a “bearing’’ work diagram. It is 
quite closely related to the more familiar polar diagram of bearing 
pressures, inasmuch as the resultant bearing loads are determined 
in the same manner as they are in the polar diagram. They are 
plotted against crank angles, which is a distance factor, hence 
the work diagram. 

Fig. 13 shows diagrammatically a piston, connecting rod, and 
crank. The resultant rod load, the centrifugal force of the large 


* 
ay 
3 
3 , 
4 
& 
4 
i 
th, 


122 TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 
end of the rod, and the resultant of these two forces are also 24000 Fiamma | Sf at at 

Fig. 14 shows the three vectors that make up the crankpin load. a | | 
The distance from the origin of these forces to a point on the re- 14000/° | i | ITT 
sultant, found by drawing a line from the terminus of the force ‘& 15,000}: f } A 
vector to and at right-angles to the resultant vector, is that por- | 
tion of the crankpin load due to the force from which the point is © “°° [Resultant of Gas jrertia | i 

~ and Centrifugal Force 

The object of this division of resultant forces is seen in Fig. 15. 
The upper line represents the magnitude of the resultant crankpin TOTAL AREA 334 SQ IN 
loads at any crank angle. The line enclosing the shaded portion ¢£ 3, renntttte 
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of the diagram represents the magnitude of that portion of the 
crankpin load due to the rotating weight of the connecting rod’s 
large end. 

A study of this diagram will disclose several interesting things. 
Of the total area, and by the same token, the total crankpin work, 
only 32 per cent is due to gas pressures, some 68 per cent is a 
direct function of the weight of the rotating and reciprocating 
parts, and 35 per cent of the total is due to the weight of the 
large end of the rod only. 

This analysis was made on an 8'/,-in. by 12-in. solid-injection 
engine running at 800 r.p.m. The speed specification indicates 
that it is not in the high-speed class according to the definition 
formulated in the early part of the paper. 
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-- EXPANSION: -- 


Fig. 15 Crankptn Beartnc Work DraGram 


(Bore, 8.25in.; stroke, 12.00 in.; speed, 800 r.p.m.; reciprocating weight 
43 lb., rotating weight, 29 Ib.) 


I believe that a careful analysis of the diagrams included with 
this discussion will justify the use of aluminum pistons in Diesel 
engines from both the heat and weight standpoint. 
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Progress in the Petroleum Industry’ 


Contributed by the Petroleum Division 


Executive Committee: Walter Samans, Chairman, P. L. Guarin, Secretary, T. H. Kerr, 
H. R. Pierce, C. F. Braun, and W. G. Heltzel 


HE petroleum industry has grown so rapidly in the past 

twenty-five years that, even when considering its prog- 

ress for one year only, it would be impossible in a brief 
report such as this to cover in full the outstanding improvements 
in its diversified engineering interests. 

These include the technical activities of the mining, civil 
chemical, and electrical engineer, as well as those of the mechani- 
cal engineer. The various branches of engineering usually in- 
cluded in or considered as offspring of these general classifica- 
tions, from which experts, each in his own particular line, are 
engaged in one or more branches of the petroleum industry, 
are even more numerous. 

It is therefore the purpose to cover herein only the principal 
mechanical engineering developments of the industry, at the 
same time calling attention to the more general treatment of 
the industry’s problems in the Progress Report for 1927. 

Throughout the industry during the past twelve months the 
overproduction of crude oil and the resultant reduction in the 
selling price of finished products, due to a highly competitive 
market, have militated to reduce waste in production, handling, 
and refining. On first thought this may appear parodoxical, 
but not when we consider that waste is not intentional but the 
result of a continuance of obsolete expensive methods when im- 
proved methods are known and applicable as a result of wise and 
reasonable investments. Such improved methods are a necessity 
to those companies wishing to stay in business without loss, when 
the overall margins of profit are least. 

Whether the methods referred to as expensive are general pro- 
cedures involving a number of correlated problems or are a single 
item such as the use of obsolete equipment in one phase of a 
process, the principles involved are usually subject to study along 
engineering lines, and provide a fertile field for the engineer’s 
talents. 

The last few years have witnessed the greatest progress toward 
the efficiency goal, because the natural result of increasing the 
volume of raw and finished products handled coincidentally with 
the continuance of a high wage rate and high equipment cost, is to 
make for larger capacities of individual units and the substitution 
of continuous processes where batch processes were formerly em- 
ployed. At the same time, the striving toward minimum main- 
tenance costs leads to balanced designs, more careful selection of 
materials for construction, and careful analysis of the protective 
measures required to assure the expected life of the plant as a 
whole. 

As far as available time permits, research work is carried on for 
such purposes, as well as for the discovery of better and more 
economical processes and the coincidental improvement in quality 
of products. 

The improvements of the past year throughout the petroleum 
industry are therefore largely developments of those of the pre- 
ceding year. 

PRODUCTION 

The drilling of wells has been carried on in the past almost en- 

tirely on a competitive basis; that is, where different persons own 


‘The chairman is indebted to the members of the Committee 
for assistance in preparing this report. 


interests in the same pool, competition is set up in the rapid 
drilling of wells too closely adjoining, but on opposite sides of a 
property line, each person aiming to obtain the maximum amount 
of oil in the shortest possible time. When a number of large 
pools are developed in this way, the oil is not only produced in 
quantities beyond what is required by the market, but the full 
yield of the pool cannot be obtained, and the rate is most un- 
economical. 

Under such conditions the necessary equipment is selected and 
installed with speed as the only consideration. The overpro- 
duction resulting has brought these uneconomical methods home 
to all, for even the consumers of the ultimate products are not 
benefited when in the end the continued reduction of available 
supply raises prices beyond their means. 

The first remedy considered was the balancing of production 
with demand, by prorating the desired production among the 
various pools. A representative of the state commission having 
suitable powers, or an umpire elected by the producers themselves, 
dictates what percentage of the potential production is permis- 
sible and what new wells may be drilled in. This has not oper- 
ated as successfully as expected in all fields, but has kept the 
total production within the maximum possible. However, 
wherever joint ownership of a pool by the larger companies pre- 
dominates, or where association of the smaller producers has 
made it practicable, the restriction of well drilling, together with 
production control, seems preferable, and should result in maxi- 
mum recoverable percentages and most economical operation. 

At first thought this would seem to have little bearing on 
purely engineering problems, but as a matter of fact all mechanical 
operations that relate to production of oil are dependent on en- 
gineering principles. The determination and prorating of po- 
tential production, the rate of drilling, and other allied opera- 
tions can be accomplished best by engineering methods. 

With the drilling of wells to 4000 ft.:and more in depth, larger 
power units are required, which has emphasized the matter of 
costs. This has resulted in the adoption of compound steam 
pumps, and further savings have been effected by the use of feed- 
water heaters and control equipment, as well as better insulation, 
in steam plants. 

Where electric power is available—and the power companies 
have rapidly extended their service in plant and transmission 
lines—its use will save about three-fourths of the power costs of 
drilling and pumping as compared with a simple steam plant, 
and about one-half in the case of a better steam plant and com- 
pound steam pumps. 

These economies are especially available in the Mid-Continent 
field, where deeper wells are drilled than on the Gulf Coast and 
in California. In the Greater Seminole pool in Oklahoma, an 
electric-driven slush pump having duplex fluid cylinders of 
7'/, in. diameter by 18 in. stroke, requires a 150-hp. motor to 
handle the mud-laden fluid weighing 90 lb. per gal. at pressures up 
to 450 lb. These large pumps have been on the market only a 
short time, as the shallower wells formerly drilled required equip- 
ment of but half their capacity. 

As the result of the better pumping equipment developed dur- 
ing the past year, we now have the electric pumping-gear set and 
the chain-driven pumping set with tug rim and chain-driven sand 
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reel, which readily do the work formerly accomplished with older 
band-wheel equipment. Counterweighting the well-pumping 
units makes them run more smoothly. 


STANDARDIZATION OF PropucTION EQUIPMENT 


The need of uninterrupted drilling operations in the develop- 
ment of new oil pools, as well as the economical desirability of 
uniform practice and interchangeable equipment and parts, re- 
sulted in the formation of a Standardization Division in the 
American Petroleum Institute. The work of its committees has 
been in progress for six years, and about 90 per cent of it is com- 
pleted. Complete specifications have been adopted on all classes 
of tubular goods, including casing, drill pipe, tubing and line 


Fie. 1 Two Tanks 115 Fr. Diameter Equipprep WITH FLOATING 
Roors 


pipe, and on firebox boilers, cable-drilling tool joints, and stand- 
ard rigs and derricks, both all-steel and combinations with wood. 
Specifications on rotary equipment, pumping equipment and 
engines, well rods of various types, motor frames, belting, wire 
rope, and manila cordage have been issued in part. Complete 
specifications for purchase, fabrication, and erection, with full 
detailed shop plans and rivet lists, are now available for steel 
tanks for oil storage in all required standard sizes. 


NATURAL GASOLINE 


The production of natural gasoline, as is well known, has always 
been a factor accompanying the drilling of oil wells. Natural gas 
is found in all oil pools in varying quantities and under varying 
pressures, both decreasing as the pool is developed, until finally, 
when the recoverable oi] may be exhausted, the gas is drawn from 
the wells under vacuum. Depending upon its source, the natural 
gas contains as absorbed vapors the lighter hydrocarbons, which 
are in turn recoverable from the fixed gas by the absorption 
method, in which the rich gas is bubbled through an unsaturated 
oil of selected quality and boiling range, the absorbed gasoline 
being later reevaporated by heat and separately condensed; or 
the rich gas is compressed, and in the after-cooling the condensed 
gasoline vapors are separated from the fixed gas by draining off. 
Again the rich gas may be relieved of its natural gasoline com- 
monly called “stripping,’’ by the combination of a compression 
and absorption plant. A similar process is used in the refineries 
for stripping the gas released in distillation and cracking proc- 
esses, and commonly known as “still gas.” 


TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


Besides the problems presented by the physical and mechanical 
processes used in reclaiming the natural gasoline, there is the 
chemical reaction of corrosion, due mainly to hydrogen sulphide, 
to combat which mechanical troubles must be solved and ma- 
terials for the equipment employed must be carefully selected. 
This will be discussed later under the heading ‘‘Corrosion.”’ 

The return to the compression gasoline plant has been generally 
due to the undisputed success of this method of operation for 
performing the dual function of gas lift and gasoline extraction. 
The one unfortunate result of the general adoption of this type of 
plant was an excessive production of natural gasoline during 
the early part of 1928 which forced prices to lower levels than 
ever before experienced. However, through a greater degree of 
appreciation of the economic situation this surplus condition has 
for the most part been corrected. 

Probably the greatest advance in prime movers for gasoline- 
recovery plants during the past year has been the material im- 
provement in high-speed medium-duty gas and oi! engines. 
These are now being produced by several companies and are 
giving satisfactory results on variable-duty semi-continuous 
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service, and in many cases on constant-duty continuous service. 

One of the outstanding events of the past twelve months was 
the opinion handed down by two United States district courts in 
relation to the validity of the so-called Thompson rectification 
patents. These laid claim to the invention of processes and 
products that had been in use and had existed for many years 
prior to the time of their filing by the patentee. As a result of 
the litigation, it was natural that considerable attention should 
be directed to rectification, and in a great many cases where not 
previously in use this system has been adopted in preference to the 
old one of weathering and recycling, which accomplished the 
same results but sometimes at a higher cost. 

Last year attention was directed to the fact that the use of 
automatic controls and labor-saving devices had received a 
great impetus. The application and improvement of this equip- 
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ment have been widespread during the past year, until now the 
most complicated operations are entirely accomplished without 
manual intervention. Much remains to be done in the further 
improvement of these devices and their utilization, and probably 
there will be somewhat of a reaction from the unnecessary use 
of some types of such equipment. 


TRANSPORTATION 


Crude oil is transported from the field to the refinery by pipe 
lines or by tank ships, commonly known as “tankers,” or by a 
combination of these two facilities, depending on the relative lo- 
cation of the fields. In a few instances railroad tank cars are 
used for bringing crude oil from field to seaboard loading stations, 
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discovery of weakness in existing lines due to corrosion, necessi- 
tating the emergency replacement of many pipe lines in active 
service, more attention is being given to protection from soil 
corrosion. This will be discussed later. 

Up to within recent years the pipe-line station was as ele- 
mentary as conditions seemed to warrant. Oil-field boilers, 
many of the locomotive type, were fired with crude oil as fuel, and 
supplied steam at moderate pressures to simple steam pumps. 
Fuel being abundant, little attention was paid to efficiency; the 
lagging of boilers was haphazard, and the insulation of steam 
lines comprised a simple rain shed and the cheapest possible 
pipe covering, if indeed any protection was afforded. 

These earlier installations, some of which are still found in use, 
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but this only where doubt as to continuance of production does 
not warrant the construction of a pipe line, as the cost of railroad 
transportation is naturally higher. 

Pipe lines from gathering points to distant refineries or seaboard 
loading stations, known as “trunk lines,” vary from 6 to 12 in. 
in diameter, although the more recent lines are 10 in. in diameter. 
The pumping stations are located at intervals of 20 to 70 miles, 
depending on the quantity and viscosity of the crude to be 
handled and the nature of the terrain crossed. 

Formerly lap-welded steel pipes with screw couplings were 
laid on the surface of the ground or under a shallow earth cover, 
and little attention was paid to protection from soil corrosion. 
During several years past the jointing of lines by acetylene 
welding on chamfered ends has been gaining in popularity, and 
now there is scarcely a line laid that is not welded. The pipe 
manufacturers have cooperated by furnishing pipe in 40-ft. 
lengths, double the usual dimension. Electric welding of pipe 
lines in the field is now being tried, and automatic welding may be 
expected. Seamless steel pipe is coming into use, which has per- 
mitted greater pumping pressures. One of the outstanding ex- 
amples of this kind is the first 8-in. line extending from Wink, 
Texas, to El Paso, Texas, laid in the past year by the Pasotex 
Pipe Line Company; this line is operated at 900 lb. pressure. 

Vith the laying of larger pipe lines in greater number, and the 


gave way to horizontal power-driven pumps of two or more 
cylinders or vertical triplex pumps, the pumping pressure being 
nominally about 700 lb. For these the motive power was an air- 
injection oil or gas engine. Later, solid-injection oil engines of 
both vertical and horizontal types were used. At many of these 
stations a steam plant was built as a reserve. The engineering 
work on these plants was, however, first class. 

As the oil-pool territory became populated by reason of ex- 
tended developments, power companies saw their opportunity, and 
now even in the newer fields it is possible to obtain alternating 
current from high-voltage lines stepped down to the voltages re- 
quired. While centrifugal pumps have been used for years in 
transferring oils at moderate pressures, and particularly on the 
Pacific Coast, there was a basic objection to their employment on 
the small capacities of the early pipe lines at the pressures re- 
quired, which at that time could not be obtained at reasonable 
efficiencies from the multi-stage pump designs then available; 
and there was also the variable rate in pumping to be considered. 

At the present time, and particularly during the past year, 
centrifugal-pump installations have been made for pumping 
petroleums having a wide range of gravities and viscosities. In 
some cases the application of the centrifugal pump was made 
possible only by obtaining reasonable viscosities either through 
the heating of the high-viscosity oils or by blending them with 
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lighter-viscosity oil before entering the pump. Under these 
conditions operating pressures ranging from 600 to 1000 lb. are 
employed. There are, however, certain limitations to the use of 
centrifugal pumps, in that they are normally only comparable in 
efficiency with reciprocating power pumps when operated at de- 
signed capacities, pressures, and gravities of oil, with moderate 
viscosities. At low capacities, even if so designed, or at viscosities 
over 300 sec. Saybolt Universal, the efficiency drops off rapidly. 
It is also necessary to replace the wearing rings of impellers as 
wear develops, otherwise the efficiency will fall off materially. 

The advantages of the centrifugal pump lie in its use as a 
spare pump to keep down the first cost of main stations, and as a 
booster pump between main stations on trunk lines where a tem- 
porary increase in line capacity is required for flush production. 

For main-line-station pumping under the usual economic con- 
siderations, an electric-motor-driven centrifugal-pump installa- 
tion must maintain an average overall efficiency of 68 to 70 
per cent to be competitive with an electrically driven reciprocat- 
ing pump. With oils of limited viscosity this seems quite possible 
where new pumps on test show 80 per cent efficiency or more. It 
should also be remembered that centrifugal-pump installations 
can be more readily and quickly installed or removed. 

Steel storage tanks, both on pipe lines and at seaboard loading 
stations, were for many years standardized on a size of 55,000 
bbl. each or 115 ft. diameter by 30 ft. high. Within the last few 
years pipe-line tanks on new installations have been reduced in 
size to act mainly as surge tanks, and a recent installation in 
West Texas using pipe-line centrifugal pumps, has installed 1000- 
bbl. tanks for this purpose; meanwhile on seaboard loading 
stations and tank storage farms the standard size has increased to 
80,000 bbl., and at present there are under construction a number 
of 120,000-bbl. tanks. While floating roofs have been extensively 
used on storage tanks both in the field and in refineries, the past 
year has witnessed the successful operation of a “‘breather’’ rvof. 
This type of roof was primarily intended for full storage, and 
consists of an assembly of rectangular plates */\. in. thick, fast- 
ened to the shell of the tank by a ring angle in the usual way with 
all seams welded. The original intention was to let the roof 
sag down on supporting beams provided as the tank was first 
filled; then, as the temperature rise caused the vapor space to 
expand the roof would rise until the camber was equal in amount 
to the original sag (about 9 in. from the neutral horizontal), at 
which point excess pressure would be relieved through a vent 
valve actuated mechanically. When the tank was emptied or 
contraction of the vapor space due to cooling caused the roof 
sheets to drop to the supporting beams, a vacuum relief valve 
would open. 

It was found that by keeping the oil high enough in the tank 
and in contact with the roof so as to slightly raise the latter above 
the neutral line, the evaporation losses were negligible, with re- 
duced corrosion on the underside of the roof sheets. This cor- 
rosion, from past records, had been very noticeable, particularly 
for high-sulphur crudes of West Texas. 

The transportation of crude oil by tanker has naturally de- 
veloped with the production in territories within pipe-line distance 
of tidewater. At present, oil is so transported from California 
and the Gulf Coast to the Atlantic Seaboard refineries, as are 
also some foreign crudes, noticeably from Venezuela, and to a 
lesser degree from Colombia and Mexico. 

As in the case of other equipment of the industry, the size of 
tankers is increasing, and a noticeable trend to Diesel-engine 
propulsion has taken place. While direct drive to the propeller 
shaft is favored by many because of its efficiency and simplicity, 
a number of Diesel-electric-drive tankers are in use, particularly 
by one large Eastern company which believes that greater flexi- 
bility, pilot-house control, and maneuvering ability offset the 


slight gain in long-voyage efficiency claimed for direct Diesel pro- 
pulsion. 


REFINING 


During the past twelve months there has been a continuance of 
the improvements started in the previous year, not only on un- 
finished installations but by modification of old plants. 

On pipe fractionating stills, the addition of side-stream strippers 
has resulted in the elimination of light ends or tails in the distilla- 
tion curve. 

In one installation the attempt has been made to increase the 
heat recovery by the installation of vapor heat interchangers 
between each pair of fractionating trays. In towers of more con- 
ventional design, the number of vapor heat exchangers is limited 
to the number of side streams removed, and in single-flash, single- 
bubble-tower operation on crude oil is often limited to exchange 
with the naphtha vapors. The resulting temperature of the crude 
rarely exceeds 425 deg., as compared with the claim for the newer 
method of 500 to 550 deg. It is also claimed that the changed 
reflux conditions brought about result in no decrease in efficiency 
of fractionation. 

The refining of the high-sulphur crudes produced in West 
Texas has added to the corrosion problem in fractionation equip- 
ment, both in the pipe coils and other high-temperature portions 
of the stills, and in condensing and cooling equipment for the 
lightends. This trouble is being combated both by blending with 
other crudes before charging, and by caustic soda or lime treat- 
ments applied at the charging pump. 

The construction of liquid-phase cracking equipment has con- 
tinued, due to the normal annual increase in demand for motor 
gasoline, and the capacities of the units have been materially 
increased by charging a mixture of hot recycle stock from the base 
of the bubble tower and fresh charge, the pump drawing from the 
base of the tower or separate mixing tank, depending on the 
process followed. By this method crude oil can be charged direct 
to cracking stills, and the natural gasoline taken off with the 
cracked gasoline. Of course, crudes high in lubricating stock 
are not so distilled. The details of the equipment used in running 
crudes this way depend upon the particular patented process for 
which the apparatus was built. 

Vapor-phase cracking plants are increasing in number because 
of the anti-knock value of gasoline so produced. The refining 
losses may be kept within reason if properly controlled. 

The Edeleanu process for the refining of lamp oils and lubricat- 
ing oils is continuing to find favor. 

The contact filtration process of refining lubricating oils has 
made little progress during the year. 

The number of centrifuge plants for dewaxing has increased. 

Vacuum distillation in connection with lubricating-oil refining 
is receiving more attention. 

There have been no new developments in shale-oil distillation, 
mainly on account of the overproduction of ground crude. 


CoRROSION 


Corrosion, mainly due to sulphur and chlorides, is prevalent 
in all equipment used in the petroleum industry from the well 
up to the last stage of refining the products. 

A year or so ago an estimate based on preliminary study placed 
this loss at about $120,000,000 annually. The American Petro- 
leum Institute authorized the formation of a General Corrosion 
Committee, which first met in February, 1928. This committee 
has been collecting data on the subject and is endeavoring to ob- 
tain more accurate records from the various oil companies and 
individuals therein who are combating this evil. 

The three methods of correction most commonly employed, 
singly or in combination, are: the use of parts made of corrosion- 
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resisting alloys; surface protection, which is usually electroplat- 
ing, hot-process metallic coating, such as calorizing, or spray coat- 
ing of metals; and the injection of chemical neutralizers into the 
charging oil if for the protection of still apparatus. 

In production, oil-well tubular material and rods have been 
tried with aluminum and chromium alloys entering into the parts 
most affected. Chemical treatment of the corrosive gas and 
natural gasoline produced therefrom has been effectively handled 
both by the introduction of anhydrous ammonia in the gas 
stream and by means of a wash of caustic soda. 

Steel storage tanks in the field, at loading stations, and re- 
fineries have been built with roofs and sometimes top ring sheets 
of pure iron or copper-bearing steel, with rivets of similar material. 
Aluminum alloy has been tried for this purpose, but is not con- 
sidered favorably as yet on account of the expense. 

Various kinds of paints are being tried on the interior surfaces 
of roofs for protection against hydrogen sulphide. Other paints 
and plastic compounds are being tried on the inside of bottoms for 
protection against salt water containing sulphurous compounds. 

Pressure and vacuum relief vents on tanks, ordinarily provided 
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(Finished weight, 51 tons; operating conditions: 750 Ib. pressure, 850 
deg. fahr.) 


with flame arresters, are being universally adopted. These are 
made of aluminum or are combinations of cast-iron housings 
with working parts of aluminum or brass, and lead-coated plates, 
depending on conditions to be met. 

In connection with pipe lines, two practical methods of protec- 
tion are in general use. One is the application of a paint 
alone, and the other that of a combination of a protective liquid 
coating with a fibrous wrapping material. Various paints and 
compounds are recommended by manufacturers and a number are 
being tried, but field application in any case requires a thorough 
preparation of the surface to be covered, and the application 
of the protection may be difficult due to necessary haste and 
weather conditions. 

In order to do away with most of the field work, some of this 
coating is now done at the mill or at a point of distribution near 
the proposed pipe line where the pipe is unloaded from cars and 
temporarily stored. A satisfactory coating must be water-tight 
and have a certain amount of mechanical strength, on account of 
the handling of the pipe, and at the same time it must be resistant 
to the chemicals in the soil, which vary in character in different 
localities. 

A series of soil-corrosion tests has been run by the Bureau of 
Standards during a number of years past, and it is planned that 
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a report thereof in the form of a paper will be presented at the 
Annual Meeting of the A.P.I. 

As regards equipment in refineries, the aim is to obtain protec- 
tion against corrosion by using materials which are not too ex- 
pensive and which will extend their life in proportion to that of 
the whole equipment so that shutdown periods will not be longer 
than the normal time permitted for cleaning when replacement 
of corroded parts is made. 

In the case of distillation apparatus the great difficulty seems to 
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be that the combination of temperature and pressure at which 
corrosion takes place also has an effect on the strength of cor- 
rosion-resisting alloys. The chromium alloys for this purpose are 
very expensive, and the results obtained in experimental in- 
stallations are not by any means uniform. It is not the purpose 
here to refer to all refining conditions where various types of 
corrosion-resisting metals, protective coatings, and neutralizers 
have been tried during the past year; suffice it to say that, in 
general, coatings are not of permanent value, particularly where 
the materials coated will be subjected to mechanical manipulation 
afterward. 
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The problem is metallurgical as well as chemical, but at least 
progress is being made in solving the difficulties. It is expected 
that the progress report of the A.P.I. Corrosion Committee will 
be available early in 1929. 

In connection with progress in the Petroleum Industry, one 
should not overlook the opportunities for young graduate en- 
gineers, particularly those with mechanical and chemical 
training. 

For every technically trained engineer in the industry twenty- 
five years ago there are now fifty with similar training and who, 
on the average, possess a more extensive practical knowledge 
and a broader viewpoint as a result of the rapid growth of en- 
gineering knowledge during that period, both in theory and its 
practical application. 

While a similar statement might be made for the railroad in- 


dustry of the United States, which compared with the petroleum 
industry has twice the valuation, or for the steel industry for 
which the valuation claimed is about half that of the petroleum 
industry, it cannot be said that the processes of production, 
manufacture, or operation and distribution have been so recently 
and completely revolutionized in these other two large industries 
as in the petroleum industry. 

The great accumulation of experience and the knowledge based 
thereon that has been gained in the past is now being successfully 
applied as never before. And the cooperation, particularly on 
common problems, between the various branches of the petroleum 
industry through established forums promises a widespread in- 
fluence for the betterment of the entire nation. 


WaLTeR Samans, Chairman 
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The Occurrence and Elimination of Surge or 
Oscillating Pressures in Discharge Lines 
From Reciprocating Pumps 


By H. DIEDERICHS,! ITHACA, N. Y., anp W. D. POMEROY,? SENECA FALLS, N. Y. 


This paper deals first with the occurrence of surge or oscillating 
pressures in the field, in connection with the pumping of oil, result- 
ing in some cases in serious damage. It next reports upon the 
experiments carried out at Seneca Falls in order to study the phe- 
nomenon while all the conditions of operation are under definite 
control. This is followed by a study of the theory which underlies 
the occurrence, and definite recommendations are given to eliminate 
it. It is pointed out that the means at hand for doing this are two- 
fold: (a) The establishment of a proper relation between pump 
speed and length of discharge line, and (b) the use of air chambers. 
A diagram is given which shows the relation between length of line 
and the critical speed of duplex and triplex pumps, and the paper 
concludes with a discussion of air-chamber design and operation. 


1 INTRODUCTORY 


4 I NHE principal reason for undertaking this investigation is 
to inquire into the causes of the failure of pump cylinders, 
valves, and piping occurring in some of the pumping sta- 

tions used for the transportation of crude oil. The history of 

the development and the status of present practice in these 

stations have been described at-some length in a paper by N. B. 

Delavan,’ entitled “‘An Investigation into the Cause of Breakage 

in Crude-Oil Pipe-Line Transportation Systems,” and read at 

the meeting of the American Institute of Mining and Metallur- 
gical Engineers in February, 1926. Reference may also be made 
to a paper by Fred Thilenius on “Oil Engines as a Drive for 

Pipe-Line Pumps,’ published in a supplement to the June, 1926, 

issue of MecHanicat ENGINEERING. In this paper Mr. Thilen- 

ius traces the history of motive power in pipe-line stations. 

The pumping stations are from 20 to 40 miles apart, and line 
pressures up to 800 lb. per sq. in. are required. The pumps are 
usually of the duplex or triplex double-acting plunger type, 
the motive power being steam or oil engines. The pumps are 
connected on the suction side through manifolds to the tank 
farm and to the incoming discharge lines, and on the outgoing 
side through manifolds to the outgoing discharge lines. At each 
station the tanks on the suction side take care of the excess or 
deficiency that may temporarily exist in the capacities of two 
successive stations on the line. These tanks, however, cannot 
in any case act as cushioning devices either for the suction or 
discharge side of the pumps. 

It has been the practice to operate the pumps without cush- 
ioning devices, either alleviators or air chambers. In the early 
days of oil-pumping-station practice direct-acting steam pumps 
were used, followed by steam crank-and-flywheel pumps with 
light wheels. These in turn were superseded by comparatively 
small triplex pumps driven by some form of oil engine; the 
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engines were generally connected to the pumps through fairly 
long shafts and friction clutches, these acting as cushioning 
devices, and breakage was not very frequent. But with the 
introduction of Diesel engines with heavier flywheels closely 
coupled to the pump pinion, conditions have been radically 
changed. All flexibility has been taken out of the mechanism. 
In spite of that fact, as Mr. Thilenius points out, the habit of 
not using some type of cushioning device has persisted. We 
thus have ideal conditions for accidents, if surges are set up due 
to any cause. With line pressures of 500 lb. per sq. in., surge 
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Fic. Inxpicator Carps SHow1NG Errect oF THROTTLED SucTION 
(Left front cylinder, 6'/« X 24-in. duplex double-acting pump running at 
38 r.p.m.) 
pressures of 1500 lb. per sq. in. are not uncommon, and higher 
pressures still must occur, for forged or cast-steel cylinders crack 
in service, although the same cylinders have withstood static 
pressure of 3500 lb. per sq. in. on the test floor without difficulty. 
Crankpins have been sheared off, valve bodies cracked, and the 
faces of herringbone driving gears literally pounded off. In 
some cases suction valves were driven bodily down through the 
suction deck, and discharge valve seats were lifted out of the 
valve decks. 


2 Causes ASSIGNED FOR THE BREAKAGES 


It was quite natural at first to attribute these failures to 
faulty design and bad material. But an examination of actual 
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cases has shown that these cannot be the basic causes. It can 
be shown that the variation in the volume discharged, i.e., the 
pressure due to excess compression of oil in the line, cannot 
alone account for the high pressures encountered. Shocks caused 
by plungers bringing up against oil in cylinders partly filled have 
been suspected as a cause, but experiments have shown that no 
dangerous shocks result therefrom. Fig. 1 gives four cards from 
a 6'/,in. X 24-in. duplex double-acting pump, of which the first 
shows normal operation, while the next three were obtained by 
throttling the suction in an increasing degree. The third card 
shows 84 per cent pump capacity, the fourth only 50 per cent. 
There was a second pump in operation in parallel with this one, 
but there was no disturbance. The lowered discharge capacity 
rather tends to decrease the pressures. Inertia effects of the 
oil column in the suction lines, while they may be present to 
some extent in the absence of vacuum chambers, seem to be 
ruled out in these cases because the damage is practically always 
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in the cylinders or discharge lines, and where the suction valves 
are affected, the evidence is that pressures from above, not 
below, did the damage. 

This analysis leaves as the only possible source of the trouble 
unforeseen high pressures in the discharge line, and the conclu- 
sion is inescapable that they are produced by the reflection of 
elastic oscillations, set up in the first place by plunger action. 
If the pressure variations produced by these oscillations find 
no reflecting point anywhere in a long line, they die out due to 
attenuation mainly by friction, and no harm can come. If 
on the other hand the pressure variations produced by plunger 
action are reflected in any manner toward the pump from any 
point on the line, such as a sudden increase in pipe area, the 
resultant pressures will be a function of the phase relation of the 
incident and reflected pressure-wave trains. And if the line 
oscillations happen to be in phase with the pump impulses, 
resonance occurs and very high pressures may be developed, 
particularly if the liquid column breaks. In that case inertia 
effects will be added to the pressures already produced by elastic 
oscillations. In any case, the possibility of such resonance phe- 
nomena is quite sufficient to account for the conditions actually 
found. 


3 WorK IN THE FIELD 


To get some quantitative idea of what happens in the actual 
stations, Goulds Pumps, Inc., sent into the field a staff of trained 
observers with the necessary equipment of indicators, and other 
apparatus. The test arrangements will be described in some 
detail later in connection with the work on the test plant set up 
at Seneca Falls, N. Y. 

As might be expected, the conditions found in the various sta- 
tions differed considerably, depending upon the type of pumps 
used, the speed of the pumps, the arrangement of the piping, 
and the length of the lines from pumps to distributing mani- 
folds. The following diagrams show four typical conditions. 

Plant H. (Figs. 2 and 3). Fig. 3 shows a card taken from 
No. 4 pump, a 6'/;in. X 20-in. horizontal double-acting triplex 
pump at this station. The piping layout is as shown in Fig. 2 
and at the time the card of No. 4 pump was taken it was oper- 
ating in parallel with No. 3 which is a duplex double-acting 5'/,- 
in. X 20-in. pump. This station has not experienced any 
trouble because of breakages, apparently due to the nearness of 
both pumps to the manifold. The card indicates a small pressure 
swing, not over 20 Ib., sometimes four, sometimes five, and occa- 
sionally six times per revolution. The pressure variation is 
accompanied by a distinct knock, for which no cause could be 
assigned. The knock would change from one cylinder to an- 
other, the quiet cylinders not showing the pressure variation. 
Application of an air chamber did not change the conditions. 

Plant C.M. (Figs. 4 and 5). In this station tests were made 
on a 57/s-in. X 24in. triplex double-acting pump, with no other 
pump discharging into the line. The line from the pump to the 
discharge manifold is about 250 ft. long. This station could not 
be operated satisfactorily without air chambers when more 
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than one pump was in service. With air and vacuum chambesr, 
no pressure swings could be observed at the pumps. With the 
air chambers cut out, pressure swings of about 60 Ib. were ob- 
served at the pump. The pressure diagram, Fig. 5, is a close ap- 
proximation of the discharge velocity diagram of a triplex pump. 
This is more clearly shown in Fig. 5a, in which the actual pres- 
sure diagram of Fig. 5, enlarged, has been superimposed upon 
the theoretical pressure diagram of the system. The agreement 
is close. This condition is obtained in every case in which only 
one pump is pumping into the system. 

Plant M.H. (Figs. 6 and 7). This station was tested with 
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three 5-in. X 24-in. double-acting duplex pumps and one 5°/,-in. 
 24-in. triplex connected up as shown in Fig. 6. The lines from 
pumps to manifold exceed 500 ft. in length. The station has 
suffered from considerable breakage, the list including bypass 
valves, discharge pipe and fittings, gate valves on discharge 
lines, and check and relief valves. The latter two could not be 
operated at the pumps and had to be transferred to the manifold. 
Trouble was also had on the suction side, which was largely 
eliminated by putting in vacuum chambers and looping the suc- 
tion line. Fig. 7 shows the pressure card on No. 4 pump when 
all four pumps are operating. The line pressure is 675 lb. and the 
pressure swings from 310 to 1030 lb., a range of over 700 lb. 
Fig. 7a shows the theoretical pressure card for this pump super- 
imposed on the actual pressure card. 

Plant B.P. (Figs. 8 and 9). In this station tests were made 
with two 6'/,-in. X 36-in. double-acting triplex pumps. The 
lines to the manifold are of intermediate length, about 175 ft. 
(Fig. 8). The station could not be operated without some 
cushioning devices, and spring alleviators are in use. Even with 
these the pressure card, Fig. 9, shows swings of from 330 lb. to 
720 Ib. 

It will be apparent from these examples that, since no two 
stations are alike, either in the pump house or in the manifold 
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arrangements, a variety of conditions may occur. But it is 
clear that short lines to the manifolds are apt to give much less 
trouble than longer lines, and it was found in longer lines that 
much depended upon piping arrangement and relative pump 
speeds. Thus in the M.H. station (Figs. 6 and 7) the observers 
reported that the operation might be smooth for hours, until 
apparently the right phase and frequency relations, as determined 
by relative pump speeds, were established, when surges would 
be set up, resulting in the long run in breakage. And it further 
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appeared that, once the surges were established, they were main- 
tained for a considerable period even after the pumps had changed 
relative phase relations. 
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4 Work at Seneca 


It is quite apparent then that there must be certain conditions 
fulfilled in order to obtain dangerous surges. With a view to 
getting some light on the laws governing the phenomenon, test 
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pumps were erected in the yard of Goulds Pumps, Inc., at Senec 
Falls, N. Y. 
The problem, reduced to its simplest terms, is not particularly 
difficult. We are apparently dealing with a case of forced 
vibration, in which the pump impresses periodic impulses upon 
the liquid in a pipe line. As already stated, if in such a case 
the natural period of elastic oscillation of the liquid in the line, 
fundamental or harmonic, is such as to coincide with the perio- 
dicity of the impressed pump impulse or with the periodicity of 
one of the components making up the pump impulse, resonant 
conditions are said to exist and high surge pressures will be set 
up. The problem is somewhat related to that of water hammer, 
which has been covered in great detail by such authorities as 
Durand,‘ Constantinesco,® and Allievi.6 The authors acknowl- 
edge their indebtedness to all these authorities, especially the 
first-named. An investigation more directly in line is that re- 
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ported by Prof. John Goodman to the British Institution of 
Mechanical Engineers in 1903. This work was done on a single- 
acting plunger pump, and results very similar to those to be 
reported upon were obtained. An article by A. Gramberg’ has 
little application to the problem in hand, as it discusses mass 
oscillations that may occur between an air chamber and a 
pressure tank connected by a short line. We are here dealing 
with elastic, not mass, oscillations, unless the liquid column 
breaks. 

The authors also wish to express their thanks to Prof. E. H. 
Kennard of the department of physics and to Prof. F. G. Switzer 
of the department of mechanics of Cornell University for valuable 
aid in connection with the theory dealt with. To the former, in 
particular, is due most of the mathematical theory given in 
the paper. For aid in the field and at the test plant, the authors 
wish to extend their appreciation to Messrs. Charles Fitzgerald, 


4W. F. Durand, ‘“‘Hydraulics of Pipe Lines.” 

5 G. Constantinesco, “Theory of Wave Transmission.” 

*L. Allievi, ‘“Theory of Water Hammer.” 

7 A. Gramberg, “‘Wirkungsweise und Berechnung der Windkessel 
von Kolbenpumpen,” Zeitschrift des Vereines deutscher Ingenieure, 
May 27, 1911. 


of the Pure Oil Pipe Line Company of Texas, C. M. Rosebrugh, 
of the Gulf Pipe Line Company, H. M. Stevenson, of the Humble 
Pipe Line Company, J. J. Stines, of the Prairie Pipe Line Com- 
pany, and John Mann, chief engineer of Goulds Pumps, Inc. 
Prof. W. F. Durand has been kind enough to read the paper in 
manuscript. 


5 Tue Test PLAN AND THE TEST PLANT 


Conditions in the actual stations, usually with several pumps 
running at various and varying speeds, are naturally very com- 
plex and are not very easily analyzed. It was hoped, therefore, 
that experiments on single-cylinder, single-acting pumps might 
serve to bring out some simple relations, by means of which it 
might be possible to explain the more complex conditions in 
the actual plant, and especially to suggest remedies in case of 
need, It may be stated here that this expectation was largely 
realized, but the final fact also stands out that the only real 
remedy against the occurrence of surges in a plant is to provide 
each pump with an adequate air chamber properly placed. 
That there are some objections to this solution of the problem is 
quite true, but these will be discussed in their proper place. 

The experimental work on pumps at the works of Goulds 
Pumps, Inc., covered a period of approximately a year, during 
which tests were made on pumps of several different sizes con- 
nected to suction and discharge lines of various sizes and lengths. 
It is not possible within the scope of this paper to present any- 
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thing more than typical examples of the pressure-variation dia- 
grams obtained. It is, fortunately, not necessary to present more 
of these than enough to verify experimentally the laws of pressure 
variation as established by theory. This work of verification is 
confined to the test work done on two of the larger pumps 
{Pars. (b) and (c) below]. The work done on the smaller pumps 
is not so susceptible to analysis, and is reported upon here mainly 
to show how complex the phenomena may become [Pars. (a) 
and (e)]. 

The work reported upon in the following paragraphs may be 
listed as follows: 

(a) Preliminary work on a 2-in. X 1'/s-in. single-acting pump, 
connected to a */,-in. discharge line. 

(b) Work on a 4in. X 12-in. single-acting pump, connected 
to about 1100 ft. of 2'/.-in. discharge line. 

(c) Working on a 2"%/jin. X 12-in. double-acting pump, 
connected to the same discharge line used in (6). 

(d) Work done on a 2-in. X 1'/;-in. pump connected to the 
same discharge line used in (0). 

(e) Observers in the above work and in the field had noted 
that there were occasionally conditions when the surges were 
very severe, and it was suspected that actual column breakage 
with impact upon reuniting might account for these occurrences. 
To prove whether column breakage actually occurs, a small 
2-in. X 1'/;-in. pump was set up with about 185 ft. of 1'/,in. 
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The pump used under (b) in the experiments was one cylinder 
of a standard four-cylinder (duplex double-acting) 4-in. < 12-in. 
pump, Fig. 10. The pinion shaft was extended through a flexible 
coupling and carried a 4650-lb. flywheel on which ran the driving 
belt. The gear reduction was 5.66 to 1. The suction pipe 
consisted of 22.5 ft. of 3-in. pipe fitted with a vacuum chamber 
and cut-off gate at the pump. This pipe dipped into a suction 
tank at ground level, making the suction lift about 2 ft. including 
friction. Later this line was increased to 107 ft. While cards 
were taken on the suction pipe near the pump, they show no 
notable surges on the suction side even with the vacuum chamber 
cut off, and no further consideration is given to this side of the 
pump in question in the present paper. The discharge line con- 
sisted of 2'/;-in. pipe, at first 702 ft. long, then 390 ft., then 954 ft., 
and finally 1117 ft. 5 in. long to the flange on the tank at the 
end. This paper concerns itself mainly with tests made on the 
last layout. The length of 1117.4 ft. was chosen because, as 
near as could be calculated, the fundamental oscillating period 
of a line of this length and diameter is 1 sec. The entire layout 
is shown in Fig. 11. The discharge line was carefully graded 
to 0.25 per cent in order to avoid air pockets. The legends on 
Fig. 11 show what the test equipment was and where it was 
attached. In addition to the hydraulic indicators mentioned 
there was a third indicator in the pump house about 4 ft. from 
the discharge flange of the pump, a fourth on the suction line 
near the pump, and a fifth connected to the pump cylinder. 
The word “reflector” in Fig. 11 represents the location of a device 
tried for the purpose of breaking up surges. Special reference 
will be made later to the tests in which the reflector was used. 
As to test apparatus, only the hydraulic indicator and the 
valve-lift indicator deserve some description. Fig. 12 shows that 
the former consists essentially of the ordinary hydraulic indi- 
cator, except that the drum B is shunted out and a revolving drum 
A having a diameter of about 15 in. substituted for it. This 
drum is operated by a phonograph motor generally at the rate 
of about 6 r.p.m. This rate, however, need not be definitely 
known, for time is recorded by a pencil in control of an electro- 
magnet E which is in circuit with a clock, and half-second time 
signals are marked. The pencil C makes the strokes record, 
the electromagnet controlling it being in circuit with a com- 
mutator on the pump shaft, so that the beginning of suction 
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discharge line and suction lines of two different lengths and 
Column breakage actually occurred, as will appear later. 
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and of discharge stroke is clearly indicated. The third electro- 
magnet D seen in Fig. 12 is in circuit with a switch, so that 
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when the circuit is closed the pressure-recording pencil is in 
contact with the paper on the drum. The stroke pencil and the 
pressure-recording pencil are mounted directly over each other, 
so that the reference is made by dropping a perpendicular from 
the stroke record to the atmospheric line. The particular indi- 
cator shown is the one attached to the discharge line in the 
pump house, at what will be called station D.L.-I. The other 
indicators on the discharge line, half-way out (station D.L.-II.), 
and at the flange of the tank at the end of the line (station D.L.- 
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III), were equipped in a similar way with stroke signal and pres- 
sure record, all controlled from station D.L.-I., but it was un- 
necessary to record time signals since the stroke records permitted 
of time determinations by tying back to the time record at station 
D.L.-I. To take care of the expected heavy pressures the dis- 
charge line indicators were fitted with pistons having areas of 
1/~ sq. in. Fig. 13 shows at A the indicator at station D.L.-I, 
at D the indicator for cylinder pressures, and at B and C two 
recorders used to indicate suction- and discharge-valve action, 
respectively. These again consist essentially of ordinary steam- 
engine or hydraulic indicators. In this adaptation the valve 
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covers were drilled and guided rods placed in contact with the 
pump valves and with the underside of the indicator piston. 


Fie. 13) Vatve Lirt INpicaTors on DiscHarGE LINE 


Fie. 14 ARRANGEMENTS AT OvTER Enp or DiscHarGE LINE 


The valve lift then actuated the pencil, and this was recorded 
in a 6 to 1 magnification upon the revolving drum. Although 
springs as light as 10 Ib. per in. were used in the indicator and 
small drill rod '/, in. in diameter and 18 in. long was used to 
communicate the lift of the valve to the indicator, this all en- 
tailed weight, but considering the net valve area as 9.85 sq. in., 
it is believed that the actual valve lift recorded differs only slightly 
from the valve action in the normal pump. The record on the 
drum consists of the valve-lift line and the stroke record, both 
pencils being controlled by electromagnets. 

The paper used on the indicator drums was of the metallic 
type, sensitized presumably with zine oxide. The metallic 
indicator points reduced friction to a minimum. The operation 
of the indicators must in general be pronounced satisfactory. 
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The only difficulty found was that the pencils did not record 
accurately the lower pressures, especially those below atmos- 
phere. The latter, however, is not so surpising when it is con- 
sidered that springs with scales of 800 and 1000 Ib. had to be 
used. A 10-lb. vacuum with a 1000-lb. spring represents only 
‘/io¢ in. on the cards. Records taken with blocked light springs 
and the readings of the vacuum gages on the line clearly proved 
that vacuum as high as 21 ft. of water existed during the surges. 

The rest of the test apparatus in the pump house consisted 
of the usual speed indicators and electric meters to measure 
power input. Fig. 13 also shows the discharge-line air chamber, 
and just above the drum B the wheel of the gate, by means of 
which the air chamber could be connected or disconnected as 
desired. 

The outer end of the line was connected to a vertical tank 
20 ft. high, made of 10-in. pipe capped at the top. The */,in. 
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discharge pipe from this tank led off near the bottom. This 
line was fitted with control valves so that any desired pressure 
could be maintained, and discharged through a calibrated nozzle. 
The tank was fitted with pressure gages, gage glass, and air- 
charging device, so that the water level could be maintained at 
any desired level. Fig. 14 shows the arrangements at the 
outer end of the line. The discharge from the nozzle was prac- 
tically constant under all conditions of surge in the line. Fig. 15 
shows an interesting demonstration of the extremes of the pres- 
sures during the time the line is in surge. The gages were con- 
nected at the point A of Fig. 11, double check valves being used 
so that only maxima and minima at one point in the line could 
be indicated. The swing appears to be from 1250 Ib. maxi- 
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385 lb. The impulse as yet occurs regularly every power stroke. 
Raising the speed from 256-264 to 342-351 r.p.m., gives the 
upper card in Fig. 16, in which every other pump impulse appears 
to be suppressed. The record does not show the slightest indi- 
cation of pressure variation at these points, at least with a 600-lb. 
spring. What is equally remarkable is the fact that when this 
pump was in surge and producing the cylinder cards of the upper 
record in Fig. 16, it was pumping at three times the plunger 
displacement, while with the discharge valve out of the pump, 
the discharge reached four times the plunger displacement. 
Since no valve-opening diagrams were taken on this pump, no 
effort can be made to explain these results. It should be under- 


mum to 17 ft. of water minimum below atmosphere. 

was brought up to the critical speed desired with the air SUCTION LINE 

chamber on the discharge line, and after the line pressure 1eteemenee deena 

was adjusted to the desired value, the atmospheric- and 

discharge-pressure lines were recorded on all the drums si- | 

multaneously by depressing a switch key. The air chamber |________ 4--- 

was then cut off and the line thrown into surge, which SUCTION VALVE LIFT 

generally disturbed the speed a little. And after that was re- mt. 

adjusted, simultaneous pressure, time, stroke and valve-lift ~~ | i | 


records were taken, in some cases the discharge being 


measured by the calibrated nozzle, and the power input — CYLINDER 
observed. 
6 Test Resutts—Typicat DIAGRAMS — | j MAK rt 
(a) As stated, the first experimental work was done on a DISCHARGE VALVE LIFT 
2-in. X 1'/s-in. single-acting plunger pump, driven by a */,-hp. 
STIRONE BERING ySUCTION STROKE BEGINS — | ay j 
\ OnE 


| 

INDICATOR BETWEEN VALVES— VALVES IN PUMP WITH SMALL FLYWHEEL 

NO AIR CHAMBER PUMP 342-351-TANK PRESSURE 5S0LBS-600LB SPRING 

DRUM RPM 


PEWCIL DIRECTION 


INDICATOR BETWEEN VALVES— VALVES IN PUMP WITH SMALL FLYWHEEL 
NO AIR CHAMBER— PUMP R.PM. 256-264-TANK PRESSURE SOLBS-600LB SPRING 
DRUM RPM 


DISCHARGE STROKE BEGINS SUCTION STROKE BEGINS 
PENCIL DIRECTION BS 


INDICATOR BETWEEN VALVES — VALVES IN PUMP WITH SMALL FLYWHEEL 
AIR CHAMBER ON PUMP— PUMP 296—TANK PRESSURE 501BS—600LB. SPRING 
DRUM RPM 


Fie. 16 CyLinper Carps From 2 X 1!/s-In. SinGLE-AcTING 
Pump First ExPERIMENTED WITH 


motor and with considerable flywheel effect in the drive. The 
5/,-in. discharge line was about 50 ft. long and ended in a 30 gal. 
tank in which 50 lb. pressure was maintained. Fig. 16 shows 
three cylinder cards, introduced here only for the purpose of 
showing how complex the phenomena may be. The lower line 
shows the normal cylinder card, with air chamber in action, 
pumping against a tank pressure of 50 lb. at 296 r.p.m. With 
the air chamber waterlogged and a speed slightly slower, the 
middle line is obtained, in which the maximum pressure is 


Fic. 17 Pressure Recorps, 4 X 12-In. Pump 


Operating conditions: Discharge line, 1117.4 ft. long, 2'/:-in. pipe; 
suction line, 22.5 ft. long, 3-in. pipe; r.p.m. of pump, 30.0; tank pressure 
constant at 500 Ib. 

Capacity at 30 r.p.m.: displacement, 19.5 g.p.m.; discharge with air 
chamber, 17.5 g.p.m.; discharge without air chamber, 16.0 g.p.m. 

Power (approx.): normal, 52 amp., 137 volts; in surge, 57 amp., 140 volts. 

Springs: suction, 10 lb.; cylinder and discharge line, 1000 Ib. 


stood that for all three cards the tank pressure was maintained 
at 50 lb. per sq. in. 

(b) Typical diagrams from the 4in. X 12-in. single-acting 
pump, with 1117.4 ft. of 2'/:-in. discharge line ending in a tank, 
and 23.7 ft. of 3-in. suction line, are given in Figs. 17, 18, and 19. 
The main results from these cards may be summarized as follows: 


Line pressure Max. surge Ratio of 
with air pressure Capacity, gal. surge 
chamber, recorded, per min. discharge 


Fig. lb. per Speed, lb. per Normal Surge to normal 
No. sq.in. r.p.m. sq.in. discharge discharge discharge 


17 500 30 920 17.5 16.0 0.92 
18 500 45 1160 25.5 24.5 0.96 
19 500 60 1570 37.0 51.5 1.39 
20 500 60 630 35.5 40.5 1.14 


In studying these cards and figures, it should be kept in mind 
that the fundamental oscillation period of the line 1117.4 ft. 
long is 1 sec., i.e., a compressional impulse originating at the 
pump at a given instant of time travels down the line and is 
reflected and arrives at the pump as a rarefactional impulse 
1/; sec. later; this wave is again reflected from the pump and 
travels back down the line and is reflected as a compressional im- 
pulse arriving at the pump exactly 1 sec. after it originated as a 
compressional impulse. At 60 r.p.m. the reflected compressional 
impulse meets another compressional impulse just originating, 
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and the two impulses add together. Hence the surge condition 
is magnified if the single-acting pump runs at this speed. See 
Fig. 19. Sixty revolutions per minute will be called resonance 
speed for this pump and line. As will be shown later, in dis- 


the discharge-line cards in the same figures. The explanation 
is that the indicator pistons all suck in a slight amount of air 
when the pressure in the line during surge is below atmosphere. 
With three indicators there is enough of this inleakage to make a 

material reduction in the severity of the surge condi- 


f ] | tions. 

SUCTION LINE bers are installed on lines. It has been noticed there 
bo SUCTION ofe Dist that even before the chambers are properly charged, 
[| the small amount of air compressed in the top of the 
chamber has a very marked effect on quieting discharge- 

Se Cae are Cards were taken for discharge lines of lengths shorter 
=. than 1117 ft., but it will hardly be necessary to show 
any of them as they merely represent intermediate, and 
= very complex, conditions. In this connection the action 
CYLINDER of larger volumes of the liquid interposed at some point 
in the length of the line is of passing interest. The 
— — f Fac ra en enlargement in the line was produced by the inter- 
- position of a piece of 10-in. pipe 18 ft. 8 in. long, with 
connections as shown in Fig. 21. In the figure this is 


DISCHARGE VALVE LIFT 


called a “‘reflector,”’ although this is hardly a proper 


f ] ] fname forit. This contrivance was put into the 1117.4-ft. 

fi line, 71.75 ft. from the pump. The result is shown 
in Fig. 22. Apparently what happens is that the “re- 
flector” acts as a reservoir of energy: the liquid in the 


Fic. 18 Pressure Recorps, 4 X 12-In. Sincie-CyLinpER Pump 
Operating conditions: discharge line, 1117.4 ft. long, 2'/2-in. pipe; suction line, 22.5 


ft. long, 3-in. pipe; r.p.m. of pump, 45; tank pressure constant at 500 b. 


Capacity at 45 r.p.m.: displacement, 39.2 _g§-p.m. ; discharge with air chamber, 25.5 


g-p.m.; discharge without air chamber, 24.5 g-p.m 
Power (approx.): normal, 58 amp., 190 volts; in surge, 68 amp., 183 volts. 
Springs: suction, 10 Ib.; cy linder and discharge line, 1000 Ib. 


cussing the theory applying to this case, resonance con- 
ditions occur at 60 r.p.m. or odd multiples of 60, while the 
line should be quiet for even multiples. At 30r.p.m. there 
is a plunger impulse every two seconds, hence only every 
other reflected compression wave is reinforced by plunger 
impulse, and the card should show a marked impulse in 
the power stroke, and merely a wave reflection in the suc- 
tion stroke. This is more clearly brought out in Fig. 23, 
lower card, than it is in Fig. 17. For 45 r.p.m., Fig. 18 
shows more complex conditions. 


The maximum surge pressure for the resonance speed 


“reflector” is compressed on each power stroke of the 
pump, to reexpand on the suction stroke, thus greatly 
reducing both the outgoing and reflected impulse. As a 
matter of fact, give the “reflector” sufficient volume and 
it would function as an air chamber. 


of 60 r.p.m. is more than three times the normal line 
pressure and is accompanied by a large negative slip. 
That this exists is evidenced by the fact that the dis- -\| 
charge valve in Fig. 19 is open practically 80 per cent 


of the entire suction stroke, the water apparently being 
drawn through the pump by the under pressure produced 
in the discharge line by the surge. 

Figs. 17-19 show typical diagrams out of a large 
number obtained, and bring out clearly the dangerous con- 
ditions that may be set up by the absence of an air cham- 
ber. With an air chamber on the line, the normal pressure 
in each case shows absolutely steady conditions. With the 
line in surge, it became necessary to anchor the line heavily 22.5 ft. 
at points along the length. In spite of that fact, air- 
chamber flange packings were blown out a number of 
times, and one minor accident came about by the blowing 
off of the bonnet of the air-chamber cut-off valve. 

In this connection it is remarkable how little air is required 
to quiet the line down materially. With three indicators on the 
line, for instance, as in Fig. 20, the diagrams indicate much 
quieter operation in surge in spite of the fact that speed and 
normal pressure conditions are the same as in Fig. 19. Compare 
the values for Fig. 19 and Fig. 20 in the preceding table and 


SUCTION LINE 
— 
SUCTION VALVE LIFT 
Time 
CYUNDER 
DISCHARGE VALYE LIFT 
NORMAL PRESSURE 
one secon 


Fie. 19 Pressure Recorps, 4 X 12-In. Pump 
Operating conditions: discharge line, 1117.4 ft. long, 2'/2-in. pipe; suction line, 


long, 3-in. pipe; r.p.m. of pump, 60; tank pressure constant at 500 Ib. 


Capacity at 60 r.p.m.: displacement, 39.0 g.p.m.; discharge with air chamber, 
37.0 g.p.m.; discharge without air chamber, 51.5 g.p.m. 

Power (approx.): normal, 70 amp., 229 volts; in surge, 120 amp., 225 volts. 

Springs: suction, 10 lb.; cylinder and discharge line, 1000 Ib. 


Fig. 23 shows in a convincing manner the “resonance” con- 
dition that ensues when the speed of the pump is in phase with 
the wave reflections from the outer end of the line. At 60 r.p.m. 
there is a single impulse per revolution, pump impulse and re- 
flected wave apparently falling together. At 30 r.p.m. there are 
two impulses per revolution, the one in the power stroke repre- 
senting the pump impulse plus the reflected compression wave, 
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the one occurring in the suction stroke, when the discharge valve 
is closed, being produced by the reflected wave only. 

It has been pointed out that none of the pressure-record lines 
go down to the atmospheric line or below it, as they should, for 
vacua clearly occur in the line and in the pump. The answer 
to this is that the heavy 1000-lb. springs used apparently do not 
indicate correctly at the low pressures. This is clearly shown 
in Fig. 24, in which line 2 represents a cylinder card taken with 
a 1000-lb. spring, while the next lower diagram, 2A, taken for 
exactly the same conditions, shows the pressures taken with an 
80-lb. spring blocked off. This clearly indicates vacuum. For 
the reason that these heavy springs do not follow the real pres- 
sures, in the lower range, no corrections are applied to any of the 
pressure readings, none of the springs showing any considerable 
error on static calibration. 

(c) Diagrams from the 2!%/j-in. X 12-in. double-acting 
pump. This pump has the same capacity per revolution as the 
4-in. X 12-in. single-acting pump. Since the length of the 
discharge line is not changed, leaving the oscillation period of the 
line 1 sec., and since this pump produces two pressure impulses 
per revolution, the resonance speeds will be 30 r.p.m., or any odd 
multiple of 30, while at any even multiple of 30, such as 60 r.p.m., 
the line should remain quiet without the air chamber. Figs. 
25 and 26 show pressure cards for speeds of 30.4 and 60 r.p.m., 
respectively. The discharge line in each case is 1117.4 ft. long, 
while the suction line has been lengthened to 106.75 ft. A con- 
stant tank pressure of 500 lb. is maintained. Fig. 25 shows 
clearly that the surges are in the nature of standing waves, that is, 
that the final result is produced by the interference of direct 
and reflected waves. The cards taken at the middle of the line 
show a reduced pressure swing as compared with those at the 
pump, while the tank-end cards show only what appear like 
accidental variations. Apparently the pressure variations along 
the line are similar to those of an organ pipe, with a point of 
zero pressure swing at the tank end and a point of maximum 
swing at the pump. Fig. 26 does not show so clearly the fact 
that a speed of 60 r.p.m. in this case should fail to produce surges. 
There is for some reason considerable variation. Theory, how- 
ever, shows that a compression impulse starting at the pump 
should travel down the line and be reflected as a rarefaction arriv- 
ing at the pump exactly half a second later. For this double- 
acting pump at this speed the reflected wave meets a com- 
pressional impulse at the pump, and since these two impulses 
have the opposite sign, the net pressure swing is zero. We 
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impressed impulse and the reflected impulse do not exactly bal- 
ance each other. 


SUCTION UNE 
SUCTION VALVE LIFT 
TIME 


CYLINDER 


LA LA | 


DISCHARGE VALYE LIFT 
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DISCHARGE LINE 
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Fic. 20 Pressure Recorps, 4 X 12-In. Pump 


Operating conditions: discharge line; to Station I, 4.2 ft.; to Station 
II, 526.3 ft.; to Station III, 1105.7 ft.; full length, 1117.4 ft., 21/:-in. pipe; 
—- a "21.8 ft., 3-in. pipe; r.p.m. of pump, 60; tank pressure constant 
at b 

Capacity at 60 r.p.m.: displacement, 39.0 g.p.m.; discharge with air 
chamber, 35.5 g.p.m.; discharge without air chamber, 40.5 g.p.m. 

Power: not taken. 

Springs: suction, 80 Ib.; at all discharge-line stations, 1000 Ib. 
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POR see 020 7 
| | | | 
| 0327 Sec 
/ Sec. = 333° 
DISCHARGE LINE AT PUMP 60 Ram Time Wave « 71.75 x4 
WITH REFLECTOR Lb Tank Pressure 
= 00653 Sec. 
| Max. Pressure 


DISCHARGE LINE AT PUMP 588 Ram 


NO REFLECTOR 


500 Lb Tank Pressure 


Fic. 22 SHowine Errects or Intropucine REFLECTOR IN LINE 


should therefore expect the line to be quiet at this speed, and 
that the card fails to show this is probably due to the fact that 
the speed adjustment must be exactly right, and that the atten- 
uation by friction decreases the reflected surges, so that the 


If a line 1117.4 ft. long is in resonance with a single-acting 
pump running at 60 r.p.m. a line one-half this length should be 
in resonance with a double-acting pump running at the same 
speed. This is clearly seen when Figs. 19 and 27 are compared. 
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Note again that we have a standing wave, since the tank end 
of the line is practically quiet. 

(d) Diagrams from the 2-in. X 1'/s-in. pump on the 2!/;-in. 
discharge line 1117.4 ft. long. The main purpose of this work 
was to produce oscillations in the line of such magnitude that 
the pump could be run at speeds up to 600 r.p.m. without pro- 
ducing dangerous conditions. This gave a better opportunity to 
bring out the underlying principles. The pump being single- 
acting with a line having a length of approximately a quarter of 
the speed per second of sound in water, the resonance speeds 
are again 60 r.p.m., or any odd multiple of 60, while at even 
multiples of 60 the line should be quiet. That this is approxi- 
mately so, within the error involved in speed measurement 
and due to the inability to hold the speed exactly constant on 


the failure of the line to feed the pump, thus causing breaks on 
the discharge side. The layout is shown in Fig. 29. This scheme 
failed, as might have been expected, the result being that the 
inertia of the long column once in motion in the suction line 
caused inertia effects great enough to punch open the suction 
valves when the surges on the discharge side produced low pres- 
sure; thus both valves would be open simultaneously, the 
pump simply fanning the water through. In this way column 
break was prevented. Next the authors tried a short suction 
line, 14 ft. 7 in. of */<-in. pipe with a valve, for the purpose of 
throttling the suction. This gave the desired result, but it may 
be said at the outset that the observers had apparently no control 
over what would happen in the set-up. Thus with apparently 
exactly the same operating conditions surges according to Figs. 


TANK PRESSURE - 300LB. 


610 M.V.R 60 RPM. 


P 
lime 
TANK PRESSURE - 400 LB. 
P s 445-450 M.V.R. 442 RPM 
2) | 
TANK PRESSURE - 400 LB 
295-3I0MVR. 30 RPM. 
P _S | Wave =1.57" 
| / Sec Sec 4 / Sec. 
| | | 
| | Sec.e] | CL Stk | | 
| MO Lb al | —~-, | 


BB-Pressure Line with Air-Chamber 
AA-Atmaspheric Line 
PS- Power Stroke 


All Indicator Springs 1000 Lb 
All Records made on Discharge Line 


Fie. 23 SHow1nc ResoONANCE CONDITION ARISING WHEN SPEED oF Pump Is In Poase Wave REFLECTIONS 
From Outer ENp oF LINE 


account of the light flywheel used, is abundantly shown in Fig. 
28. Maximum surge conditions occur at 62, 179, 311, 442, 
and 525 r.p.m., while the line is quiet at 120, 247, 365, and 480 
r.p.m. 

(e) Experiments on a 2-in. X 1'/;-in. single-acting pump to 
investigate column breakage in the discharge line. As stated, 
this work was prompted by the fact that the previous tests occa- 
sionally showed very severe knocks. The same thing occurs in 
the field, the pressures developed being much greater than can be 
accounted for by elastic-oscillation effects, such as have been 
just described. If, on the other hand, the column should actually 


break in the discharge line, so that impact may occur on re- 
uniting, pressures to any magnitude are possible. To show the 
actual occurrence of such breakage, a 2-in. X 1'/s-in. pump 
was connected to 186 ft. 7 in. of 1'/,in. discharge line and 185 ft. 
6 in. of suction line. The underlying idea of using so long a 
suction line was that the excessive friction in it might cause 


30 or 31 might be obtained. In Fig. 30, with both air and vacuum 
chambers off the lines, the oscillations in the discharge line 
occur regularly every revolution, and the pump speed is main- 
tained fairly constant. No column breakage occurs under 
these conditions. Fig. 31, on the other hand, obtained as stated 
under apparently the same operating conditions, shows a sup- 
pression of every other oscillation in both the discharge and suc- 
tion lines, the pump speed swings through a wide range, and 
column breakage in the discharge line occurs. The fact that 
every other suction inertia effect was suppressed would argue 
that at these points suction and discharge valves are both open, 
but beyond this the authors will attempt no interpretation of 
the results in Fig. 30 or 31. It is particularly difficult to account 
for the high pressures in the suction end, for inertia effects due 
to the short column do not explain the occurrence. In the case 
of Fig. 31, in spite of flywheel weight several times that ordinarily 
used, the pump hunts, there being a noticeable retardation fol- 
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lowed by a corresponding speeding up as though the oscillations 
at times required extra energy input, and at other times acted 
positively on the pump. Other experiments have shown that a 


OPERATING CONDITIONS 


Line FF Long Pj 
Drum aA - Charts 


Capacities at 57.2 R 
Discharge with Air amber 


Constant Pressure of 450 lb Held at End of line 


1 


| 
! 


| 
3274 
DISCHARGE LINE 


| 


B 
-A 


BETWEEN VALVES IN CYLINDER- See A for Correct 
NG 


1000-LB. SPR Vacuurn Line 
ae P 
Spring 
| | ed | 
{ 
BETWEEN VALVES IN CYLINDER by 
SAME AS 2 EXCEPT 80- LB. SPRING BLOCKED 
Time j 
Ss P RY 
— 
3 | | | | | lalye 
\ \ |. 
| VALVE 
P Pp Ss 
4 | | | | | Max Litt | 
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SUCTION VALVE 
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| 


| | 


SUCTION LINE Suction ine Ft 
10-LB. SPRING Long 2$ Pipe 


AA- Atmospheric Line 

PS - Power Stroke 
On Charts 2-3-4-5 Line PS =0525 Sec. 
lime Indicated on 1 only 


Fic. 24 Pressure Recorps SHowinc Tuat 1000-Ls. Sprines 
APPARENTLY Do Nor InpicaTE CoRRECTLY aT Low PRESSURE 


pump in surge requires in general more energy than it would at 
the same speed when not in surge, but this is at least partly 
accounted for by the fact that the coefficient of discharge gen- 
erally is greater than 1.0 when a pump is in surge, causing in- 
creased pipe friction. 


Attempts to photograph the occurrences in the discharge line 
and to connect them up with simultaneous pressure indications 
were made, but were not successful. The only positive result 
after numerous attempts is some pictures of the break in the 
discharge column. To obtain these, a gage-glass fitting, with 
heavy plate glass front and back, Fig. 32, was inserted in the 
line close to the pump. The column of water thus made visible 
was illuminated by means of an are lamp through a plate of 


OPERATING CONDITIONS 
Discharge Line 74 Ft 
Suction Tine 106.75 Ft long 
Ram. of Pump 30.4 
Capacity at 304Rpm. Dsplacement 19.56 G.pm. 
Discharge with Air Chamber /9 G.p. 

Oischarge without Air Chamber G 


Constant Pressure of 500 Lb.on Tank at End of Line 


| | 
A 
62 Lb 
Sec 3.32 
| 
| | | | 
| | | 
78) Lb | 
DISCHARGE LINE AT CENTER OF LINE 931 
1000-LB. SPRING 


AY 
| | | | 
| sun | | | 


93 Lb DISCHARGE LINE AT END OF LINE 
1000-LB. SPRING 


BETWEEN VALVES-HEAD END CYLINDER 
1000-LB. SPRING 


BETWEEN ets CRANK END CYLINDER 


BB - Pressure ‘seal wi my Air Chamber 500 Lo per Sq In 
AA - Atmospheric Line 
PS - Power Stroke 


Fic. 25 Pressure Carp For 30.4-R.p.m. Dovuspie-ActTinc Pump, 
SHow1nG TuHat SurGes ARE IN THE NATURE OF STANDING WAVES 


ribbed glass, which acted as a diffuser. The complete set-up is 
shown in Fig. 33. When the pump is in surge according to Fig. 
30, pictures like those of Fig. 34 were obtained. The time of 
exposure is '/4s9 sec. With the line in surge according to Fig. 31, 
it took considerable dexterity to snap the shutter just ahead of 
the maximum pressure to get the right timing. With proper 
timing, pictures like that of Fig. 35 result. The difference be- 
tween Figs. 34 and 35 is apparent, the column being considerably 
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broken up (“rotten’’) in the latter case. That the breaking up 
is not due to air bubbles is proved by Fig. 36, for which some 
air was bled into the line. 
Column breakage is therefore proved, with the results shown 
in the following tabulation: 
In surge In surge 


without with 
Notin column column 
Pump P surge break break 
Maximum discharge pressure, lb.. 50 260 440 
Maximum suction pressure, lb.... 190 275 
Ratio of surge pressure to normal 
pressure in discharge line....... 5.2 8.8 


OPERATING CONDITIONS 
ischarae Line 1/74 Ft Ll 
Suction’ Line 106.75 FP lorie 


Rpm Pump 60 Charts Speed Skpm 


Constant Pressure of 500 Lb per Sq In. on Tank at End of Line 


DISCHARGE LINE AT PUMP — 
P 
: | | | 
| | | | 
| 625 lb | 


/70 Lb. DISCHARGE LINE AT CENTER OF LINE 
1000-LB. SPRING 


P. Ss 
| | | | 

DISCHARGE LINE AT END OF LINE 
1000-LB. SPRING 
P S 
BETWEEN VALVES-CRANK END CYLINDER 
1000-LB. SPRING 
P 
| 
| 
BETWEEN VALVES-HEAD END CYLINDER 
1000-LB SPRING 


BB- Pressure line mth Air Chamber 500 Lb per Sq In. 
AA- Atmospheric Line 
PS - Power Stroke 


Fic. 26 Pressure Carp ror 60-R.p.m. Dousie-Actine Pump 


The potential possibilities for damage by actual column 
breakage must be apparent. 


7 Conciusions From THE TEsts 


The authors believe that, partly upon the basis of the experi- 
mental work just reported, the following conclusions are justified: 
1 Without an air chamber, alleviator, or other equivalent 


device in the line near the pump, reciprocating pumps must set 
up primary pressures impulses in the discharge line. 

2 These impulses travel along the line with the speed of 
sound in the liquid in the pipe, their velocity being independent 
of the pump speed but the frequency of their generation is the 
same as that of the pump cycle. 


OPERATING CONDITIONS 
Oucrorge Ft Long 24° Pipe 
Suchen Ft Long 


OPERATING CONDITIONS 
Discharge Line $53.54 Ft Long. 23 Pipe 
Suction Line 106. 75 Ft Lang. 
Ram. of Pump 60 Speed of Charts 5Rpm 
Capacity at 60 Rpm. Displacement 38.6 Gam 
Discharge with Air Chamber 3 Gpm 
Discharge without sir Chamber 43 Gpm 
Power (Approx) 
With Ar Chamber 216 Volts 86 Amp. 
Without Air Chamber 220 Volts 390 Amp. 
Friction Load 22 Amp. 
FIGURES NOT CORRECTED FOR MOTOR EFF OR BELT LOSSES 
Constant Pressure of 500 Lb. on Tank at End of Line 
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BETWEEN VALVES-CRANK END CYLINDER 
1000-LB. SPRING 


BB- Pressure Line with Air Chamber 900 Lb. per Sq.In 
AA- Atmospheric Line 
PS - Power Stroke 


Fic. 27 Pressure Carp Haur-Lenctu DiscHarGe 
Line TO,Be 1n Resonance Wits Dovsie-Actine Pump (Com- 
PARE Fia. 22) 


3 If the"discharge line is very long, and there are no points 
of reflection, these primary impulses die out by internal and 
surface friction. 

4 If, on the other hand, there are paints of reflection, these 
impulses will be reflected, with some loss, and these reflected 
impulses may combine with the primary pressure waves, to set 
up so-called stationary pressure waves. 

5 If the timing is right, i.e., if length of line and pump speed 
are properly adjusted, the peaks of primary and reflected waves 
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may combine in maximum phase of the same sign. This is 
called the resonance condition. 

6 Adjusting the length of line, or the pump speed, or both, 
should make it possible to avoid the resonance condition. 

7 Under certain conditions the surges set up in pipe lines 
tend to break the liquid column, in which case the pressure 
effects are much more pronounced, and generally produce danger- 
ous conditions. 

8 In every installation, either experimental or in the field, 


plunger area by the average velocity of the plunger during the 
interval. In multi-cylinder pumps the volume discharged during 
a given time t may be found by determining the average velocity 
from the combined velocity diagram of the pump. It is evi- 
dent, however, that in order to have uniform discharge from a 
pump, the number of cylinder ends would have to be infinite. 
Taking as the type example the single-cylinder double-acting 
pump, Fig. 37 shows its velocity diagram, with a rod-length- 
stroke ratio of 5. The ordinates of curve BEF are proportional 
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the authors found that intelligent application of air chambers at 
the pumps absolutely prevented the setting up of surges. 


8 THeoryY APPLYING TO THE OCCURRENCE OF SURGES IN 
Pire Lines 


It is proposed to give here a very simple graphical treatment 
of the theory involved in the production of surges in the lines 
from reciprocating pumps. A mathematical treatment would be 
based upon the theory of forced or sympathetic vibrations, for 
which the reader must have recourse to the proper reference 
books—advanced textbooks on physics, particularly on sound. 
It is questionable whether such a treatment of the problem 
would be of much use, even if it were possible in connection 
with multi-cylinder pumps, several of which may, and usually 
are, in operation at one time. For this reason mathematical 
treatment is omitted, except in instances in which it is necessary 
to develop certain fundamental concepts, such as the velocity of 
propagation of a pressure impulse through a pipe line, the re- 
lation between a change in particle velocity in a pressure impulse 
and the change in pressure due to this change, the laws of re- 
flection of impulses, and the compounding of incident and re- 
flected waves into standing waves, etc. All these matters are 
discussed in an appendix to this paper, to which the reader will 
be referred at the proper time. 


9 NaTuURE oF PressuRE IMPULSES From REcIPROCATING 


The discharge of liquid from any type of reciprocating plunger 
pump varies from instant to instant, regardless of the number 
of cylinder ends working. Each plunger, during its discharge 
stroke, starts with zero velocity, the velocity increasing to a 
maximum at approximately midstroke and decreasing again to 
zero at the end of the stroke. If it were not for the variation 
introduced by finite length of rod, the plunger velocity curve 
would be a true sine curve. The volume of liquid discharged 
during a given time interval ¢ is evidently the product of the 
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to plunger velocities on the outstroke, those of FGD to plunger 
veloeities on the return stroke. Assuming uniform crank veloc- 
ity, the abscissa represents a uniform time scale. At any 
instant the volume discharged by the pump during that instant 
is proportional to the ordinate of the velocity curve measured 
above the base line BD. During any given interval of time ¢, 
the volume discharged is proportional to the area abdc. If BA 
is the mean ordinate of the areas BEF + FGD, the area BACD 
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evidently represents the volume discharged by the pump during 
one revolution, and for a given time interval ¢, the area nogp is 
proportional to the average discharge in the time ¢. Now it is 
clear that at some instants the pump is delivering more fluid 
than is represented by the average, and that at other times the 
discharge is less. Thus the area jkml represents the excess 
delivered above the average for the interval ¢ at that part of the 
stroke, while similarly area efhg is proportional to the deficiency 


inertia of the fluid column is small and the pipe friction in- 
significant. Under these conditions the volume discharged in 
time ¢ at the end of the line will be equal to the volume put 
into the line by the pump in the same time, both volumes being 
proportional to some area, like abde. And since these volumes 
are equal, it is evident that no compression can be put upon the 
liquid. 

With a long line (Fig. 39), however, conditions are very differ- 


delivered at that particular part of the stroke. It must be clear ent. During that part of the plunger stroke when the volume 
discharged is in excess of the average pump 
onions - — - er discharge, there must be pressure put upon the 
700 MV ¥ [ [ 14sec] 184 see liquid, owing to the inertia of the long column 
NO AIR CHAMBER | SORPM |326RPM, and resistance due to friction, which com- 
NO VACUUM CHAMBER | presses a part of the column from A toward 
B to a pressure higher than the average line 

pressure. Similarly, during the time that the 
zat plunger delivers less than the average flow 
fave there will be a decrease in pressure since the 
= from the pump. Thus pressure variations— 
3.8 compressions and dilations above and below 
the average line pressure—are set up at the 
pump due to the action of the plunger. 
SUCTION FROM How far down a line these periodic pressure 
TANK swings can be traced is a function of several 

250° SPRING 

SUCTION factors: the properties of the fluid and of 
the metal in the pipe, and the degree of 
20° frictional resistance. In a line of sufficient 
length there will be found a point at which 
: the pressure swings are killed by attenuation 


SPEED FAIRLY CONSTANT 


resulting from fluid and mechanical friction, 
after which the velocity will be uniform and 
equal to the average velocity corresponding 
to the pump discharge. Beyond this point 
the flow should be uniform, as indicated at 
B in Fig. 39. 

The result of the alternate compression 
and dilation of the liquid in the column at 
the pump may be shown as in Fig. 40, when 
the line AR may be taken as representing 
/ the pressure in the liquid necessary to force 

| 


the average volume through the line in time 
t. The changes in compression of the liquid 


and hence the pressure conditions are shown 
by the curve BMENFOGPD, points above the 
line AR representing pressure above normal 
for constant flow, and points below AR pres- 
sures below. An inspection of the pressure 
curve shows alternate increases and decreases 
of pressure at the pump end of the line in a 
periodic manner. 

In Fig. 41 a sine curve is superimposed on 
the curve shown in Fig. 40 and it is seen that 
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A WipE RANGE 


from this that at certain periods of the stroke, during which 
more fluid is delivered than the average, an over pressure must 
be built up in the line next to the pump, while at other times, 
when the delivery is less than the average, the pressure will be 
under the average line pressure. 

Just how these conditions affect the pressure variation in a line 
and the discharge from that line is a function of the length of 
line, as may be seen from Figs. 38 and 39. 

In Fig. 38 it is assumed that the line is short, so that the 


for the purpose of this discussion we may 
assume that the pressure conditions at the 
pump end of the line during one revolution 
of the double-acting pump vary about as a 
sine curve. We may, in effect, substitute for the double- 
acting pump a primitive type of pump consisting simply of a 
tightly fitting plunger in one end of the line, the plunger being 
operated by a simple crank, Fig. 42. Such a primitive pump 
delivers no liquid, and to maintain a certain initial or base 
pressure in the line it will be necessary to assume the other end 
of the line closed. With the crank in position 0, assume the 
pipe filled with liquid under a base pressure of such magnitude 
that the pressure will not fall to zero when the plunger is in 
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5 position 3. Under those conditions, base-line pressure will exist 
at crank positions 0 and 2, while at position 1 the pressure is 


4 above, and at position 3 it is below the base line pressure. If an 
; indicator were then connected to the face of the plunger so as to 

record the pressure variations in the liquid layer adjacent to the 
$ face, the curve of Fig. 43 would be obtained. Since this records 
: the variation of pressure with time at one point in the line, such a 
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curve is called a pressure-time diagram. Note the similarity 
between the curve of Fig. 43 and that of Fig. 41. 


10 PROPAGATION oF PRESSURE IMPULSES ALONG A LINE 


It is next necessary to follow the progress of a pressure impulse 
through the liquid in a pipe. The instant that, due to plunger ac- 
tion, the pressure at the face of the plunger is raised above the base 
pressure, the impulse, or wave front, travels through the liquid 
at the speed of sound in the liquid in the pipe. Let C ft. per sec. 
be the speed of propagation. The value of C depends upon the 


Figs. 34-36 Views or Water Cotumn TAKEN Wits Set-Up or 
Fie. 33 


4 
fe 
os 

4 : 

4 


properties of the liquid and upon the metal and diameter of the 
pipe. [See Par. (b) of Appendix for values of C for water and 
for oil.) It is a simple matter to follow the progress of the 
pressure impulse down the pipe. During the time that the 
plunger, Fig. 42, moves from position 0 to position 1, the wave 
front has traveled a distance equal to '/,CT, ft., in which 
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T, is the time of one revolution of the crank. The pressure 
conditions along the length of the pipe at this instant must then 
be as shown in Fig. 44a. One-quarter of a revolution later the 
crank is at position 2, the pressure at the face of the plunger 
has returned to base pressure, and the pressure distribution in the 
line is now shown in Fig. 446. Similarly Figs. 44c and 44d show 
the conditions for the succeeding two quarter-turns. At the 
end of the revolution the wave front has traveled a distance = 
CT, ft., which is called the wave length. Since Fig. 44d shows 
the instantaneous pressure distribution along the length of the 
pipe, the curve is called a space pressure diagram. 

As the pump continues to operate sending out impulses in 
succession, the line, if long enough, will show a number of such 
waves, each of the length C7. If there were no energy losses 
due to fluid and mechanical friction, these waves would be 
maintained indefinitely along a line of any length. But since 
such energy losses are present in every case, each wave continu- 
ally loses energy, that is, amplitude, as it proceeds down the 
line, and there comes a time, as explained in connection with 
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Fig. 39, when the pressure swings die out and the line remains 
at base pressure beyond that point. This condition is shown 
graphically in Fig. 45. 

For the purpose of this discussion, however, friction will be 
neglected. The progress of any given pressure condition along 
the line may then be traced from Fig. 46. If, at the instant 
t = 0 the pressure A exists at the plunger, then at time t = 7',/4 
this pressure has traveled to A), a distance of '/,C7, ft. down the 
line; at time 7',/2 it has reached Ay, a distance '/,C7T, down 
the line, etc. 
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11 REFLECTION OF PRESSURE IMPULSES AND THE COMBINING 
OF PRIMARY AND REFLECTED PREssuRE WavEs INTO STANDING 
WavEs 

As already pointed out, if a line is of sufficient length the 
pressure impulses naturally die out. But if, before this happens, 
there is a reflection of the pressure wave, either due to a sudden 
enlargement or sudden contraction in the line, the reflected wave 
trains combine with the incident trains, and the pressures exist- 
ing in the line are then the resultant of this combination. 

Par. (d) of the Appendix discusses in detail the laws of reflec- 
tion of pressure impulses. Briefly summarized, these laws are, 
neglecting friction: 
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a A pressure above or below the base pressure ig reflected 
from an open-ended pipe as an equal pressure below or above the 
base pressure; i.e., the reflected pressure changes sign; and 

b A pressure above or below the base pressure is reflected 
from a closed-ended pipe as an equal pressure above or below 
the base pressure; i.e., the reflected pressure is of the same 
sign as the incident pressure. 

We have the ideal case of an open-ended line when it dis- 
charges into a point of forced constant pressure, and of a closed- 
ended line when the line ends against a rigid wall, such as the 
gate of a valve. For all practical purposes, however, a line 
acts open-ended when it discharges into a line or lines of con- 
siderably greater cross-section, or when it discharges into a 
pressure tank or air chamber; and it acts as a closed-ended line 
when it discharges into a line of much smaller cross-section or 
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through a nozzle of much smaller cross-section than the line. 
The value of the reflection coefficient, i.e., the degree to which 
the reflected pressure approaches the value of the incident pres- 
sure, depends upon how nearly the end conditions approach the 
ideal cases. In what follows the reflection will be considered 
complete. See Par. (d) of the Appendix. 


Fig. 87 in the Appendix shows graphically the manner of the 
reflection of incident pressure-wave trains from open and closed 
ends. To determine what resultant pressure exists at the re- 
flecting surface, imagine that the incident train moves through 
the reflecting surface, from left to right, while the reflected train 
moves from right to left. The algebraic sum of the pressure 
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ordinates at the surface at any instant is the resultant pressure 
existing at that instant. In a similar way the resultant pres- 
sure may be determined for any point along the line, thus deter- 
mining the pressure distribution throughout the lengh of the line. 

Fig. 88 in the Appendix shows, in the heavy line, the resultant 
pressure wave produced in an open-ended line. The pressure at 
the open end A is constant, and the same condition exists at 
points C and E, respectively, '/,CT, ft. and CT, ft. from A. 
At points B and D, respectively, '/,CT, ft. and */,CT, ft. from 
A, the pressure swings from a maximum above the base pressure 
to an equal minimum below. Nodes thus exist at A, C, and £, 
and antinodes or loops at B and D. At any point between a 
node and a loop, as between A and B, the pressure swings from 
above the base pressure to below and back again, the magnitude 
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of the swing depending upon the location of the point. The 
resultant pressure wave does not appear to progress, and hence 
such a wave is called a stationary or standing wave. Such waves 
are always the result of the combination of waves traveling in 
both directions. 

Fig. 89 in the Appendix outlines in a similar way the formation 
of the standing wave for a closed-ended pipe. Note, however, 
that in this case the nodes are located at B and D, respectively, 
'\/,CT, ft. and 3/,CT, ft. from A, while the loops, or extreme 
pressure swings, are found at A, C, and E, at distances 0, !/2 
CT, ft., and CT, ft. from A. 


12 RESONANCE CONDITIONS 


Since in practically all cases the discharge line from a pump 
ends in a manifold connection or connections of larger cross- 
section, we are practically always dealing with the case of an 
open-ended pipe, and we may confine our further attention to 
that case. 

In Fig. 47, let the time of a revolution of the plunger be 7’, 
sec. as before, and at a distance '/,CT,, ft. down the line let 
there be connected an air chamber having an air volume much 
jarger than the displacement of the plunger. This arrangement 
approximates closely the ideal case of an open-ended pipe of the 
length AA;. An inspection of Fig. 88 in the Appendix shows 
that this should result in a standing wave in the pipe with a 
node at A; and a loop at A. It will next be shown how the 
condition assumed results in resonance, the pressure swing at A 
building up to dangerous values. 

In Fig. 48, horizontal distances represent time in seconds, 
vertical distances, length in feet. Draw two horizontal lines a 
distance L = '/,CT, ft. apart, the upper line marking the 
plane of the plunger, the lower the plane of the air chamber. 
On the upper line, considered as the base pressure line, draw the 
plunger impulse diagram beginning at A. In accordance with 
the progress of the wave down the line as outlined in Fig. 46, 
the pressure wave will arrive at the plane of the air chamber in 
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the position beginning at A; at a time ¢ = '/,7', sec. later. 
From the law of reflections just stated, this incident wave calls 
forth a reflected or return wave of the opposite phase, drawn 
in dotted line, and the compounding of these waves results in zero 
pressure swing at the air chamber, as indicated by the heavy full 
line. The return wave, however, travels up the line toward 
the plunger and is reflected from there as if the pipe were closed- 
ended, since the wave strikes the face of the plunger. Further, 
if the return wave arrives at the plunger in phase with the 
plunger impulse diagram, so that the maxima fall together, 
there will be a rapid building up of pressures at the plunger, and 
we are said to have resonance conditions. It is under these con- 


ditions that dangerous and destructive pressures are set up at 
the pump end of the line. 

To follow graphically the manner of this compounding, refer 
to Fig. 49. The line conditions are assumed to be the same as 
in Fig. 47. The plunger impulse is drawn at the plane of the 
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plunger as before. Keeping in mind the laws of reflection, any 
pressure A existing at the plunger arrives at A; at time ¢ = '/,7', 
sec. later. It calls forth an equal negative pressure A», neglecting 
all losses, so that the resultant at the air chamber is zero. The 
negative pressure A, travels back up the line and, arriving at 
the face of the plunger, is reflected from there as from a closed 
end, i.e., as a negative pressure of equal magnitude. But as 
A, arrives at the plunger and is reflected as Az, the action of the 
plunger has already produced in this case a negative pressure A;, 
so that the pressure proceeding from the pump end down the 
line is now Ay + A; = Ay. The total pressure at the plunger 
is always equal to the incident pressure plus the reflected pressure 
plus the pressure due to plunger action = A, + Az, + A; = 2A2 
+ A; = As. Thepressure A,reflected from the plunger, arriving 
at the air chamber in time t = '/,7', sec. later, is transformed 
into reflected pressure As. The latter arrives at the plunger 
when there is a positive pressure equal to A; existing, so that 
the pressure reflected is A; + As = Az, while the total pressure 
at the plunger is 24, + A; = As. Pressure A; next travels 
toward the air chamber, and thus the operation repeats itself. 
At the air-chamber end the incident and reflected pressures 
always cancel, thus giving as a resultant the constant base 
pressure. At the plunger the wave reflected from the air cham- 
ber is constantly in phase with the plunger action, and the 
pressure builds up with extreme rapidity. 
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Resonance thus occurs with a length of line equal to L = 
'/CT,. Fig. 50 shows the pressure-space diagram for this 
length of the line, zero pressure swing at A,, the plane of the 
air chamber, and a maximum swing at the plunger at A with 
proportionate swings at points in between. 
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13. Practricat LIMITATIONS OF THE PRESSURE SWINGS 


The diagram of Fig. 49 leaves out of account several factors 
which enter the problem in any given actual case. First the 
reflected pressures are assumed to be equal to the incident pres- 
sures, which can not be so due to fluid friction, mechanical 
friction, and reflection losses. The result of this is that, while 
the principle is not affected in the slightest, the pressure at the 
plunger will not build up as fast nor as high as indicated. 

But the principal factor limiting the magnitude of the pressure 
swing lies in the fact that, since no liquid can be put in tension 
to any considerable degree, the swings below the base pressure 
are limited to the location of the base pressure above the absolute 
zero of pressure. The actual effect of this is made clear in Fig. 
51. Here the first underswing would carry the pressure to F, 
below the absolute zero. Hence the peak of the wave is cut off 
along the line a-a, which means in turn that the peak of the 
next overswingis cut off at G. This cuttingoff of the peak is clearly 
shown in the test results. (See Fig. 27.) As long as no actual 
separation of the liquid column occurs due to the underswing, 
the maximum pressure swings are therefore in general not far 
different from 2p,,, as the tests also bear out. But there is 
always danger of column breakage, when such results as these 
shown in Figs. 30 and 31 are possible, and probable. 


14 GENERAL RELATION BETWEEN PLUNGER FREQUENCIES AND 
Lenoru or LINE FoR RESONANCE CONDITIONS 


Having shown how resonance may occur in a simple case, 
the question arises as to the general laws governing resonance. 
To arrive at thes laws, two conditions must be investigated. 

a The occurrence of resonance at fixed pump speed with 
varying length of line; and 

b The occurrence of resonance for varying pump speed with 
fixed length of line. 


The first of these is of importance in the case of plants being 
designed, in order to steer clear of such lengths of lines as will 
cause resonance with pumps of given speed; the second deter- 
mines at what speeds pumps should be run in plants already 
built in order to avoid resonance conditions. 

For the present we shall assume that we are still dealing with 
the primitive plunger pump, whose impulse diagram is the simple 
sine curve, and that the end of the line is open. 

As far as the effect of varying length of line is concerned, 
the case of resonance discussed under Art. 12 corresponds to a 
length of line L = '/,CT7',, in which 7’, is the fixed pump period 
in seconds. The pressure conditions of Fig. 50 are exactly the 
same as those existing in the length of line from A to B in Fig. 
88 in the Appendix. This figure, however, shows that a second 
pressure loop occurs at D, the length of line AD being equivalent 
to L = 3/,CT,, and if the curve were extended to the left, a 
further loop would have occurred at L = °/,CT,. Thus we 
have the rule that, if a line of given length is in resonant oscil- 
lation with a given pump period, the line will again be in oscil- 
lation with the same pump period when the length is 3, 5, 7, etc., 
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times the original length. Fig. 52 shows the pressure distribution 
along the line when, with the same pump period T’,, the line is 
three times as long as it is in Fig. 50. 

To find the relation necessary to produce resonance between 
varying pump speeds and fixed length of line, consider Fig. 53. 
If the length of line be L ft., the fundamental period of oscillation 
of the line will be Tz = 4L/C sec., if assumed open-ended. 
Any compression impulse starting down the line at time ¢ = 0, 
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will return to the pump as a rarefaction at time ¢ = '/.71, 
and will return to the pump as a compression at time ¢ = 7':, as 
shown at the right of the diagram. If now, as in case /, Fig. 
53, the pump is operated at such speed as to make the pump 
period 7’, equal to the fundamental line period 7’. = 4L/C, it is 
evident that compressions and rarefactions in pump and line 
are in synchronism, and resonance must occur. This is the 
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simple case discussed in Fig. 49. In case II, Fig. 53, thefpump 
speed is doubled, so that 27, = Tx. Here at half-time t = 
'/,T 1, a compression enters the line upon an arriving rarefaction, 
and resonance cannot occur. A similar analysis for three and 
four times the pump speed will show that resonance again occurs 
when 37, = T,. Thus we have the general rule that if a 
line of length L oscillates when the period T, of the pump speed 
is equal to 7,, the fundamental period of the line, it will again 
oscillate for odd multiples of that speed, but will remain quiet 
for even multiples. It is easier to visualize this when speaking 
of revolutions rather than periods of oscillation, and we say 
that if a line of given length oscillates when the pump speed is 
N, = 1/T, rev. per sec., it will also oscillate at pump speeds of 
7N>, etc., but will remain quiet at 2N,, 4N,, ete. 
Fig. 28 shows the experimental proof of this conclusion. 


15 Tue Up or Scurces Pump Lines 
DiscHarGinG Into MANIFOLDS 


This discussion has so far been limited to the case in which 
the line discharges into an air chamber at the end, thus estab- 
lishing without question the condition of an open-ended line. 
In the actual plants the lines discharge into manifolds, from 
which in turn the outgoing lines to the next pumping station 
in the system lead off. The most common condition is that the 
discharge lines from the various pumps to the manifolds are of 
about equal length. A pressure impulse from one pump may 
travel down the line to the manifold, through the short inter- 
connection of the manifold, and up the line toward the adjacent 


pump. The question at once arises as to where the reflecting 
point is located, and whether the point of reflection acts as an 
open or as a closed end. Since both the length of line and 
tvpe of reflecting surface are factors determining resonance 
conditions, it is of importance to know whether the reflections 
occur from the manifold, in which case we should be dealing 
with a practically open-ended condition, or whether they occur 
from the adjacent pump, which would give a closed-ended con- 
dition. 

The question is very complicated for several reasons. More 
than two pumps may be discharging into the same manifold; 
each pressure impulse from a pump loses energy as it travels 
down the line toward the manifold, and loses more of it if it is 
assumed to travel through the manifold and up to the adjacent 
pump. Finally a certain amount of the impulse energy is dis- 
sipated, in that some of it must go out with the oil through the 
outgoing lines. 

It may at once be stated that all the practical experience in 
the field leads to the conclusion that, if a pump line is in surge, 
the conditions are such that the manifold remains practically a 
point of zero pressure swing, and that lengths of line and pump 
speeds are such as to cause resonance with the connection at the 
manifold acting as an open end. The analysis of the condition 
in the M. H. station in Art. 16 (d) to follow shows this very 
clearly. 

If it is the fact that the manifold acts as an open end, the con- 
ditions of resonance outlined in Art. 14 at once apply to each 
pump separately as though the other pump were not present. 
It is interesting however, to see what the theory shows when it is 
assumed that the impulse from one pump travels through the 
short manifold cross-over and is reflected from the adjacent 
pump. We are then dealing with a line closed at both ends, 
for in actual pumps the pressure impulses either strike the plunger 
or the closed discharge valves. 
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Fig. 54 shows the theoretical conditions for two of the primitive 
pumps with a length of line L = '/,CT, and the pumps in oppo- 
site phase. Here any pressure A’ from pump No. | reaches pump 
No. 2 at a time '/,7', sec. later and it reflected in the same sense. 
It meets at pump No. 2 a pressure impulse of the same sign, and 
hence the pressure at pump No. 2 is equivalent to A’’. The 
latter is in turn reflected back toward pump No. 1 to meet 
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there '/:7', sec. later a pressure impulse of the same sign coming 
from pump No. 1. Hence resonance occurs and there is con- 
tinual building up of pressures at each pump until conditions 
shown in Fig. 51 set the limit. Half-way between the pumps, 
at the manifold connection at A, it will be seen that every 
positive impulse from one pump is canceled by a negative impulse 
coming from the other, hence the manifold is a point of zero 
pressure swing, the pressure remaining equal to the base line 
pressure. Thus in this case, each pump seems to act inde- 
pendent of the other, the manifold acts like an air chamber, 
and the laws of resonance developed in the previous paragraph 
apply. 

In Fig. 55 the impulses from the two pumps are in the same 
phase, that from pump No. 1 being always drawn in full line, 
that from pump No. 2 always in broken line. It will now be 
seen that any positive impulse A’ from pump No. | arrives at 
pump No. 2, '/27', sec. later in phase with a negative impulse A” 
from pump No. 2. Hence there is cancellation and no surge 
builds up at pump No. 2. The same reasoning shows also that 
no surge can build up at pump No. 1. At both pumps the 
pressure remains constant at the base line pressure. Midway of 
the line, at the manifold connection A,, an analysis will show 
that there is a surge condition but that the maximum surge 
cannot exceed in theory double the pressure variation in the 
pump cycle. 

Turning to actual pumps, the velocity change in the diagram 
for a duplex double-acting pump with cranks at 90 deg., Fig. 
58, is, for a 5-in. X 24in. pump running at 36 r.p.m., and con- 
nected to a 6-in. line, approximately 1.5ft. For a triplex double- 
acting pump of the same size and speed, the velocity change is 


TIME im SEC 


Fic. 56 Imputse Wave From SinGie-Actine Pump 


approximately 1.2 ft. (See Fig. 59.) From Par. (c) of the 
Appendix, it appears that these velocity changes, if oil is the 
liquid pumped, produced pressure changes of only 67.5 and 45 lb., 
respectively. Hence the maximum swing at the manifold can 
not in theory exceed from 90 to 135 lb., depending upon the type 
of pump used. There is no question that in the actual case 
the pressure variations are considerably cut down by friction 
losses, with the net result that with the pumps in phase as in 


Fie. 57 Imputse Wave From Pump 


Fig. 55, the whole system should remain quiet. In the tests 
made in the field, 1000-lb. springs were used in the indicators 
connected to the manifolds, in anticipation of surge conditions. 
The small pressure swings that may have occurred at the mani- 
folds with the pump in phase were not noticeable. 

The net result of this analysis, as far as it concerns the action 
of pump connected to manifolds, would seem to be as follows: 
(a) With pumps in opposite phase, the lines are in surge and the 
manifold quiet if the lengths of the lines to the manifold are right 
for resonance; (b) with pumps in the same phase, the lines are 
quiet and the manifold practically quiet. The further con- 
clusion would seem to follow that, if two adjacent pumps are not 
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running at quite the same speed, so that they are in phase at 
one time and in opposite phase some time later, condition of 
the lines should vary from surge to quietness and back again 
through a regular cycle whose period is a function of the differ- 
ence in the pump speeds. ° 

The authors have not been able to verify this conclusion in 
any actual case. The diagram, Fig. 66, taken at the M. H. 
Station, with one pump running at 35.2 r.p.m. and the other 
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at 32.6 r.p.m., has not shown this variation from surge con- 
dition to a quiet condition, although there was a considerable 
phase shift. The theoretical reason for this may possibly be 
found in the general equation for the amplitude of forced vibra- 
tions. According to Capstick® we have 


F 
V (P? — N2)?+4K*N? 


in which A is the amplitude of the vibration, which is a measure 
of the pressure, F the impressed force, P the frequency of the 
free vibrations of the line, N the frequency of the impressed 
force, and K a damping factor. 

Analysis of this equation shows that A is a maximum when 
N = P and when K is small. Then the period of the impressed 
force is the same as the free period of the line, and we have 
resonance conditions. In order to have no pressure swing, 
i.e., to have A = 0, we must have the denominator on the right- 
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hand side of the equation equal to infinity, since F is constant for 
the same pump speeds. This requires either that K, the damping 
factor, be infinite, or that the difference P? — N? be infinite, or 
both. We know, of course, that infinite friction would kill 
the oscillations, but to have P? — N? infinite would mean that 
P must be infinitely great, since N, the pump frequency, is gener- 
ally finite. This in turn means a short line, and we revert then 
to the conditions of Fig. 38, in which no elastic oscillations are 
possible. The general conclusion is that if the lines are once set 
into oscillation, the latter is likely to be maintained even if the 
pumps shift phase. 

The equation also shows that there may be oscillations of 
considerable magnitude in the line even if resonance conditions 
are not exactly met, for if the difference between P and N is small, 
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graphical method, of restricted scope but serving the purpose 
well enough, will be used. Once the components of a given 
complex pump-impulse diagram are known, it is a very simple 
matter, upon the basis of the laws developed, to determine 
whether any of them are likely to cause resonance conditions in 
connection with a line of given length. 

The concrete cases to be examined are four, two applying to 
the Seneca Falls test pump, single-cylinder, single- and double- 
acting, and two applying to work done in the field, the double- 
acting duplex pump with cranks at 90 deg., and the double- 
acting triplex with cranks at 120 deg. 

Ca-e of the Single-Acting, Single-Cylinder Pump.—The pres- 
sure-impulse diagram from this pump follows in shape the piston 
velocity diagram for the discharge stroke, followed by a constant 
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the amplitude A may still be considerable, although the oscil- 
lation will not have the magnitude defined by N = P. 

As far as the application of this discussion to the case of the 
actual pumps in a plant is concerned, the authors feel that, in 
making a prediction of whether or not surges may be set up with 
pumps of a given type and given lengths of line to manifolds, 
the analysis may safely be based upon the assumption that the 
length of line concerned 18s that from pump to manifold, and that 
the manifold connection acts like an air chamber or like an open 
end, 
16 OccuRRENCE OF SurGES Pressure IMPULSES FROM 

REcIPROCATING Pumps 
We have so far discussed the theory only with reference to the 
primitive pump of Fig. 47, which gave an impulse following the 
simple sine law. Actual pumps give very different impulse 
diagrams, as may be seen from Figs. 56-59. Each of these 
diagrams may, however, be considered as being made up of 
simple sine or cosine curves of various amplitudes, periods, and 
phase relations. By means of Fourier’s analysis each of these 
component impulse curves may be determined mathematically, 
but the process is involved. Instead of this a much simpler 


pressure line during the suction stroke. (Fig. 56, a, b, c,d.) It 
will be satisfactory in this general discussion to assume a rod 
of infinite length, so that the plunger velocity diagram is sym- 
metrical about the middle of the stroke and is a sine curve. 
The pressure diagram will then have the same form. If the 
pressure in the quiet line, before the pump takes a stroke, is po, 
Fig. 56, the first discharge stroke will be against the pressure 
po, but during regular operation the mean pressure in the line 
at the pump will be some pressure p», such that the area aefd 
will equal the area under bed. It will be found that pn — po = 
0.318 (p — po) = 0.318 P’. Further, the excess area gch above 
the line p,», must equal the deficiency area aegb + hfd below the 
line. The excess area gch is really a measure of the volume of 
liquid that an air chamber at the pump, if one were used, must 
take up during the discharge stroke, while the deficiency area 
is the same measure of the volume of liquid given out by the 
air chamber during the suction stroke. It follows that p, is 
the mean pressure maintained by the air chamber. In the 
absence of the air chamber, however, as is assumed here, the 
line pressure will oscillate about the line egf, producing alternate 
compressions and dilations in the liquid. 
Case of a Double-Acting Single Cylinder Pump—The pressure 


} 
3 
JOVIAL PRESSURE AT POMP 
A 
INPUSE A 
: 
\ \ ‘ 
\ ae ‘ 
' \ \ / j 
1 
; 
| 
| 
N 
4 
| 
$ 
a 4 
> 
Xe 


PETROLEUM 


impulse diagram for this is shown in Fig. 57 line abede. Drawing 
in the line fg such that the area afge is equal to the areas under 
abcde again determines the mean pressure pm during operation, 
such that Pm — po = 0.636 (p — po) = 0.636 P’. In this case 
the volume of liquid that the air chamber, wgre one used, would 
have to take up during one revolution of the pump is measured 
by the sum of the areas a’bc’ + cde’, while the volume of 
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liquid given up is measured by afa’ + c’c’c + e’ge, and the 
excess volume must be equal to deficiency. Again, then, without 
an air chamber, the pressures oscillate about the line fg. 

Case of the Double-Acting Dupler Pump, Cranks at 90 Deg.— 
The velocity diagram for this pump is shown in Fig. 58, the pres- 
sure diagram having identical form. 
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Case of the Double-Acting Tripler Pump, Cranks 120 Deg. 
A part—Fig. 59 shows the velocity, and hence pressure diagram 
for this pump. 

The successive steps in the graphical analysis to determine 
whether resonance conditions may exist, are now as follows: 

a Determine the series of periods under which the line of 
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given length will respond to resonance. As shown in Article 14, 
this series will be T,, T,/3, T,/7, ete., sec. in which 
T. = 4L/C is the fundamental period of the line. 

b Determine next graphically what line periods will build up 
the pump impulse diagram to dangerous amplitudes or pressure 
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swings This will determine a series of periods 7,, T7',/2, 
T,,/3, Tp/4, ete., sec., some of which have the property of 
causing dangerous pressure swings. 
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c Compare the members of the 7’, series with those of the 
dangerous members of the 7’, series, and if exact concordance, 
or close concordance, is found between any two members of 
these series, resonance troubles are likely to occur, in which 
case either the pump speed or the length of line must be changed, 
or an air chamber should be applied. 

The method of determining the 7’, series, as outlined under 
(b) above, is shown for one case in Fig. 60, for a double-acting 
duplex pump with cranks at 90 deg. The principle is exactly 


that of Fig. 49. The time of one revolution of the pump is 
taken as 7, sec. The length L of the line, for the example of 
Fig. 60, is so chosen that its period of oscillation is 7,/3. This 
means that any pressure aa’ existing at the pump at instant a, 
see Fig. 60, will return to the pump as a pressure of opposite 
phase at instant b, and asa pressure of the same phase at instant c. 
The time interval ab = T',/6, and interval ac = T',/3. Keeping 
these changes of sign in the reflected pressures in mind, the line 
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marked “Outgoing Impulse’’ is the resultant of pump impulses 
and reflected pressures. The ‘Total Pressures’’ at the pump is 
always the sum of pump impulse + incident pressure + re- 
flected pressure. It will be seen from Fig. 60 that the pressures 
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build up very rapidly, and that therefore the component of the Tr T1/3 T 1/5 T1/7 
pump impulse having a period of 7',/3 is present and is danger- 1.00 0.33 0.20 0.14 sec. 


ous. In a similar way drawings were made for periods of 7'p, 
T,/2, Tp/4, etc. The results are shown in Fig. 63, from which From Fig. 61, the pump-diagram components that may cause 


it is apparent that the only other really dangerous component serious oscillation have the following periods: 


has the period 7',/4. Fe T',/2 T,/3 T,/4 
In the same way the cases of the single-acting single-cylinder 1.00 0.50 0.33 0.25 sec. 

pump, Fig. 61, the double-acting single-cylinder pump, Fig. 62, 

and the double-acting triplex pump with cranks at 120 deg., — DISCHARGE —ehe-— SUCTION 

Fig. 64, have been investigated, with the results shown. The 


61 to 64, are those that are set up in theory (no friction loss) 
in the second complete revolution of the pump under consider- 
ation. The relative magnitude of the pressure swings as com- 
pared with the pressure variations in the pump cycle give some 
idea of the rapidity of building up. In every case more than | 
one component may cause resonance troubles, but it is generally ; 


types of oscillation diagrams illustrated in the four cases, Figs. 


PRESSURE 


true that those components having the higher frequencies are 

less dangerous than those of lower frequencies, because, to begin , 
with, the amplitudes are less, and friction losses therefore play a 
4 more important part. 

With the aid of this graphical analysis we may now proceed 
not only to account for the resonance conditions found in the 
Seneca Falls tests, but also explain the reasons for the pressure 
swings found in some of the field work. 
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Evidently the fundamental periods (in bold-face type) are here 
exactly in resonance, and the building up of pressures must be 
very rapid. (See Fig. 6la.) A diagram of the type of Fig. 49 
shows that the history of the pressure variations at the pump 
and at the manifold must be according to the pressure-time 
diagrams in Fig. 65. Compare this with the actual cards of 
Figs. 19 and 23(1). The pressure-space diagram, i.e., the dis- 
tribution of pressure along the length of the pipe, must be accord- 
ing to the lower diagram of Fig. 65. 

If the same pump is run at 45 r.p.m. on the same length of line, 
so that the possible line frequencies remain the same, we shall 
have 7, = 1.33 sec., and the pump component periods are then 


T> T,/2 T,/4 T,/6 
1.33 0.66 0.33 0.22 sec. 


The concordance is here between 7/3 and T,,/4, so that the 
oscillation diagra.n should show four peaks and build up only to 
medium pressures. (See Fig.61d.) Fig. 18 is not a very good check 
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FOR DOPED AND TRIPLEX PUMPS | 
SPEED OF PRESSURE WAVE 3600 70 4800 

+ + + + + + + 


1117.4 ft., tank at end of line. Taking C at 4460 ft. per sec., 
the value of 7, is again 1.00 sec., and the line frequencies are as 
for the case of the single-acting pump. 

Operating this pump at 30.4 r.p.m. makes 7’, = 1.97 
From Fig. 62, the pump-velocity-diagram components that may 
cause oscillations have periods of: 


sec. 


T,/6 
0.338 sec. 


T,/2 
0.985 


T,/4 
0.497 


The only possible concordance here is between 7T and T',/2, 
hence from Fig. 62 we expect an oscillation diagram with two 
peaks, one in the suction and the other in the discharge stroke. 
The actual card of Fig. 25 bears out this prediction. 

Operated at 60 r.p.m. makes 7, = 1.00 sec. We then have 
the following series of component for the pump: 


T,/8 
0.125 sec. 


T,,/6 
0.166 


T',/2 
0.500 


0.250 


Hence there is no real or ap- 
proximate concordance with any 
of the 7, series, and the line 


ae | should remain quiet. Fig. 26 
fea 2% practically bears thisout. What 
oscillation there is, is due either 

| to the fact that the reflections 


are not perfect, or that the 7',/8 
= ().125 component may be re- 
— | acting to a slight extent with the 
- T./7 = 0.14 line period. 

as This pump was also operated 
at 60 r.p.m. with a length of line 
of 558.5 ft. Here T, = (4 X 
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558.5) /4460 = 0.50 sec. = 
1.00 see. We thus have the fol- 
lowing series: 

For the line, 
TL 
0.50 


T1/5 
0.10 


For the pump, 


T» T,/4 T,/6 T,/8 


on this analysis, probably because of the irregular action of the 
discharge valve, the effect of which is not included in the analysis. 

Operating this pump at 30 r.p.m. makes T, = 2.00 sec., and 
the pump component periods are 


T,/ 
2.00 1.00 


There is double concordance here, between 71 and 7/2, and 
between 7'./3 and T,/6. The former of these calls for an 
oscillation diagram with two peaks, Fig. 61b, the latter for one 
with six peaks, Fig. 61f. As a result, the resultant diagram 
should be quite irregular, as is checked by the actual card of 
Fig. 17. Fig. 23 (3), however, for the same operating conditions 
indicates that the 7',/2 component is the stronger, as might be 
expected, giving a typical oscillation diagram according to Fig. 
61b. 

(b) Case of the 2'%/\-in. X 12-in. Double-Acting Single- 
Cylinder Pump—Operating Conditions: Length of line L = 


T,/6 
0.33 sec. 


T,/4 
0.50 


0.50 0.25 0.166 0.125 sec. 

Here there is concordance between 7’, and 7',/2, as well as 7/3 
and T'p/6, but the former is much the stronger, hence the oscil- 
lation diagram expected will be according to Fig. 62a. The 
actual card of Fig. 27 checks this result. 

(c) Case of the 2-in. X 1'/s-in. Single-Acting Pump on the 
1117.4-ft. Line—Operation at 60 r.p.m.: In this case the pump 
should be in oscillation with a diagram showing one peak in the 
discharge stroke. See Fig. 28 at 60-62 r.p.m. Operation at 120 
r.p.m.: The possible line periods are, as before, ; 


T,/7 
0.14 sec. 


T1/5 
0.20 


TL T,/3 
1.00 0.33 


The pump velocity components, with T, = ®/120 = 0.5 sec., 
from Fig. 61, have periods of: 
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T's T,,/2 T,/3 
0.50 0.25 0.166 


T,/4 
0,125 


T,/5 
0.10 


T,/6 
0.083 sec. 


There being no concordance in these series, the line should 
remain quiet at 120 r.p.m., as Fig. 28 bears out. 

Operation at 180 r.p.m.: Here T, = /ig9 = 0.33 sec. It 
is evident that this in resonance with 7/3, and we should 
therefore have the pump in oscillation according to Fig. 61a, 
giving one peak per revolution. Compare Fig. 28 at 179 r.p.m. 

(d) Case of Double-Acting Duplex Pumps in the M.H. Station, 
Texas Field. See pipe-line layout for Nos. 2 and 4 pumps in 
Fig. 6, and actual oscillation diagram from the two pumps in 
Fig. 66. 

Operating Conditions: Length of lines, pump to manifold: 
No. 2, 521 ft.; No. 4, 559 ft.; both 6-in. pipe. R.p.m. of pumps: 
No. 2, 35.2; No. 4, 32.6. 

From Fig. 66, the values of C may be computed as follows: 


Pump No. 2, C; = ————— = 3660 ft. per sec. 
0.568 
559 4 
Pump No. 4, Cy = — X 4 — 3640 ft. per sec. 
0.614 


Average wave speed = 3650 ft. per sec. 
The fundamental period for the 

4 X 521/3650 = 0.571 sec., and for the No. 4 line, T, = 
4 X 559/3650 = 0.612 sec. For the No. 2 pump, 7, = 60/35.2 
= 1.7 sec., and for the No. 4 pump, 7, = 60/32.6 = 1.84 sec. 
With these data and with the information on the pump com- 
ponents of this type of duplex pump, as obtained from Fig. 63, 
we have the following series: 

For pump No. 2: 


No. 2 line is 7, = 


Line: Ti T,/3 T./5 T,/7 
0.571 0.190 0.114 0.081 sec. 
Pump: T,/4 T,/5 
1.70 0.85 0.563 0.425 0.34 sec. 
For pump No. 4: 
Line: T1/3 T1/5 T,/7 
0.612 0.204 0.122 0.087 sec. 
Pump: T,/3 T,/4 T,/5 
1.84 0.92 0.614 0.46 0.368 sec. 


The concordance in both bases lies between 7’, and T',/3. 

According to Fig. 63¢ we must therefore expect a three-point 
oscillation diagram. Fig. 66 shows the details of the actual cards 
obtained on the pump. This is the station in which oscillations 
of the same order were maintained over a large change of phase 
in the pump relations, once the surges were established. 

(f) Case of Double-Acting Tripler Pumps in the B.P. Station— 
The piping plan for this plant, for pumps Nos. 2 and 3, is shown 
in Fig. 8. It was stated in the description applying to this plant 
that it could not be operated without alleviators. The use of 
these devices changes the period of the line, so that the type of 
oscillation diagram obtained, Fig. 9, does not conform to the 
theory. The action of the alleviator seems to be that it partly 
opens the pump end of the line. An air chamber would act the 
same way. But we now have a system of double forced vibra- 
tions, for, since the alleviator must have a natural frequency of 
vibration of its own, we now have the line under two impressed 
forces. This makes the picture so complex as probably to defy 
analysis. More will be said about the action of alle .iators later. 
What interests us most now is to see why the plant could not 
be operated at all without a cushioning device. 
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The length of the line from pump No. 2 to the manifold is 
177 ft., and from pump No. 3, 175 ft. This makes 7’, for either 
line, taking C at 3900 ft. per sec., equal to 0.18 sec. 

From Fig. 9 the pump speed was 30.2 r.p.m., from which T,, = 
0/s9.02 = 1.98 sec. With these figures and the pump velocity 
components of Fig. 64, we then have the series: 


For the line: TL T,/3 ‘7 
0.18 0.060 0.036 0.026 sec. 

For the pump: 7',,/3 T,/6 T,/9 T,/i2 T,/18 
0.66 0.33 0.22 0.166 0.110 sec. 


There is a near-resonance here between 7, and 7',/12, with the 
results that an oscillation diagram with 12 peaks per revolution 
and of considerable amplitude should build up, Fig. 64d. No 
diagrams from this plant operating on unprotected lines are 
available. Figs. 9, 70, and 71 show a 6-point diagram from either 
pump, i.e., one with double the period of that which the theory 
would predict. The above computations, however, show that 
the 7',/6 component cannot possibly be active, except upon 
the assumption that the alleviator action serves to change the 
period 7’; of the line to practically double the fundamental 
natural period. Asstated, however, speculation upon this would 
lead too far from the purposes of this paper, since the compu- 
tations made already show why the plant could not operate 
quietly as first designed. 


17 DraGRaAM OF THE RELATION BETWEEN CRITICAL Pump 
SPEEDS AND DisTaNcEe TO MANIFOLD FOR DupLEX AND TRIPLEX 
Pumps 


The authors feel that the concrete cases above examined in the 
light of the theory justify the conclusion that a simple means has 
been found to predict probable action with regard to surges in 
plants already built or proposed. Evidently there are two factors 
in the problem, the relation between which determines whether 
or not the operation of reciprocating pumps will be quiet 
without cushioning devices, namely, the pump speed and the 
length of line to the manifold. In a plant already built the line 
lengths are usually fixed or cannot be readily changed without 
considerable cost. In such cases, if the plant gives trouble the 
solution of the problem is to raise or lower the speed of the pumps 
or to put on a cushioning device. In plants as yet on paper, 
either factor may be controlled. 

In the light of the information gathered, Fig. 67 will be of 
help in determining what the critical pump speeds and line 
lengths are for the two classes of pumps mostly used in the oil 
field, the double-acting duplex with crank at 90 deg., and the 
double-acting triplex with cranks at 120 deg. The curves in the 
diagram define resonance conditions, the speed of the wave in 
the pipe having been taken at 3600 and 4000 ft. per sec. which is 
probably as nearly correct as can be determined for the various 
classes of oil handled. On these curves have been plotted at 
their respective speeds and lengths of line several of the conditions 
where heavy pressure swings were observed in the field. The 
points marked ‘‘MH”’ are for the speed and pressure conditions 
shown in Fig. 66, while the points marked “BP” were obtained 
for the conditions in this station with unprotected lines. 

The curves therefore define the combinations of speeds and 
lengths to manifold which the designer must stay away from in 
order to avoid serious trouble. Only those pump velocity com- 
ponents likely to cause trouble are taken into account in drawing 
up the diagram. For,.the duplex pump these are Figs. 63c, 
d, and h, and for the triplex pump, Figs. 64a, 6, d, and f. It 
should be remembered, however, that it is in the nature of forced 
vibrations to cause considerable pressure swing on either side of 
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true resonance, so that a considerable margin should be left 
between the critical conditions fixed by Fig. 67 and those actually 
adopted. The difficulty lies in keeping far enough away from 
one condition to avoid approaching the next higher or lower. 
The safe way is to stay about half-way between, and the safest 
is to provide an adequate air chamber. 


18 MEANS FOR PREVENTING OR REDUCING THE SETTING UP oF 
SurGEs In DiscHarGE LINES From REcipROCATING Pumps 


It must be clear from what has been said that there are two 


; 
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ways of preventing the occurrence of surges in discharge lines. 
The first of these methods consists in adjusting the length of 
lines to manifolds in such a way as to prevent resonance be- 
tween the oscillation period of the line and the speed of the pump. 
In other words, the problem may be solved with a fair degree 
of satisfaction if these matters are taken into account at the 
time the plant is designed. In many cases, however, it is either 
not possible to meet these conditions, or later additions to the 
plant upset the previous conditions, so that in general this method 
has not found application, at least in present practice. 

The second method of preventing or minimizing surges is 
by the application of some device by which the line is enabled 
to absorb the periodic excess of capacity forced into it by a pump 
without material change of pressure in the system, and later 
to restore this excess capacity to the line so as to maintain a 
constant velocity. In this manner compressional impulses 
traveling down the line are avoided with all their attendant 
troubles. Such devices are of two kinds, alleviators, and air 
chambers. 


19 ALLEVIATORS 


Inventors have expended considerable ingenuity in the de- 
sign of these devices. Two aims are apparent: first, to supply 
a device which will yield under the increasing pressures due to 
a given pump impulse; second, to design some contrivance 
which will obviate the necessity of continual recharging with 
air, which the ordinary air chamber seems to require. It may 
be said that while the currently used types of alleviators meet 
the second requirement, they do so by introducing other difficul- 
ties quite as bothersome. 

The design most commonly employed in pumping plants is 
merely a spring-loaded plunger, Figs. 68 and 69. The action 
is supposed to be that the excess capacity of the pump above 
the mean flow in the line is stored under the plunger against 
the resistance of the springs, this excess being restored to the 
line when the pump delivery falls below the mean flow. In 
practice, however, several factors interpose to disturb this ideal 
action. 

The first modification is produced by the friction at the pack- 
ing gland. The result of this is to make the action of the plunger 
insensitive and sluggish both on the up and the down strokes. 
On the up stroke the frictional resistance requires that the line 
pressure increase a certain amount above the mean before move- 
ment occurs. On the down stroke the line pressure must fall 
an approximately equivalent amount before the springs can 
begin to force the plunger downward. The net result is an un- 
avoidable pressure swing equal to approximately twice the frie- 
tional resistance. In the limit the friction may be so great as 
to make the alleviator ineffective, and in practice it is not un- 
common to see one of these devices stick. (Note pump in opera- 
tion in Fig. 69, with the alleviator stuck at the top of its stroke.) 
The objection may be made that a metallic packing would re- 
duce this difficulty to the minimum, but the crude oil carries 
sand and silt, which leads to scouring of the plunger, and some 
soft packing is a necessity. The operator has the choice be- 
tween running with a fairly loose gland, resulting in large leakage 
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or with a tighter gland, with consequent pressure oscillation. 
The can tied to the alleviator body in Fig. 69 is mute evidence 
that it is practically impossible to prevent leakage. 
Friction alone is enough to account for the fact that an allevia- 
tor of the type under discussion cannot act without permitting 
pressure oscillations in the line. But friction alone can hardly 
account for the pressure swings actually found. Figs. 70 and 
71 are two charts taken in the B.P. Station from pumps No. 
2 and 3 (see piping layout, Fig. 8). The second of these, in 


= 
‘ 
4 
i 


PETROLEUM 


which the pressure swings reach 475 lb. on the No. 2 pump and 
481 lb. on the No. 3 pump, was obtained with the pump running 
at 29.4 and 29.8 r.p.m., respectively. Fig. 70, in which the 
pressure swings are smaller, was obtained at slightly slower 
speeds. A little further analysis of the action of the alleviator 
may therefore be of interest. 

The alleviator used is that shown in Fig. 68. It consists of 
two nests of four springs each. The middle plate is movable, 
so that any plunger movement is taken up by compressing or 
elongating each spring half the distance of the plunger move- 
ment, all eight springs being active at once. Further details 
are: Weight of moving parts, 510 lb.; plunger diameter, 4'/2 
in., solid; Springs: wire diameter, 0.81 in.; length, 12 in.; out- 
side diameter of coil, 6.5 in.; 7 coils per spring. 
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component impulse, serves to kill out, or at least to tone down, 
the oscillations due to pump action. Figs. 70 and 71 both prove 
that this is what happens. For both of these charts the normal 
oscillation diagram would show 12 peaks per revolution. The 
action of the forces impressed by the alleviator changes these 
normal diagrams to others having only 6 peaks per revolution. 
But over and above this, the action of the alleviator practically 
kills out any oscillations about every third revolution in Fig. 
70, and about every fifth revolution in Fig. 71. In order to do 
this, the alleviator must have a period out of step with that of 
the line. It is interesting to see what that period is for the allevia- 
tor in question. 

Since we do not know quite the distribution of the total weight 
of 510 lb. of the moving parts of the alleviator, we shall have to 
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With these spring dimensions and an assumed maximum fiber 
stress of 60,000 Ib. per sq. in., the safe load on each spring is 
1920 lb. with a total deflection of 7 X 0.78 = 5.46 in. This 
gives a spring constant of 1920/5.46 = 350 lb. per inch of com- 
pression. 

Now Fig. 71 shows that at the maximum of pressure variation 
the alleviator travel is 4.27 in. This calls for a change in the 
spring resistance of (4.27/2) X 350 XK 8 = 5978 lb., which, 
since the plunger is 4.5 in. in diameter, gives a pressure change 
on the liquid of 5978/15.9 = 376 lb. per sq. in. Thus the pres- 
sure swings of 475 lb. and 480 lb., actually found are accounted 
for, and it seems inherent in the principle of the alleviator that 
these swings must be present if the device is to serve to store 
excess pump capacity at one period in the cycle and give the 
excess out at another. Its action in this regard is comparable 
with that of an air chamber much too small. 

If then the alleviator acts to quiet a line to the extent that 
running is no longer dangerous, it must be by virtue of another 
property. And that is found in the fact that the alleviator 
system has a free period of vibration of its own, which super- 
posed upon the oscillations normally produced in a line by some 


assume it concentrated, which will introduce a slight error. The 
formula for the time of one complete vibration of the system 
may be written: 


in which 
m = weight of moving mass = 510 lb. 
f = restoring force at a distance of one foot, in pounds 
g = 32.2. 
The value of f = 350 X 8 X 12/2 = 11,200 lb. With these 
data we have 


510 
t = 6.28 q@———_ 
Vim X 32.2 


As has been previously shown [(/), Art. 16], the line oscillations 
without the alleviator would have a period of 0.18 sec. We 
now superpose upon these forces having a period of 0.23 sec., 
with the beneficial results shown in Figs. 70 and 71. 

It must be clear from this discussion, however, that an allevia- 


= 0.23 sec. 
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tor should be specially designed for a given set of conditions. 
If this is not done, it may happen that line period and alleviator 
period fall together, which would produce disastrous results. 
It should also be remembered that by its very design the allevia- 
tor can not act without some line oscillations. The alleviator 
is in effect a substitute for an air chamber, and is at best an inade- 
quate one. The proof of that statement will be clear from an 
examination of Fig. 72, which needs no further comment. 


pump of air. Further, in case of a fitting or gasket letting go 
on the line, it is undesirable to have the air blown out into the 
pump room. Hence some means should be provided to auto- 
matically confine the air in the air chamber under these condi- 
tions. 

3 It is sometimes urged that the air volume in the chamber 
saturated with oil vapor forms a potential explosion hazard. 
How far this assumption is justified, some tests made will show. 


20 Tue APPLICATION OF AIR CHAMBERS 


From all that has thus far been said, there can be little doubt 
that the application of an adequate air chamber is the only real 
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21 Tue ABSORPTION OF AIR BY OIL, AND MEANS FOR 
MINIMIZING IT 


This absorption loss is one of the real troubles. In a com- 
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remedy for the solution of the surge problem. The fact has been 
recognized in pumping practice generally, and if air chambers 
have found little application in oil pumping plants up to the 
present time, there must be special reasons for the condition. 
These are, of course, to be found in the real or fancied disad- 
vantages possessed by air chambers, or in the added compli- 
cations of operation resulting from their use. The rest of this 
paper will be devoted to an examination of the objections to 
the use of air chambers, some methods devised for overcoming 
the objections that are real, and to a discussion of the determi- 
nation of required air-chamber volume for given conditions. 

The disadvantages commonly urged by operating men against 
the use of the air chamber in pipe line service are: 

1 The rapid absorption of air by the oil, and the difficulty 
of charging air against the high line pressures employed. 

2 The fact that, if the pump is for any reason shut down, 
or bypassed, the high-pressure air confined in the chamber will 
expand and force the liquid out of the pump cylinders and valve 
boxes. It requires considerable work on restarting to clear the 
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munication made by Dr. G. K. Burgess of the Bureau of Stand- 
ards, he cites several references to this subject in the literature.® 
Dr. Burgess states that the results recorded in these papers 
have been recently correlated and that they may be well repre- 
sented by the equation: 


*“The Solubility of Oxygen, Carbon Dioxide, and Nitrogen in 
Mineral Oil and the Transfer of Carbon Dioxide From Oil to Air,” 
by L. 8. Kubie. JI. Biological Chemistry, vol. 72 (1927), p. 545. 

“Effect of Dissolved Gas Upon the Viscosity and Surface Tension 
of Crude Oil,”” by C. E. Beecher and I. P. Parkhurst. Paper No. 
1608-G issued December, 1926, by the American Institute of Mining 
and Metallurgical Engineers, New York. 

“Solubility and Effects of Natural Gas and Air in Crude Oil,"’ by 
D. B. Dow and L. P. Calkin. Report of Investigations, Bureau of 
Mines, Serial No. 2732 (February, 1926). 

‘A Method for the Determination of the Vapor Pressure of Hydro- 
carbon Fuels and the Estimation of Dissolved Air,’’ by H. T. Tizard 
and A. G. Marshall. J/. Inst. Petroleum Technologists, vol. 8 (1922), 
Base 

“Uber die Absorption von Gasen durch Petroleum,"’ by St. Gnie- 
wosz and Al. Walfisz. Zeit. fiir Physikalische Chemie, vol. 1 (1887), 
p. 70. 


| 
/REV 2 PUNP 
SC) 
| 2.005 SECONDS 
264285 


PETROLEUM PET-51-2 39 


~.. 7a The problem is not a simple one, for the ordinary type of float 
go = T 4 log D — 0.40 does not meet the conditions. Wood cannot be used, because 
in which S = solubility of air in cubic inches at standard con- 
ditions (32 deg. fahr., 1 atmos.) per gallon of oil : 
T = absolute temperature, deg. fahr. 


D specific gravity of oil at 60 deg. fahr. 


According to this formula, one gallon of air-free oil, specific SAFE. LIMIT 
gravity 0.80 at 60 deg. fahr., will absorb 30 cu. in. of air (standard , , UPPER OIL LEVEL 
conditions) under a pressure of 1 atmos. For any pressure P, 
in atmospheres, the volume of free air absorbed by one gallon 


of air-free oil will be V = PS. Thus at 70 deg. fahr. and, say, es 
735 lb. per sq. in. pressure (= 50 atmos.) the volume absorbed 
would be V = 50 X 30 = 1500 cu. in. of free air, or 1500 X tania WORKING 
(530/492)  (14.7/735) = 32 cu. in. of air at the temperature = Ll EL 
of 70 deg. and 735 Ib. pressure. 
These figures, however, do not help greatly in determining the FROM TRUE POSITION 
amount of air that will be lost, say, per hour from an air cham- 
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TUTE FOR AN AIR CHAMBER N 
ber on a pump of given discharge capacity. In the first place, 
the figures are for equilibrium conditions, probably never at- 
tained in practice. In the second place, agitation and rate of ek 2d. 
diffusion play a big part, and nothing is known of either factor 
in any actual case. Practica’‘y we know that in an air chamber 
in which a pressure of approximately 700 lb. per sq. in. is main- 


tained, with an air volume of about 3000 cu. in. and a pumping ee ee 
rate of 30,000 bbl. per day, recharging has to be resorted to in 
from 1.5 to 2 hours. | 


The best means for minimizing this loss is to cut down the 
contact surface between air and oil, and some type of float would 
thus seem a necessity. The authors have spent considerable 
time in experimentation to devise a satisfactory type of float. 
The form finally adopted combines the function of decreasing 
the contact area with that of automatically sealing off the air 
chamber should the occasion require it, meeting the difficulty 
outlined under Par. 2, Art. 19. Out of the large number tried 
only two will be discussed in any detail, the first because it seemed 
at first to be the solution, but failed in the field under circum- 
stances that have some scientific interest, and the second be- 
cause it is the type now in satisfactory service in the field. Fic. 74 Section or Arr-CHamMBER FLoat SHowine Bauine TuBEe 
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it soon becomes so impregnated with oil as to sink. Metal- 
sheathed wood is too heavy. No naturally porous material 
seems to be available. All hollow metallic floats are too heavy 
if they are made strong enough to withstand the collapsing pres- 
sure in the air chamber. All other metallic combinations, as 
for instance, assemblies of round or hexagonal tubes, capped air- 
tight top and bottom, have too great specific weight. 

The first float that seemed to offer a satisfactory solution is 
shown in connection with the air chamber of Fig. 73, and in some 
detail in Fig. 74. It consisted of a hollow steel shell welded into 
top and bottom heads. The latter carried a valve disk, which 
if the oil level in the chamber sank far enough would con- 
tact with a corresponding seat formed on the bottom head 
of the chamber, and thus trap the high-pressure air. The pres- 
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sures inside and outside the float were practically balanced by 
the “bailing” tube A, Fig. 74. A cage over the top prevented 
any foreign material from entering the tube. Since the pres- 
sures were thus equalized, the construction could be kept light, 
the normal float level being about two-thirds the length of the 
float from the bottom. The collapsing pressure of the float 
was about 60 lb. per sq. in., the bursting pressure about 600 Ib. 
per sq. in. 

The principle of operation of this “self-bailing”’ float was this: 
Normally, as long as the bottom of the tube A was free, any 
changes in the pressure of the air in the chamber would be almost 
instantaneously transmitted through A to the interior, thus keep- 
ing the pressures balanced. If for any reason oil was forced on 
the top of the float it would, of course, go to the bottom inside 
of the float, thus sealing off the lower end of A. If now the 
pressure of the air outside of the float fell below that inside of 
the float, the air inside expanding against the differential would 
force out a slug of oil and thus tend to keep the float free from 
oil. Since, with the reciprocating action of the pump, there is 
a constant variation of pressure through a slight range in the 
air in the chamber, this bailing action became automatic. Some of 
these floats were in service for some time, but they all failed 
sooner or later on account of several reasons, for some of which 
the design is not accountable. Carelessly putting a pump into 
service without making certain that there was enough high- 
pressure air in the chamber to have the float level about normal, 
in some cases caused such an inrush of oil as to smash the float 
against the top of the chamber. Other floats failed because 
not all the pumps in a plant were protected with air chambers 
and surges set up smashed the floats. The manner of failure 
was of two kinds. In the first, Fig. 75, we have the typical 
collapse brought about by external pressure, in the second, Fig. 
76, the ripping up along an element of the cylinder is, of course, 
caused by internal pressure, but the reason for the tearing off 
around the circumference at the float level is not at first apparent 
and is of some interest. 

To explain either failure, it must be remembered that elastic 
oscillation and surges can take place in a liquid without mass 
movement other than that due to the elastic deformations. 
Hence in the liquid surrounding the float the pressures may rise 


and fall almost instantaneously without much change of float 
level. The experiments made have shown that the pressures 
may easily rise to double the normal or decrease to zero. 

Assume now that the normal working pressure is 600 lb. per 
sq. in. and that surges are set up owing to the action of unpro- 
tected pumps in the plant. Suppose that the pressure in the 
liquid in the air chamber suddenly rises to say 1200 lb. Since 
this action is very quick, and the rise in pressure in the liquid 
is not instantly transmitted to the air in the chamber and in the 
float, we evidently have an excess of external pressure of 600 
lb., which is ten times more than the floats are designed for. 
Hence the collapse failure of Fig. 75. 

If, on the other hand, the pressure in the liquid suddenly 
drops to near zero, the float will be exposed to a bursting pres- 
sure of 600 Ib., as far as it is submerged in the liquid, and this 
accounts for the ripping along an element of the cylinder, as 
shown in Fig. 76. But, as far as the exposed part of the float 
is concerned, the pressures on this remain balanced for the instant. 
There is therefore no bursting pressure on this part of the float, 
and as a result we get the circumferential tear exemplified in 
Fig. 76. In some of these failures the top third of the floats 
was completely severed by the circumferential tear. 

Experience in the field thus seemed to prove that this float 
was too delicate for the service, and its use had to be abandoned. 

In the light of the experiences with the float just described, 
a second type, Fig. 77, was developed. This is merely an inverted 
open cylinder of two different diameters. Air is admitted to the 
interior of the float through the passages 30 and 31 in the valve 
casting, and through the valve guide 12 and tube 8. When 
the air pressure in the interior of the float exceeds that in the 
air chamber above the float level by the amount of the hydrau- 
lic head of the oil column between the bottom of the float and 
the oil level in the chamber, air will escape through this seal and 


Fig. 76 Typrcat Rupture or Fioat BrouGut ABouT BY 
INTERNAL PRESSURE 


fill the air chamber proper. Thus the charging may be done, and 
the external and internal pressures on the float remain prac- 
tically balanced. One advantage of a smaller bottom diameter 
of float lies in the fact that agitation is lessened inside of the 
float, thus minimizing absorption of air. 

This float has proved satisfactory in service so far, and it has 
been found that the interval between charging time has been 
lengthened from approximately 2 hours, in an open air chamber, 
to approximately 10 hours with this device. 

To obviate the objection of having a considerable body of 
high-pressure air expanding when the pump is shut down for 
any reason, the valve mechanism shown at the bottom of the 
air chamber in Fig. 77 is provided. The valve seat is inclined 
to facilitate the floating off of solid matter in the oil. The valve 
disk is mounted on a lever 17 which swings about a fulcrum 18. 
Under normal conditions, the valve is held off the seat by the 
action of helical spring 13, acting against the float plate 10, 
and through valve guide 12 and link 15. Should the oil level 
drop for any reason, the float seats on the plate 10, and by its 
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weight starts to depress the spring, closing the valve. This 
happens long before the oil level reaches the plane of the valve, 
so that there will always be an oil seal. As first made, 15 was 
a solid link, but it was found that if for any reason minor oscil- 
lations were set up in the line this construction caused rather 
serious inertia effects due to the weight of the link, guide, spring 
plate and valve plate, hence the latest form is an open link which 
does not transmit any valve flutter to the guide. 

Some of these floats have now been in satisfactory service 
for months, but it has been found that they are, of course, not 
foolproof, and that certain precautions must be observed in 
taking a pump, protected by an air chamber and float, on or 
off the line. 


22 MeaANs For CHarGinc CHAMBERS 


In ordinary pumping practice, under low and medium pres- 
sures, and with air chambers without floats, the control of air 
chambers is in most cases a simple matter. In some cases the 
chamber is big enough so that when it is filled with atmospheric 
air and the pump is then put on the line, there will be enough 
of an air volume left when the pressure is up to give satisfactory 
action. Where this is not the case, it is not difficult to supply 
compressed air from some outside source, as long as the pres- 
sures are not high. This method is not feasible against line 
pressures of 500 to 1000 Ib., and it would result in air chambers 
of prohibitive size. In such a case two methods of charging are 
available. 

One is to install a separate compressor and air-storage tank, 
from which the needed supply may be drawn at any time. The 
second method consists in providing a charging tank, located 
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well below the air chamber, trapping either free air or air under 
moderate pressure into this auxiliary tank, and then allowing 
the pump pressure to force this trapped air up into the air-cham- 
ber. This layout is shown in Fig. 78 and is quite the most satis- 
factory system so far devised. The required size of charging 
chamber will be discussed later in connection with the discussion 
on the size of Air Chamber. 


23. Tue DANGER oF EXPLOSION IN AIR CHAMBERS 


As stated at the outset, there has been some objection made 
by pump operators that there might be danger of explosion ow- 
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Fic. 79 Expiosion Pressures OsTAINED WITH GASOLINE IN 
EXPERIMENTAL AIR CHAMBER 


ing to the formation of explosive mixtures in the chambers above 
the oil level. Of course, the simplest way to absolutely prevent 
this trouble, granting that it is possible, would be to use some 
inert gas, like nitrogen or carbon dioxide, for charging. That 
method is quite feasible and might obviate the use of special 
charging devices, since these gases can be bought in cylinders, 
stored under very high pressures. But their use would involve 
an added element of cost, which the authors feel certain is not 
justified. 

In order to get some practical ideas of the possibility of the 
formation of explosive mixtures in air-chambers, a few experi- 
ments were made. The test air chamber had a volume of 0.765 
cu. ft. (1320 cu. in.). It was subjected to a static test after the 
experiments and failed at 7500 lb. per sq. in. The method of 
test consisted in pouring into the chamber one gallon of the fuel 
and then charging air up through the fuel until the desired charg- 
ing pressure was reached. The mixture was set off by two heavy 
duty spark plugs, the spark being left on in each case for 45 
sec. It would frankly puzzle the authors to explain how a spark 
could be produced in an air chamber in normal service. Be- 
tween tests the test chamber was allowed to cool down to the 
temperature of the surrounding air; thus all the trials are made 
with approximately the same starting temperature. 

Three types of fuel were tried: crude oil, kerosene, and gaso- 
line. It may be said at once that no explosion could be pro- 
duced with either crude oil or kerosene at the pressures tried, 
i.e., the mixtures were too lean for explosibility even with the 
lowest charging pressure of 100 lb. per sq. in. For gasoline a 
series of explosions were obtained, the details of which are given 
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in the following table. Samples of the mixture were taken be- 
fore and after the explosion and analyzed. Explosion cards 
were obtained by means of an indicator of the type used to get 
the oscillation diagrams. Fig. 79 shows the results for the three 
conditions for which explosions were obtained with gasoline. 


Maximum 

Charging explosion 

pressure, —Analyses of mixture, percentage by volume—. pressure, 
Test lb. per ——Before firing——. ———After firing Ib. per 
No. sq.in. CO: O2: CO H: COs: Oz co H: sq. in. 
1 100 3.0 4.3 88 5.1 920 
2 200 21.0 0 0.3 89 8.7 1440 
3 300 21.0 4.2 0.5 6.7 7.8 2340 

400 21.0 * No 


Broken tube No 
explosion 

20.4 No 
explosion 


The explanation for the failure to fire after 300 lb. per sq. in. 
is that the mixture is too lean in spite of the fact that the 
air space must be saturated with gasoline vapor. Tests have 
shown that the explosibility range of gasoline-air mixtures 
is very narrow, the mixtures with less than 4.2 per cent by weight 
of vepor being too lean, those with more than 15.2 per cent being 
too rich. In our case, deducting the volume taken up by the 
fuel, the air space remaining is 1089 cu. in. At 300 lb. pressure 
and 85 deg. fahr. this space contains 0.90 Ib. of air, at 400 lb. 
and the same temperature, the weight of air is 1.17 lb. Since 
the temperature is the same in both cases, the weight of gasoline 
vapor in the space will be the same, independent of the amount 
of air present. The computation of the gas-air mixtures actually 
present during the experiments is rendered uncertain by the 
fact that the manner of charging the air chamber makes it almost 
certain that only the lighter fractions of the gasoline were vapor- 
ized, but just what those fractions are can only be determined 
by more elaborate analyses than those made. It is known that 
the volume of gasoline vapor per pound occupies about 4.4 cu. 
ft. at 85 deg. fahr. and under 14.7 lb. pressure when completely 
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vaporized. Ordinary gasoline is largely octane (CsH;s), but 
both hexane (C,H,,) and pentane (C;Hy) are probably present, 
particularly in gasoline made up partly of casing-head gasoline. 
At 85 deg. fahr. the vapor pressure of CsH;s is, according to 
Lucke’s “Engineering Thermodynamics,’ 20 mm. Hg, that of 
C.Hy is 175 mm. Hg, and that of C;H», 600 mm. Hg. The 
mixture was formed in these tests by bubbling air up through 
the liquid, so that it is almost certain that only the lighter frac- 
tions evaporated, but the large difference in vapor pressure be- 
tween hexane and pentane and the uncertainty regarding the 
composition of the actual vapor, makes any computation little 
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better than guesswork. Assuming for the sake of the argument, 
that the vapor-pressure was 250 mm. Hg, then the space could 
have contained about 0.047 Ib. of vapor at 85 deg. fahr. This 
is 5.2 per cent by weight of the mixture at 300 lb. pressure and 
4.0 per cent at 400 lb. pressure, which would explain the reason 
for the 400-lb. mixture failing to fire. 

In any case, the leaning off of the mixture with increasing 
air pressure is evident, so that above 300 Ib. we are likely to be 
out of the explosive range, even for gasoline. Taking this to- 
gether with the fact that no explosions could be produced with 
kerosene or crude oil, and that it is difficult to see how, in an 
actual chamber, the mixture can be set off anyway, the conclu- 
sion is quite safe that the danger from explosions in air cham- 
bers is quite remote. And should one occur no damage is likely 
to result, for on a pump about the only thing that can happen 
is that the liquid be driven out of the chamber. There can be 
no danger from fire for the oxygen supply would very soon fail. 


24 Requirep Size or Arr CHAMBERS 


Several writers have made attempts to develop rational for- 
mulas for air-chamber size. The simplest of these is based upon 
the assumptions of a tolerable change of pressure in the air cham- 
ber as caused by the influx of the excess pump capacity above 
minimum delivery. The method assumes that the volume 
change produced takes place under isothermal conditions, which 
is probably not quite true, and that all of the excess delivery of 
the pump above a minimum is stored in the air chamber, which 
is also not quite true. The two errors work in opposite direc- 
tions, but since the method is empiric anyway, no further analysis 
of the effect of these assumptions will be made. 
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Let po = absolute pressure in the air chamber at the instant 

that the pump is discharging its minimum delivery. 
For our purpose this may be taken as the pressure 
against which the pump is delivering 

P = increase in pressure due to the extra volume de- 
livered above the minimum 

V_ = air-chamber volume appropriate to pressure po, and 

V, = change in volume producing the change in pressure 


The value of V, varies with the type of pump. Fig. 80 shows 
the volume variations in the air chamber during one revolution 
of a double-acting duplex pump (cranks at 90 deg.), and Fig. 
81 the variations during one revolution of a double-acting tri- 
plex pump (cranks at 120 deg.). A general formula for the 
volume variation is 


Vi, = H X (Cyl. diam.)* X (Stroke) 


V, will be in cubic inches when the dimensions are expressed in 
inches. The value of H may be taken for various types of pump 
as follows: 


Pump Value of H 
Triplex, single-acting (cranks 120 deg.)........... 0.022 
Duplex, double-acting (cranks 90 deg.)............ 0.112 
Triplex, double-acting (cranks 120 deg.)........... 0.044 


Air Supply, Lb. per Sq. In 
300 250 200 (175 
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Fie. 82 Arr-CHAMBER CHARGING CHART SHOWING RELATION 
Between Arr-SuppLy PRESSURE AND CHARGING-TANK CAPACITY 
FoR Pump Pressures up To 1100 Ls. per Sq. In. Workino 

Capacity oF Arr CHAMBER, 3100 Cv. IN. 


(Example: a pump working at 400 Ib. per sq. in. and pressure of charging 
air 100 lb. per sq. in. would require a tank of 8000 cu. in. capacity.) 


Assuming now that Boyle’s law holds, we must have 


= (pm + P) (V— Vi) 
from which 


v= Vi (po + P) 

V will be in cubic inches if the pressures are expressed in 
pounds per square inch and V, in cubic inches. 

A more rational method of arriving at the air-chamber volume 
equates the extra friction produced by oscillations in a pipe 
line to the extra work required of the pump to maintain the 
oscillations. The mathematical treatment of the problem is 
quite complex. The simplified form of the final equation de- 
veloped” is 


10 The derivation of this equation is due to Prof. E. H. Kennard, 
and will be printed in full in the Sibley Journal of Engineering for 
May, 1929. The complete formula reads 


_PoS =F | 
> [tom Vi 


in which, in addition to the definition of symbols already given in 
the text, 1 = length of line in feet, » = mean velocity of flow in 
the line in ft. per sec., and @ is a constant equal to 62.4f/2dg, in 
which in turn f is a friction factor and d is the diameter of the line 
in feet. If the friction is high, or the line long, the radical in the 
above equation is small and may be neglected, in which case the 
formula assumes the form in the text. 

The value of v)m may be found from combined velocity diagrams, 
such as Figs. 58 and 59. It is the velocity change in the pump 
cycle above or below the mean velocity, whichever is greater, referred 
to the cross-section of the pipe. 
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PoStpm 
Sani cu. ft. 


volume of air in air chamber, cu. ft. 


in which V 


Po = mean pressure in the line, lb. per sq. ft. 
S = cross-section of line, sq. ft. 

Upm = Variation in velocity in the line, above or below 
the mean, produced by the pump cycle, ft. 
per sec. 

P = tolerable variation in pressure in the air cham- 
ber, lb. per sq. ft., and 

n = frequency of oscillations in the line per second. 


Examples of application of Formulas: Take a 6-in. X 24-in. 
double-acting duplex pump (cranks at 90 deg.), running at 30 
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r.p.m. and connected to a 6-in. line. Let the line pressure be 
700 Ib. gage and the tolerable pressure variation in the air cham- 
ber 25 lb. per sq. in. 

Here po = 700 + 15 = 715 lb., P = 25 lb., and V; = 112 x 
(6)? x (24) = 96.8 cu. in. Hence by the first formula 


96.8 (715 + 25) 
25 


nt is the reciprocal of the period of oscillation. As far as the value 
of n is concerned, it is evident that V is the greater, i.e., the safer, 
the smaller the value of n. Hence it is best to take that value of n 
which corresponds to the slowest oscillation that can arise in the 
pipe under the existing conditions. An examination of Figs. 61 to 
64 shows the slowest oscillations that may be active and the values 
of n for the four types of pumps discussed are: 


Vv = 2860 cu. in. 


Slowest 1 
period period 
Single-acting, single-cylinder pump........ T> 
Double-acting, single-cylinder pump....... T, 
2 


Double-acting duplex pump, cranks at 90 


le 
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For substitution in the second formula, S = 0.2 sq. ft. The 
mathematical theory assumes that vpm varies as a sine function, 
and that its value below the mean will therefore be the same as 
that above the mean. Fig. 58 shows, however, that for the du- 
plex pump the maximum swing of vpm is greater above the 
mean than below it in the ratio of 14 to 11. Therefore, taking 
the greatest variations from the mean in order to be on the safe 
side, we find v»m = 0.0014 X 30 X 24 X (6/6)? = 1.0 ft. per 
sec. The value of n for this pump is equal to 1/7, in which 
T, = 2 sec. = time in seconds of one revolution. Hence n = 
1/2. With these data, the second formula gives 


40 
700 X 0.2 XK 1 . 1.78 cu. ft. = 3080 cu. in. 


> = 
2X 3.1405 25 78.5 


The agreement between the two methods here is satisfactorily 
close. 

Take as a second example the 6'/,;-in. X 36-in. double-acting 
triplex pump used in the B.P. Station. Assume line pressures, 
tolerable variation of pressure, and speed the same as before. 
The pumps are connected to 8-in. lines. The value of V, for 
this case is 0.044 X (6.25)? X 36 = 61.8 cu. in., and the simple 
formula then gives 


61.8 (715 + 25) 
25 


Vv = 1830 cu. in. 

For the second formula S = area of 8-in. pipe = 0.35 sq. ft. 
Fig. 59 for this case shows that the underswing of v,» is greater 
than the overswing in the ratio of 14 to 6. Hence, taking the 
greater value we get vpm = 0.0014 X 30 XK 36 X (6.25/8)? = 
0.92 ft. per sec. The value of n for this pump is 3/7, = 3/2, 
since 7’, = 2 sec. With these data we find from the second 
formula that 


V> X O25 0.96 cu. ft. = 1670 cu. in. 


2 X 3.14 K 1.5 X 25 


Here again there is a satisfactory agreement, and it would 
appear that the simple formula is applicable and safe. In the 
actual plant the air chambers specified had an air volume of 
3100 cu. in., and proved ample—see Fig. 62. 


25 Requirep Size or CHARGING TANK 


Fig. 82 is a chart giving data as to the size of charging chamber 
required for use with an air chamber having, when fully charged, 
an air volume of 3100 cu. in., under various discharge-pressure 
conditions on the pump, and various pressures of compressed 
air available for charging. The figures given in the chart are 
such that if both charging chamber and air chamber are charged 
with the pressure specified under “air supply,” when the pump 
is brought up to its working pressure the liquid in the air cham- 
ber will be at the working level specified in Fig. 82. For example, 
to find the proper size of charging tank for 400 lb. working pres- 
sure when 100 lb. air supply is available, follow the diagonal 
line for 100 lb. until it intersects the horizontal line representing 
400 lb. working pressure; vertically below this intersection is 
the capacity required, namely, 8000 cu. in. The capacities 
are also shown in lengths of both 10-in. and 12-in. pipe. In 
the case in question 10 ft. of 10-in. pipe, or 7 ft. of 12-in. pipe 
may be used. 


26 Deratts or Arr-CHAMBER CONSTRUCTION FOR PREs- 
SURE 


The mechanical construction of the conventional type of air 
chamber for high-pressure work offers very few difficulties. How- 
ever, when it becomes necessary to mount gage glasses and fur- 
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nish the cut-off valve in the bottom of the air chamber, the 
problein is complicated to some extent. 

Fig. 78 shows the general construction of the type of air cham- 
ber finally developed; The body of this chamber is constructed 
of 10-in. hydraulic pipe, 9'/, in. inside diameter, */, in. thick, 
and 10*/, in. outside diameter; this pipe is rated for 1500 lb. 
test pressure. Into the upper end is welded a concave steel 
forging; the lower end of the pipe is welded into a forged steel 
flange. For the various connections, gage glasses, drains, air 
pipes, etc., low-carbon steel spuds are welded into the body 
of the air chamber, the metal of the welds being built up to a 
considerable extent in order to get the strongest possible joint 
between the spud and the body of the air chamber. 

Where inflammable liquids such as crude oil are to be handled. 
under approximately 1000 lb. working pressure, it is obvious 
that the air chamber must have very considerable strength 
against rupture. With the type of chamber shown numerous 
tests have been made to failure, these showing between 5000 
and 7000 Ib. per sq. in. ultimate strength, which gives a factor 
of safety of about 7 under average working conditions of 750 
lb. per sq. in. The air chambers after shop assembly are in 
every case given an overall hydrostatic test of 3000 Ib. per sq. 
in., and under this pressure show no appreciable deflection. 

The gage glass as shown in Fig. 32 has some rather interesting 
features of construction. The mounting for the glass consists 
of three pieces, a body and two frames, which are medium- 
carbon-steel forgings carefully machined for the gage glass proper. 
With the best glasses obtainable it was found that if the gage 
was clamped up as tight as it must be for the pressures it is to 
withstand, it was next to impossible to keep all initial strain 
out of the glass, and at times the glass would fail under no pres- 
sure a day or two after it was assembled, the material practi- 
cally going toa powder. A bakelite composition was substituted 
for the glass, and, while the crushing strength of this material 
is only about the same as the best imported glass, or 24,000 
lb. per sq. in., it has sufficient flexibility so that the initial strains 
are negligible. 

Fig. 83 gives considerable detail of the valve mechanism in 
the bottom of the air chamber, and it will be noted that the 
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construction throughout is very massive, which was found neces- 
sary in field work. If the air chambers are kept properly charged 
and the floats bailed, almost anything will serve as a cut-off 
valve. It developed, however, that in service the operating 
men would let the pumps run on the line for a considerable time 
improperly charged; under this condition very vicious ham- 
mering was set up, the valve slamming violently several times 
during every revolution of the pump so that it became neces- 
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sary to work out a valve rig that would stand a very consider- 
able amount of abuse without failure. 

Referring to Fig. 83, valve seat 23 is a manganese-bronze 
casting on which seats the valve disk 20 made up of a canvas- 
bakelite material sold under the trade name of “Micarta.”’ This 


Fic. 85 Metsop Finatty DeveLorep ror MountTiIna Arr CHAM- 
BER ON Pump 


material has about the same strength as high-grade cast iron 
and is used very extensively for pinions and gears. The valve 
seat 20 is rigidly mounted in valve plate 19; this plate is made 
up of alloy steel, heat treated. In the first designs a plate and a 
separate stud were used, but it was found next to impossible 
to keep the stud tight, it having a tendency to imbed itself in the 
valve plate and loosen up sufficiently to allow leakage. Valve 
arm 17 is a massive manganese-bronze casting, and Fig. 84 brings 
out the heavy construction. In designing the first of these valve 
mechanisms it appeared that there was no particular strain in 
this arm, nevertheless considerable difficulty was experienced 
with failure at this point despite the fact that a good grade of 
phosphor bronze was used and the design was considerably 
heavier than that used in high-pressure check-valve service. 
Various methods of mounting the air chamber on the pump 
have been tried out and that shown in Fig. 85 finally developed ; 
this type of mounting locates the air chamber where it is easily 
accessible for manipulation, and it was found that a compara- 
tively small connecting pipe gives fully as good results as mount- 
ing the air chamber directly on the manifold of the pump. Fur- 
ther, this type of mounting takes all strain off the piping and 
holds the chamber very rigidly. This is quite essential, for if 
the equipment is operated with improperly charged air chambers 
the vicious hammering set up tends to start considerable vibra- 
tion in the air chamber, unless the mounting is very rigid. 
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Appendix 


(a) Sympots Usep 


Let p = pressure above atmosphere, lb. per sq. in. 
v = particle velocity, ft. per sec. 
m = density of fluid, lb. per cu. ft. (= 62.3 lb. for water) 
J = virtual modulus of elasticity for the system com- 


posed of the fluid and pipe, lb. per sq. ft. 
K = modulus of elasticity for water, lb. per sq. ft. = 
43,200,000. 
E = modulus of elasticity for steel, lb. per sq. ft. = 
4,032,000,000. 
C = speed of sound in the fluid in a pipe = speed of propa- 
gation of longitudinal pressure waves in the pipe, 
ft. per sec. 
p/v, in a train of waves in which p and v have the 
same sign. Ina train in which p and v have oppo- 
site signs, r = —p/v. 


~ 


l = total length of pipe, ft. 
S = cross-sectional area of pipe, sq. ft. 
t = time of a eycle or revolution of pump, sec. 


(b) Vevociry OF PROPAGATION OF A PRessURE IMPULSE THROUGH 
A Liquip 


Assume that a pipe line contains liquid under some pressure, 
and let a pressure impulse, either one of compression or one of 
rarefaction, be sent into the line by any convenient means. 
Such a pressure impulse will travel through the liquid with the 
speed of sound in that liquid, modified by the elasticity of the 
pipe. The virtual modulus of elasticity of the system of fluid 
and pipe may be computed! from 


1 1 d 4 


in which d = diameter of pipe in inches, t = thickness of pipe 
wall in inches, 1/¢ = Poisson’s ratio for steel = 0.28 approx., 
so that ¢ = 3.6 approx. Substituting in [1] the values of K and 
E already given for water and steel, we obtain 


1 1 4 0.97 d 
J 43,200,000 4,032,000,000 


For the principal test pumps, the line was 2'/2-in. standard pipe, 
so that d = 2.46 in. and ¢ = 0.204 in. From [la] we then ob- 
tain for this special case J = 38,450,000 lb. per sq. ft., or 
267,000 Ib. per sq. in. 

Textbooks on hydraulics show that the velocity of wave propa- 
gation through a liquid in a pipe is 


in which g = 32.2, and m = density of liquid (lb. per cu. ft.). 
For the 2'/.-in. line and for water 


= 4460 ft. per sec. 


38,450,000 
62.3 


Hence in the experiments the length of the line, in order to 
facilitate the production of resonance conditions, was made 
equal to one-quarter of this speed = 1115 ft. (actually 1117.4 
ft.). 

For oil the value of C will vary depending upon both size of 
pipe and specific gravity of oil. The following table shows 
what may be expected for 6-in. and 8-in. standard pipes, and for 


11 “Hydraulics of Pipe Lines,’ by W. F. Durand. 
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gravities varying from 36 to 42 deg. Baumé at 60 deg. fahr. 
For the 6-in. pipe, J = 26,200,000 lb. per sq. ft., for the 8-in. 
pipe, J” = 25,000,000 Ib. per sq. ft., with an assumed value of 
K of 30,000,000 for oil (Bureau of Standards). 


——6-in. pipe—— -——8-in. pipe—— 

Degrees Baumé, at 60 deg. 
36 40 42 36 40 42 
51.3 50.8 52.6 51.3 50.8 
C, ft. per eec.... ...... 4000 4050 4070 3910 3960 3980 


(c) THe Revation BETWEEN A CHANGE IN VELOCITY IN A Mov- 
ING LIQUID AND THE PRESSURE CHANGE PRopDUCED 


Let a piston in a pipe be moving with a velocity v», and let the 
pressure in the liquid ahead of the piston be pm. Now let the 
piston velocity suddenly step up to vm + ;. This will produce 
a pressure equal to pm + p; in the layer of liquid in contact 
with the piston, and this pressure increase will travel down the 
pipe at the speed of sound, say, C ft. per sec. At the end of 
t seconds the wave front has traveled down the pipe a distance 
Ct f{t., and we now have a column of liquid under pressure p»» + 
P~: Moving at a velocity vm +. If S is the cross-section of the 
pipe, the volume of this column is SCt. 

The work done by the piston upon the liquid during the time 
t is, using the f.p.s. system, 


W = S(pm + (um + ft-lb. 


This work is expended in three ways: (a) in increasing the 
kinetic energy in the column of length SCt due to the increase in 
velocity from vm to ¥m +; (b) in increasing the potential energy 
in the same length of column due to the increase in pressure from 
Pm tO Pm + pi, and (c) in moving the original column against 
a pressure Pp» at a velocity vu» for ¢ seconds. Expressing these 
three quantities mathematically, we may write 


1 (pin + 
SCt 
2 J 


+ 
Canceling and introducing C = VV gJ/m, we have 


(Pm + (Um + [(Um+ v,)? — Um? ] 
g 


+ 5 [(pm + Pr) Pm?) + Pmt'm 


Putting V/mJ/g = r, and multiplying by 2r, the last equation 
reduces to Pm? — 2 rpmtm + 7? Um? = (Pm + pi)? — 2r(pm + Pi) 
(um + 1) + r? (um + v,)? from which 


Pm — = Pm + Pi — + 


The factor r = J/ (mJ /g) expresses then the relation between 
a change in velocity and the corresponding change in pressure. 
In m and J it involves the properties of the liquid dealt with. 
For any given liquidand pipe it is virtually a constant. In the 
case of the test pump, m = 62.3 Ib. per cu. ft., J = 38,450,000 
Ib., and g = 32.2, hence for the 2'/;-in. pipe and water, 


2. ,450, 


32.2 
= 60 lb. per sq. in. 
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An average value of the same constant for oil, assuming m = 
51 lb. per cu. ft. and J = 26,200,000 Ib. would be r = 45 lb. 
per sq. in. 


(d) Tue Laws or REFLECTION OF IMPULSES 


Although we are of course dealing with the types of impulses 
given to the liquid in the pipe by various types of reciprocating 
pumps, we shall for the present represent these impulses as 
following the simple sine law. 

Textbooks on sound and on hydraulics speak of closed- and 
open-ended pipes. We have a closed end when the pressure im- 
pulse hits a rigid wall and is reflected therefrom. An open end 
is of course exemplified by an open pipe, but the dividing surface 
between a liquid and a lighter medium like air, even when both 
are under pressure, acts like an open end. Thus if the line has 
a pressure tank at the outer end in which a body of air under 
pressure is maintained above the liquid, the pipe may be con- 
sidered to be open ended at that end and certain laws of reflec- 
tion of impulses apply. In addition to the possibilities of re- 
flection from open and closed ends, it is also possible to have 
reflection from changes of cross-section in a pipe system, which 
is in effect the general case. 

Reflections set up wave trains in a pipe which travel in a di- 
rection opposite to that of the trains which produce them. But 
reflected wave trains can again be reflected, if they come in con- 
tact with a reflecting surface before they die out by attenuation. 
Thus in a pipe of given length, there may be the original train 
caused by the exciting source and a series of reflected and re- 
reflected trains. Any one of these trains travels through the 
pipe as though the other trains were not present, but at a given 
point in the pipe the instantaneous pressure and velocity existing 
are the resultant of the pressures and velocities in all the trains 
passing that point at a given instant. 

Let p; be the impulse pressure due to the incident wave trains, 
i.e., the trains passing from a pump or other exciting source out- 
ward along the line, and let p: be the impulse pressure in the 
reflected train. For our present purpose only two trains will be 
considered. Also let »; and v, be the velocities associated with 
7~: and ps», respectively. It is understood that these pressures 
and velocities are again those superposed upon the steady pres- 
sure Pm and velocity vm. 

The general equations for resultant pressure pr and resultant 
velocity vr, due to the superposition of two trains may then be 
written, for any point in the line, 


and 


In order to arrive at the law of reflection from open and closed 
ends, it will be necessary to substitute in Equation [5] for p, 
and in terms of and te. 

Fig. 86 shows the four possible combinations that may be had 
between an incident and reflected train. The hatched areas 
represent elements dz of the liquid under compression, i.e., ~ 
or P, are positive. The plain areas indicate elements dr under 
rarefaction, i.e., p; or p: are negative. Cases (a) and (6) are 
associated with the incident train, cases (c) and (d) with the 
reflected train. The four possible combinations are: 


1 An incident compression [case (a)] combining with a 
reflected compression [case (c)]. 

2 An incident compression [case (a)] combining with a 
reflected rarefaction [case (d)]. 

3 An incident rarefaction [case (b)] combining with a re- 
flected compression [case (c)], and 


- 
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4 An incident rarefaction [case (b)] combining with a re- 
flected rarefaction [case (d)]. 


An examination of the diagrams of Fig. 86 will show that, 
in order for the impulses to travel as indicated by the large arrows, 
the instantaneous velocities in the liquid must be as indicated 
by the arrows associated with the v-values. We now see that 


For case (a), p, and v; are both positive, hence py) = rr 
For case (b), p, and v; are both negative, hence p, = rr, 
For case (c), pz is positive, v, is negative, hence pp = —rv2 
For case (d), p: is negative, v is positive, hence pp = —rr, 
In general then, in an incident train we always have p,; = rv, in 
a reflected train p, = —rv,. Substituting this result in Equa- 
INCIDENT TRAIN REFLECTED 
4 1 
4 
dx + dx xo 
PROPAGATION PROPAGATION PROPAGATION PROPAGATION 
OF IMPULSE OF IMPULSE OF I SE OF MPULSE 
GY 
Y EMENT UNDER iT UNDER 
PRESSION RAREFACTION 


Fie. 86 Four Possrtnte CoMBINATIONS OF AN INCIDENT AND A 
REFLECTED TRAIN 


OPEN END 
SE 
\ 4 
4 


INCIDENT TRAIN —= | REFLECTED TRAIN 


EERO OF PRESSURE 


CLOSED ENT 


\ a / 


—— REFLECTED TRAIN 


REFLECTION OF Wave TRAINS From OPEN AND ENCLOSED 
ENpbs 


INCIDENT TRAIN —— 


Fig. 87 


tion [5] we finally have for the resultant pressure due to the 
superpositions of two wave trains 


Pe = Da + — 02). (6] 


Returning now to the consideration of the laws of reflection, 
we shall consider first the general case, i.e., reflections from a 
change of cross-section in a line. 

There are two principles underlying these laws: 


(a) There must be no discontinuity of pressure, and 

(6) As much liquid must leave a certain point as arrives 
there. 

Let S; = cross-section of pipe along which the incident train 


approaches a given point 
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S, = total cross-section of all the branches leading from Solving for r 
S’,S",S', ete., denote the cross-sections of the branches; S +S, [12] 
their sum = 
Vim = steady velocity in pipe S\. Now = rv, and = —rt, hence 
my ete. = steady velocities in the branches S:— Ss 
v; = velocity in the impulses of the incident train arriv- = [13] 
ing through 
v, = velocity in the reflected train leaving through S,, and : CLOSED END 
v’, v”, v’”, etc. = velocities in the impulses leaving through r A 
the branches. 
t*0 
Before the incident train arrives, the pressure in all pipes is a" _ Pa 
the steady pressure pm, and by principle (b) above, we must have 
When the incident train arrives, it superposes upon pm an th — ya 
impulse pressure Pr = in pipe S,; the reflected train then Abs Pn 
superposes an additional impulse pressure pp = in pipe S), 
while the transmitted trains in the branches superpose upon pm 
impulse pressures rv’, rv”, rv’’’, etc. Hence by principle (a) 
above, te} = 
Pm + — = Pm + rv’ = pm + rv” = pm + rv"’... [8] wa ack 
t*0 
t® 
Fic. 89 ComMPpouNDING oF Wave TRaIns—CLOSED-END CasE 
i we FF i From [13] we may compute the pressure in the reflected train 
— | ae from the pressure in the incident train and the ratio of areas 
S,—S 
S,; and The factor has been called the reflection 
rg “ao 4 al From Equation [13] we may now also derive the laws of reflec- 
tion. If S; = S2, we find the value of the coefficient zero, i.e.. 
1 p2 = 0, so that there is no reflection, as might be expected. 
= For any value of S;>S,, the coefficient is negative, i.e., p, and 
tig a) ofl : XP P2 have opposite signs. If the incident impulse is a compres- 
sion, the reflected impulse is a rarefaction, and vice versa. The 


greater S, as compared with S,, the nearer will the value of p: 
Fic. S88 CoMPOUNDING OF Wave TRAINS—OPEN-END CASE approach —p;, and in the limit, p, = —p;. This is the con- 
dition of a completely open end. 

For any value of S;<<S,, the coefficient is positive, so that 


From this p2 and p; have like signs, that is, if the incident impulse is a 
{9} compression, the reflected impulse will also be a compression. 
me The smaller S, is, the nearer will p, be equal to p;, and if S; = 

Also, by principle (6), 0,» = m1. This is the condition of a completely closed end. 


Si (vim + + 02) = S’(v'm +0’) +8" (v'm +0") +587 (0"'m + 


: . T ize the di i ; ion, Fig. 
v”’) + ete., and, after canceling terms by means of Equation [7] » on of Fig 


87 shows how trains are reflected from closed and open ends in 

Si(v; + v2) = Sv’ + S%v" + S’'v"’ + ete....... [10] accordance with the theory. Those to the left of the dividing 

 :. ; ; walls are the incident trains, drawn in full line. The reflected 

Substituting for v’, v”, v’’’, ete., their equivalents from [9], wehave trains are drawn to the right of the dividing walls in dotted line, 

Sil indicating that they are in that position imaginary. The inci- 

iin + oy) li a dent trains must be imagined as passing from left to right through 
{11] the partitions, the reflected trains from right to left. 
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A study of this diagram shows that at a completely open end 
the pressures produced by an incident train are continuously 
balanced by the pressures in the reflected train called forth by 
the first, so that the resultant differential pressure due to the 
impulses is always zero. In other words, an open end in a 
pipe, or any cross-section in a system which acts as the substantial 
equivalent of an open end, is always a station of constant pressure 
at which the pressure equals the steady pressure pm. At a 
completely closed end the pressures in an incident train call forth 
equal pressures of like sign in the reflected train, so that we must 
always have the resultant pressure pp = pm + ~i + Pr = Pm + 
2p. That type of reflection is the only one that can occur at a 
pump end, unless there be an alleviator or air chamber at that 
end, for an incident train either hits the closed discharge valve 
or the interior walls of the cylinder. 


fe) THe CompounpING or INCIDENT AND REFLECTED WAVE 
TRAINS AND THE BurLpING Up or SraTionaRy WAVES IN PIPES 


Turning once more to Fig. 87, imagine a continuous train of 
incident waves traveling to the right. This calls forth a continu- 
ous train of reflected waves traveling to the left. The state- 
ment has already been made that any wave travels through the 
pipe as though the other were not present, but the pressure at 
any given point at any instant must, of course, be p» plus the 
resultant of p; + ps. Let the period of the wave be 7 seconds. 
Figs. 88 and 89 next show the component waves and the resultant 
wave for moments of time t = 0, 7/8, 7/4, 37/8, and 7/2, the 
former for the open end, the latter for the closed end case. It 
will be seen that in the case of the open end, Fig. 88, the result- 
ant waves have nodes at A, the open end, and at C and E, with 
antinodes, or loops, at B and D. The positions of these nodes 
and antinodes do not change for any moment of time, while 
between the nodes the pressures simply wax and wane, passing 
from a maximum to a minimum and back again in a cycle. 
At some instant between t = 37/8 and t = 77/2, the pressures 
all pass through p,,, and for that instant the line is under the 
constant pressure pm. Because these resultant waves appear to 
have no progression, they are called stationary waves. Note 
particularly that at the open end the pressure is constant at 
Pm, that is, in any point in a pipe system in which open-end con- 
ditions exist, we must have a point of constant pressure. 

For the closed end case, Fig. 89, we have again the formation 
of stationary waves, but this time with nodes at B and D, and 
antinodes at A, the wall, C and E. At the closed end of a pipe, 
therefore, the pressure swings from a positive to a negative maxi- 
mum, and oscillates between these two values. 
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Finally note that the period of the stationary wave is in either 
case equal to the period of the incident and reflected trains. 


Discussion 


Frank Kerrer.'? I would like to ask Professor Diederichs 
if the pump had a flywheel on it and if the pulsations were caused 
by the flywheel. 

I also would ask if the crude oil that was being pumped and 
in which these surges occurred was more elastic and more com- 
pressible than water. 

I would ask, too, if the pipe line expanded in diameter in re- 
sponse to the surges, and if this was measured. Was an air 
chamber used on the pump or the pipe line to overcome the 
surges? 

I would like to know if there was any noise in the pump or 
pipe line while these surges were on. 

The paper is very interesting to me because for some years 
I have been attorney in a gun-rifling case in which pressures 
of 40,000 Ib. or over were developed, and I have been studying 
the effect of leakage of gas and erosion. 


Avutuors’ CLOSURE 


The test pumps all had flywheels, but their action is not the 
cause of the pulsations. These are caused simply by resonance 
effects in the pipe line. All the flywheel does even in that case 
is to keep the speed more nearly constant. It was noticed when 
a pump had a light flywheel that, when the pulsations brought 
up in the line a compressional impulse, the pump speed de- 
creased very materially, owing to the momentary opposition 
of the pump impulse going out and the compressional impulse com- 
ing in upon the line. 

Oil is more compressible than water. The modulus of elasticity 
for water is about 300,000 lb. per sq. in.; that for oil, according 
to the best available information, about 200,000 lb. per sq. in. 
By comparison, that for steel is 30,000,000 lb. per sq. in., so that 
oil is about 150 times as compressible as steel. 

The pipe line undoubtedly ‘‘breathes’’ under the internal 
pressures produced by surges, but the effect was not measured. 
Air chambers, if properly applied, kill the surges, as the paper 
proves. 

When the system is under surge the hammering, both in the 
pump and the pipe line, was vicious; in fact, it was so bad that 
considerable difficulty was encountered in getting shop mechanics 
used to pumping equipment to work around the system. 


12 Mechanical Engineer, Rochester, N. Y. 
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Centrifugal Pumps in the Oil Industry 


By W. R. LAYNE,' BERKELEY, CAL. 


met with increasing favor in the oil industry, and has 

been adopted for many services for which it was formerly 
regarded as unfitted. This is particularly true in oil pipe-line 
and refinery services. 

Now that it is recognized as an important factor in the business 
it is timely that there be set forth a discussion of the character 
of the centrifugal pump and its many applications. This is 
particularly true when it is realized that the characteristics of 
the centrifugal pump differ widely from those of the positive- 
displacement pumps so long used and so generally familiar to 
pump operators. 

By definition, a centrifugal pump is a machine which utilizes 
centrifugal force for imparting velocity and pressure to a liquid. 
Essentially, this machine consists of a stationary outer member 
called the casing, within which is a rotating member which im- 
parts energy to the liquid. 

Before discussing specific applications to the various services 
of the oil industry, the fundamental characteristics of the centrif- 
ugal pump, which determine its performance, and which must 
be considered in specifying a pump for any required service, 
should be discussed. These characteristics may be graphically 
expressed, and they describe completely the pump performance 
in terms of flow capacity, head, efficiency, and horsepower. 

Three curves are usually plotted to show these essential char- 
acteristics. They are (a) the head-capacity curve, (6) efficiency 
curve, and (c) horsepower curve. Typical examples of these 
are shown in Fig. 1. These curves are obtained by an actual 
test of the pumps, usually pumping water. The quantity of 
water pumped is measured with a venturi meter or a weir box, 
and the heads with a calibrated pressure gage. Usually the 
pumps are electric-motor driven, and the power input to the 
motor is read from a wattmeter. Knowing the efficiency of 
the motor, the power absorbed by the pump may be computed. 
The efficiency curve may then be plotted, as the efficiency of 
the pump at any given quantity of discharge is the ratio of the 
theoretical power to the actual power required. 

Another method of determining the power required is to insert 
a dynamometer between the driver and the pump. The dyna- 
mometer indicates the actual power required by the pump and 
is independent of the efficiency of the driver. Fig. 1 shows the 
characteristics of a 3-in. two-stage pump running at 1750 r.p.m. 
Curve A shows the flow capacity of the pump for heads that 
may be opposed to the pump from zero to 460 ft. For instance, 
if a head of 410 ft. be opposed to the pump, a flow of 550 gal. 
per min. will be supplied by the pump. At 475 ft., either 150 
or 350 gal. per min. may be supplied, and it may be wondered 
which quantity will be pamped. This is determined by the 
head-capacity characteristic of the system through which the 
liquid is being pumped. Curves E and F show two different 
system head-capacity curves. If the system will pass 350 gal. 
per min. with a pressure due to a column of liquid 475 ft. high, 
then the pump will supply 350 gal. per min. If, however, the 
system will allow only 150 gal. per min. to pass with this same 
pressure, the pump will automatically supply only 150 gal. per min. 


[) = « the past ten years, the centrifugal pump has 


1 Special Oil Pump Engineer, Byron Jackson Pump Company. 

Presented at the Philadelphia Section Meeting, April 23, 1929, of 
THE AMERICAN Society OF MECHANICAL ENGINEERS. 

Note: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 


The head-capacity characteristic of a given system may be 
varied by operating a valve in it, or by the change of level of the 
liquid in a tank into which the pump is discharging, or by ac- 
cumulations of solids in the system. 

Curves, D, E, and F (Fig. 1) represent different system char- 
acteristics; D might represent the system with all valves open, 
and E and F with the valves partially closed. The output of 
the pump may be varied by throttling the discharge, and the 
maximum pressure that the pump will develop will be about 
488 ft. at a discharge capacity of 250 gal. per min., and with the 
discharge completely closed, or at zero discharge, the pressure 
is only equal to that of a column of liquid 460 ft. high. 

The head-capacity curve is usually plotted against feet of 
head, rather than units of pressure, because the head developed 
by a given runner at fixed speed is independent of specific gravity, 
whereas the pressure is dependent on specific gravity. This is 
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Fic. 1 Two-Stace Pump—1750 R.p.m. 
to say, @ given runner at a fixed speed will develop the same 
head (measured in feet) when pumping gasoline as when pump- 
ing water or any other liquid having the same viscosity. If 
the head is plotted in units of pressure as pounds per square inch, 
the specific gravity of the liquid should also be stated. 

Curve B is the efficiency curve and shows the percentage of 
power absorbed by the pump which is actually converted into 
velocity and pressure of the liquid pumped. It is desirable 
always to have this curve approach 100 per cent as closely as 
possible, and also to be fairly flat at the top, in order that good 
economy may cover as wide a range of capacities as possible. 
In the example given, the pump may be said to have fair efficiency 
from 300 to 625 gal. per min. as the efficiency is 60 per cent or 
better between these points. 

Curve C is the horsepower curve, and shows the actual horse- 
power required by the pump. It will be noted that the horse- 
power is a minimum at zero quantity discharge, that is, when 
the discharge valve is closed. Therefore, in starting up a centrif- 
ugal pump it is good practice always to start its operation with 
the discharge valve closed, in order to throw the load on the 
driver gradually. This characteristic may be borne in mind 
when the motor driving a centrifugal pump seems to be over- 
loaded; that is, the load may be reduced by throttling the dis- 
charge, in spite of the fact that a pressure gage on the discharge 
will show rising pressures by so doing. 

It is common practice to have a pressure gage on the pump 
discharge to indicate the performance of the pump. This is, 
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good and reliable practice. If the true character of the centrif- 
ugal pump be borne in mind, the pressure-gage readings are 
a true indication of the quantity being pumped if the head- 
capacity curve is known and is at hand. 

Some operators have noted when operating two similar pumps 
that the one operating against the lower pressure seems to over- 
load the motor, while the one operating at high head was under- 
loaded, which was contrary to expectation. A glance at the 
horsepower curve C and head-capacity curve A explains this, 
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Fic.2 Turee-Incu, Two-Stace Pump—1750 anp 1935 R.p.M. 


that is, the horsepower increases as the head decreases beyond 
the maximum. 

It may be wondered why the power increases in spite of a fall- 
ing head and increasing efficiency (in the region of 300 to 500 
gal. per min.). It was stated in the definition that the centrif- 
ugal pump is a machine for imparting velocity to a fluid. The 
velocity must increase directly as the quantity being pumped, 
as the pump and the pipes remain the same size. The energy 
required to move any mass varies as the first power of the mass, 
efficiency of the machine, and distance through which the mass 
moves, and as the second power of the imparted velocity. There- 
fore, the energy required increases much more rapidly than the 
head decreases or as the efficiency increases. 

If the three characteristic curves of the centrifugal pump be 
borne in mind and studied when questions of performance arise, 
confusion and doubt will usually be avoided and a clear under- 
standing of the problem will result. 


Facrors THat INFLUENCE PERFORMANCE 


Suppose that the desired operating condition does not fall 
on the head-capacity curve, but is as indicated in Fig. 2, at 600 
g.p.m. and 500 ft. of head. In order to make the pump operate 
at this point, the speed may be increased to give a head-capacity 
curve through this point as shown by the dotted curve. The 
efficiency curve and the horsepower curve will also be affected 
by whatever means is adopted to produce the head-capacity 
curve. 

Influences varying the performance characteristics of the 
centrifugal pump may be classified into three groups as follows: 

Case 1: No Alterations to Impeller. The principal factors 
affecting the normal performance curves of a centrifugal pump, 
assuming that the same casing and impeller are used, are: (1) 
Change of speed, (2) throttling the suction, (3) admission of gas 
or vapor to the suction, (4) changes of clearance between the 
wearing rings, (5) changes of the specific gravity of the liquid 
pumped, and (6) changes of viscosity. 

Case 2: Altering Impellers. The performance curve may 
also be varied by alterations to the runner by decreasing its 

+ diameter. 


Case 3: Substitution of Impellers. By using different im- 
pellers changed as follows, the performance can be changed: 
(1) changed diameter D and same width ba, (2) changed width 
ba and same diameter D, and (3) changed vane angles. 

Thus it may be seen that with a given pump an infinite number 
of performances may be obtained within certain limits, and 
these limits will be discussed in connection with the comment 
on each of the foregoing factors which influence performance. 

Case 1: Change of Speed. With a given impeller all these 
performance curves are affected as follows: (1) The quantity 
varies as the first power of the speed. (2) The head varies as 
the second power of the speed. (3) The horsepower varies as 
the third power of the speed. These relations are correct, pro- 
vided that the change of speed be not too great. 

The speed is limited by the diameter and the physical properties 
of the impeller, that is, the peripheral speed of the impellér must 
not be great enough to cause the impeller to burst. A certain 
factor of safety must be allowed according to the best judgment 
of the designer. For cast-iron impellers, a peripheral speed of 
80 to 90 ft. per sec. is about the maximum, and for a good bronze 
this may be increased to possibly 120 ft. per sec. 

Applying the three laws stated, the speed of the typical pump 
may be increased to make the head-capacity curve pass through 
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Fic. 3 Turee-Incu, Two-Stace Pump 
600 gal. per min. and 500 ft., as shown in the solid curve (Fig. 2), 


and the new efficiency and horsepower curves will result, as 
shown. Tabk 1 indicates the computations. 


TABLE 1 
——1750 revolutions per minute—— —1935 revolutions per minute— 
I Ill IV V Vil VIII 
Gal. per II Effi- Horse- Gal. per VI Effi- Horse- 
min. Head ciency power min. Head _ ciency power 
0 455 0 25 0 555 0 33.7 
100 470 31.5 38 lll 572 31.5 49.75 
200 480 50.0 50 222 585 50 67.3 
300 482 59.3 62 333 588 59.3 83.5 
400 465 63.5 73.5 444 568 63.5 98.2 
542.5 410 64.5 88 600 500 64.5 118.2 
600 375 61.5 93 666 on 61.5 125 
287 51 102 777 51 140 


700 
725 cut off point 800 cut on point 


Ratio of speeds = 1935/1750 = 1.11 (first power = 1.11) 

Second power of speed ratio = (1.11)? = 1.2 

Third power of speed ratio = (1.11)% = 1. 345 

Columns I, II, III, and IV are read it Til from Fig. 1. 

Column V i is column I multiplied by 1.11 

Column VI is column III multiplied by 1.22. 

Column VII is the same as column III for corresponding points. 

Column VIII is column IV multiplied by 1.22. 

Fig. 2 is plotted from the table and the corresponding points joined to 
show trend of changes with change of speed. 


The speed of 1935 r.p.m. was obtained by the method of “trial 
and error,” by selecting points on the head-capacity curve for 
1750 r.p.m., until a ratio of speeds was found that would give 
600 gal. per min., when the gal. per min. value at 1750 r.p.m. was 
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multiplied by the speed ratio, and 500 ft. by multiplying the 
head at 1750 r.p.m. by the speed ratio squared. 

When contemplating an increased speed to obtain the desired 
performance, the first consideration after determining the ree 
quired speed is to see whether the resulting peripheral speed is 
within the limits of safety, then the new horsepower require- 
ments must be provided. 

The best efficiency point of the pump carries forward with the 
increased capacity; that is, the efficiency at the operating point 
at one speed is the same for the corresponding operating point 
at another speed. 


Case 1: THROTTLING THE SucTION 


The characteristics may be altered by throttling the suction, 
though this is a very unusual practice and is economical only 
in certain rare cases. Suction throttling is generally accidental 
due to choking of the suction line, and a knowledge of the effect 
is of value mainly to permit the detection of this condition in 
order to remedy it. 

When the suction is throttled the normal head capacity will 
begin at zero discharge and proceed with increasing capacities 
at normal heads up to a certain capacity, beyond which the 
heads are abnormally low, and the resulting head-capacity curve 
will fall below the normal throughout its remaining length, 
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the amount of deviation depending, of course, upon the degree 
of throttling. 


Case 1: Apmission or Gas oR VAPOR TO THE SUCTION 


Even with flooded suction, the admission of gas or vapor to 
the suction will cause the head-capacity curve to fall below its 
normal position. The resulting curve will begin at a normal 
value for zero discharge but drop away immediately and con- 
tinue to deviate increasingly from the normal position. This 
effect may be due to leaking glands which allow air to enter the 
pump, or to leaks in the suction line, or to the formation of vapor 
at entrance to the impeller, if the temperature of the liquid be 
near its boiling point. In pumping hot liquids especially, this 
sort of trouble may follow if an inverted U-bend is present in 
the suction line, or even with an apparently slight air or vapor 
pocket. 


Case 1: CHANGEs or CLEARANCE BETWEEN WEARING RINGS 


If the liquid pumped carries abrasive matter, the short-circuited 
liquid which flows always from the impeller’s periphery back 


PET-51-3 55 
to its inlet between the casing and the impeller will carry the 
abrasives through the narrow clearances and cut away the sur- 
faces of the wearing rings. As the clearance increases, the 
amount of short-circuited liquid increases and the quantity dis- 
charged by the pump decreases. The resulting head-capacity 
curve starts normally at zero discharge, but falls below the nor- 
mal portion throughout its entire length, and the efficiency de- 


creases. 
Case 1: CHANGES IN Speciric GRAVITY 


Changes of specific gravity of the liquid pumped do not affect 
the head-capacity curve or the efficiency curve, but do affect 
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directly the power curve. That is, a pump handling gasoline of 
specific gravity of 0.75 will require only 045 of the horsepower 
that it would if handling water. 

There may be an apparent effect on the head-capacity curve 
if it be plotted in terms of pressure instead of feet of head. With 
a recording pressure gage, the discharge of a centrifugal pump 
handling hot oil may show varying discharge pressures due to 
changes of temperature and consequent changes of specific 
gravity of the oil, but if all other conditions are constant the feet 
of head will remain constant although the pressure-gage read- 
ings may vary. 


Case 1: Errect or VIScosiry 


The effect of viscosity upon the performance curves of a centrif- 
ugal pump is to lower the position of the head-capacity curve, 
and to lower the efficiency curve and to raise the horsepower 
curve, as shown in Fig. 6. If the water performance of a centrif- 
ugal pump be known and the dimensions of the impellers, the 
effects of viscosity may be computed. However, the laws are 
rather complicated and the mathematical equations are rather 
too complicated for ordinary use. (See Proceedings of the Ameri- 
can Society of Civil Engineers, August, 1928, page 1709, ‘“Char- 
acteristics of Centrifugal Oil Pump” by M. D. Aisenstein.) 

Generally speaking, the effects of viscosity are more pronounced 
in small pumps than large ones, and, therefore, it is difficult 
to say what viscosity is the maximum that can be handled eco- 
nomically with a centrifugal pump. To give an approximate 
value, it is perhaps safe to place it at 2000 Saybolt universal 
seconds for pumps of 500 gal. per min. or more. Note that 
this viscosity is at the pumping temperature. 
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In the pumping of hot oils, the viscosity is of no practical 
seriousness, as nearly all petroleum oils have viscosities approach- 
ing that of water at 500 deg. fahr. and up. The specific gravity 
is of far more importance to the designer, as he must design 
the impeller for feet of head; specific gravities as low as 0.68 
are not unusual, so that when the head is stated in pounds 
per square inch the specific gravity is an important considera- 
tion. 

Of all the losses of power in the operation of a centrifugal 
pump, disk friction is the one greatest affected by viscosity. 
When pumping water, the disk friction is usually of the order 
of about 5 per cent of the total horsepower required, and varies 
as the third power of the speed and fifth power of the diameter 
of the runner. In viscous liquids, the disk friction may be 
many times greater than in water, and it is always necessary to 
determine in advance whether a pump which is good for water 
service is suitable for oil, and then provide a proper motor for 
the oil-pumping conditions. 


Case 2: ALTERATIONS TO THE IMPELLER 


The simplest change in a runner to affect its performance 
curves that can be made is to reduce its diameter. This has the 
same effect as reducing the speed. In many cases the diameter 
may be reduced 15 to 20 per cent without affecting the efficiency 
too greatly. This limitation depends upon the vane angles and 
the head and capacity relations of the runner. 

As an example of the effect of reducing the impeller diameter, 
refer again to Fig. 2. Three similar laws apply here as in the 
case of changing speed. For constant speed, (1) the quantity 
varies as the first power of the diameter, (2) the head varies as 
the second power of the diameter, and (3) the horsepower varies as 
the third power of the diameter. These relations are true approxi- 
mately; actually the head drops below the recalculated value. 
As a rule, the efficiency falls off somewhat with the cut, and the 
laws do not hold near the cut-off point. 

If we assume that the curves of Fig. 2 showing the performance 
at 1935 are for the full diameter impeller at a given speed, which 


1035 
have to be for D = 1750 X 15 or about 16.6 in., then the curves 


as shown for 1750 r.p.m. would be those for the 16.6-in. impeller 
cut to 15 in., and operating at that same given speed. 

An interesting point in the cutting of impellers to reduce 
their diameters is that in most cases the vanes only should be 
cut, leaving the shrouds full diameter. This does not increase 
the short-circuited liquid (from impellers out-let to in-let) and 
tends to maintain the original efficiency. If the shrouds are 
cut as well as the vanes, the amount of short-circuited liquid may 
be increased considerably, thus reducing the original efficiency 
of the pump. 

The advantage of cutting the impeller over that of throttling 
to obtain a reduced quantity is shown by the position of the horse- 
power curve for the cut runner; that is, the required horsepower 
for any given quantity is less with the impeller of reduced diam- 
eter. 

Another change that may be made in a runner to alter its 
performance is to chip the exit ends of the vanes to alter the 
angles and channels; in some cases, such chipping results in in- 
creasing the capacity of the runner and may also increase the 
head values. 


Case 3: SupstiruTion or DIFFERENT IMPELLER OF CHANGED 
DIAMETER BUT SAME WIDTH AND TYPE OF VANE 


Similar laws govern the changes effected by using a runner of 
increased diameter but otherwise with the same characteristics 
and dimensions. Referring to Fig. 2, if the curves for 1750 r.p.m. 
be assumed to show performance of a 15-in. runner at 1750 r.p.m., 


then the curves for 1935 r.p.m. would be obtained with a runner 
of 16.6 in. diameter and 1750 r.p.m. 

The substitution of larger diameter runners is limited always 
by the dimensions of the casing, and may in some rare instances 
be limited by safe peripheral velocity considerations. 


Case 3: SusstiruTion oF DIFFERENT IMPELLER WITH SAME 
DIAMETER AND TYPE OF VANE BUT DIFFERENT WIDTH 


If the same type of vane and same diameter be retained and 
the width of the impeller be varied, the capacity of the pump will 
vary directly as the width for a given speed and head. The 
efficiency will improve with increase in the width of the impeller, 
mainly because the disk friction losses remain practically con- 
stant. The hydraulic or theoretical horsepower increases di- 
rectly with the width, thus the ratio of power loss to power input 
is decreased, which means increased efficiency of operation. 

The possible increase of impeller width is limited by the di- 
mensions of the pump casing and may be as great as 50 per cent. 
It should also be noted that the full proportionate increase in 
quantity may not be realized at the lower heads due to throttling 
effect at the eye of the runner and increased casing losses. Fig. 
3 shows the effect of substituting a wide impeller but keeping 
the same speed, diameter, and type of vane. 


Case 3: SvusstiruTion or DIFFERENT IMPELLER WitTH SAME 
DIMENSION AND WIDTH BUT DIFFERENT VANE PROFILE 


By changing the angles and shape of the vanes, even though 
the diameter and width be kept the same, the shape of the head- 
capacity curve may be changed. As an example, by this means 
curve A may be changed to curve G (Fig. 1). 

So far this paper has discussed the behavior of the centrifugal 
pump asa whole. It may be of some interest to comment on the 
casing losses and how they are affected by viscosity. The princi- 
pal casing losses are made up of shock losses and friction in the 
volute and its connecting channels. 

In Fig. 4, curve A represents the shock losses, which are due 
to changes of velocity and are independent of the viscosity. 
Curves B and C represent the friction losses for water and a 
viscous oil, respectively. If the shock loss and friction loss 
curves be summed up we have the resultant casing losses (D 
and E) for water and oil. It will be noted that for water, low 
total losses result over a considerable range of quantities, whereas 
for oil the minimum total loss is greater and the range of quan- 
tities for low losses is much less. It should be noted that for a 
given casing there is only one value of quantity that results 
in a minimum total casing loss and this quantity is the one where 
the shock-loss curve and the friction-loss curve intersect. 

In commercial manufacturing, it is impossible for the manu- 
facturer to carry in stock enough casings to meet all the require- 
ments that arise, therefore it is necessary to design a limited 
number of casings with as wide a range of low total loss values 
as possible, and select the one nearest the actual requirement. 
For water pumping, this permits the carrying of relatively few 
patterns without sacrificing too much in the way of casing losses, 
but for viscous liquids, considerably more care must be used in 
the design or selection of the proper pump casing. 

The preceding discussion covers briefly the principal factors 
that are responsible for alterations to the characteristics of a 
centrifugal pump. A competent designer can, therefore, by a 
proper application of the laws governing these factors produce 
a pump that will meet the required operating conditions. When 
a pump has been tested with water and its curves determined at 
one speed, these curves may be used as a basis to determine all 
possible uses of the pump, and also as a guide to locate the causes 
of any irregularities of performance. 

It is a characteristic of the centrifugal pump that it takes full 
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advantage of whatever head is impressed upon the suction of the 
pump. That is, if the liquid reaches the pump under a given 
pressure, the pump will add whatever pressure of its own it may 
be able to develop to the pressure on the suction, and the dis- 
charge pressure will be the sum of the suction pressure plus the 
head built up by the pump. Therefore, if a single-stage pump 
will not develop the required head, it is perfectly feasible to 
operate two or more of these pumps in series. This same thing 
is accomplished by building in one casing what is equivalent to 
several pumps operating in series; that is, by having two or 
more impellers enclosed in the same casing and operating in 
series. By this means, almost any desired head may be built 
up from a few feet to several thousand pounds of head. Gen- 
erally speaking, nothing is sacrificed in the way of efficiency by 
using a number of stages; the efficiency of the multistage pump 
will in general be as good or sometimes a trifle better than the 
efficiency of a single stage. 


APPLICATIONS 


The oil industry may be grouped into four grand divisions; 
namely, production, pipe line, refining, and marketing. In the 
production end of the industry, the centrifugal pump has met 
with fewer applications than in any other division. This is 
for the reason that in the production end the centrifugal pump 
cannot be used practically for raising the oil from the wells on 
account of the extreme depth of the wells, so that the only appli- 
cations that could be considered would be in handling the oil 
after it has come out of the ground. On account of the fact 
that these pumps (which are generally called ‘gathering pumps,” 
for moving the oil from the wells to the storage tanks) would be 
pumps of rather small capacity working against relatively high 
heads, which are the two conditions under which the centrifugal 
pump is at its greatest disadvantage, not many centrifugal pumps 
are used. 

Such pumps can be built readily, but their cost of installation 
is generally so much higher than the simple reciprocating pump 
that it rules them out of consideration. Another reason that 
they cannot be used economically is because the operating con- 
ditions in the production end vary so widely that if a pump 
were installed for a given set of conditions the chances are that 
these conditions would be changed very materially within a 
short time, and the pump for that reason would not be suitable 
for the required service. Other reasons militating against the 
use of centrifugal pumps are absence of electric power lines for 
driving motors and in many instances the fact that steam is 
not available. Of course, in the handling of the water supply in 
the production end, centrifugal pumps may be used with every ad- 
vantage for which they may be used any place in handling water. 

Centrifugal-pump manufacturers have been asked many times 
why they do not build a centrifugal slush pump to be used in 
connection with the drilling of oil wells. This has been con- 
sidered seriously, but the requirements of slush pumps are so 
severe and of such a nature that it would be difficult, indeed, 
to build such a pump that would sell for a price low enough to 
compete with the ordinary types of steam plunger pumps. These 
pumps must be capable of developing a pressure of several hun- 
dred pounds at their discharge and handle water that is heavily 
charged with mud which would in a short time cut out the hardest 
materials that could be used in construction. However, if it 
were merely a matter of handling abrasive material, the problem 
could be solved, but in solving the problem it is necessary to 
go into such expensive construction that the pumps could not 
be sold in competition with the cheaper steam pumps. 


SERVICE 


The first centrifugal pipe-line pumping stations were installed 


in California in the summer of 1923. These installations at- 
tracted widespread interest on the Pacific Coast, and were written 
up in some detail in Oil Age for October, 1923. Tests of these 
stations were made before representatives of practically every 
concern in California interested in the transportation of oil 
through pipe lines. These installations were made by the 
Petroleum Mid-Way Pipe Line Company, who were under con- 
tract to deliver with these pumps to the loading stations a quan- 
tity of 36,000,000 bbl. of oil for the Standard Oil Company of 
New Jersey, within a period of three years’ time. The initial 
station was located at Signal Hill and consisted of two two- 
stage pumps operated in series and driven from a single 200- 
hp. electric motor equipped with manual control. These pumps 
handled something like 38,000 bbl. per day against a discharge 
pressure of about 260 lb. per sq. in. 

The second station consisted of similar units but arranged 
entirely with automatic control so that no attendance was neces- 
sary, inasmuch as the pumps were started and stopped auto- 
matically from pressure built up from the initial station. No 
surge tanks or storage tanks or tankage of any kind were used 
at the second station. The performance of these pumps excelled 
all expectations in their initial test run and have been running 
with entire satisfaction to the present time. 

Shortly after the installation of the foregoing pioneer system, 
the Standard Oil Company of California at its El Segundo re- 
finery installed a centrifugal pump to handle gasoline through 
seventeen miles of line from this refinery to the harbor at San 
Pedro. This pump was manually controlled and designed to 
handle gasoline against the pressure of 650 Ib. per sq. in. A 
couple of years later the Shell Petroleum Corporation installed 
a 100-mile line from Ventura to Watson, California, to handle 
gasoline. This line was equipped with two centrifugal stations, 
the initial station being a steam-turbine-driven unit. Some 
forty or fifty miles from the initial station, there was installed 
an entirely automatic electric motor-driven unit. These two 
stations were designed to handle something like 100 gal. per 
min. against heads of about 600 lb. per sq. in. Inasmuch as 
no surge tanks or storage tanks were necessary at the inter- 
mediate stations, all losses due to evaporation were avoided, 
and the statement was made by the owners of this system that 
this had resulted in saving a considerable amount of money. 

Other successful installations were made in California, and 
although their success was not questioned by the oil industry 
the pipe-line people of the Mid-continent area were not par- 
ticularly impressed as they felt that Mid-continent conditions 
were such that the centrifugal pump could not hope to compete 
with oil engines. It was felt by the pipe-line engineers of the 
Mid-continent that electric-power rates were not low enough 
to warrant the use of the electric motor and that the efficiencies 
of the centrifugal pump were not high enough to compete with 
the plunger pumps, and there was a deep-rooted feeling that the 
centrifugal pumps could not develop the necessary pressures 
required for pipe-line service. The pump manufacturers began 
in 1924 to interest the pipe-line industry of the Mid-continent 
in centrifugal pumps for pipe-line service, but met with very 
little success until the year 1927, when the initial installations 
were made. Since that time practically every major pipe com- 
pany of the Mid-continent area has made one or more installa- 
tions of electric motor-driven centrifugal pumping stations, and 
in several instances the entire line has been equipped with such 
pumps. 

These pumping units usually consist of two pumps, each driven 
by its own motor, and developing pressures, when so connected, 
from 600 to 800 lb. per sq. in., and capacities from 15,000 to 
50,000 bbl. per day. Electric-power companies have come to 
recognize that the pipe-line pumping load is a very desirable 
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one, and have made special rates in many instances to enable 
the pipe-line company to use the electric motors for drive. 

Since these pumps are coming into general use and are new 
to the great body of pipe-line operators, it is well at this point 
to discuss the characteristics of the centrifugal pumps that par- 
ticularly apply to the pipe-line industry. We must of necessity 
repeat here some of the ideas set forth in the early part of this 
article. The following is general and intended to cover the fac- 
tors thaf should receive consideration in the proper selection of 
the centrifugal pump for oil-pipe-line service. 

Before attempting to fix the specifications for the performance 
of a centrifugal pump for a given service, a study of the char- 
acteristics of the proposed pipe line should be made to determine 
the range of capacities and heads that will result in the pump- 
ing of oils of different viscosities, or the same oil at varying vis- 
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(1750 r.p.m. A and B are characteristics for 18.6 miles of level 8-in. pipe 
line.) 


cosities due to change of temperature between winter and sum- 
mer conditions. For example, in Fig. 6, the curves A and B 
show the variation of friction head due to change of viscosity 
between the values of 32 and 200 Saybolt universal seconds in 
an 8-in. line 18.6 miles long, the specific gravity values varying 
from 0.86 to 0.84, respectively. Having determined the line 
characteristics, the required extremes of head and capacity 
may be specified for the pump. 

The characteristic curves of a centrifugal pump are affected 
by the viscosity of the oil being pumped, according to certain 
definite laws, as already discussed. Thus, if the range of vis- 
cosities and gravities be known, and the desired heads and ca- 
pacities be known, it is generally possible to proportion the 
various parts of the pumps so that the desired results will be ob- 
tained. In Fig. 6 are shown the quantity-head curves, and 
efficiency curves, which determine the horsepower curves, for 
two 6-in., five-stage centrifugal pipe-line pumps, piped in series 
and running at 1750 r.p.m. 

Quantity-Head Curve. This curve shows the quantities that 
the pump will supply against the pressures that may be opposed 
to the pump by the pipe line. It will be noted that for zero 
quantity (closed discharge valve), the pressure developed is 
only 850 Ib. per sq. in., a value well within the safe limits of pipe 
strength. Also note that the minimum required horsepower 
occurs at zero quantity. The maximum pressure of 910 lb. per 
sq. in. is developed at 16,000 bbl. per day, which does not exceed 
the strength of the line. 

The shape of this curve is determined by the proportions of 
the impeller and the shape of the vanes, and is within the con- 
trol of the designer. This curve may be made so that the maxi- 


mum pressure developed by the pump is at zero quantity dis- 
charge. It will be noted that for the pump shown either zero 
quantity or 30,000 bbl. per day, at 32 viscosity, will be dis- 
charged at 855 lb. per sq. in. and it is sometimes asked how the 
pump knows which quantity to supply. This is automatically 
determined by the characteristic of the system into which the 
pump is discharging; that is, the pump will supply the quan- 
tity shown where the system quantity-head curve crosses the 
pump quantity-head curve; as at 40,000 bbl. per day for curve 
A and the pump quantity-head curve at 32 viscosity. At zero 
quantity, the line characteristic has been altered by adding the 
resistance of the closed discharge valve, and the system quantity- 
head curve becomes a vertical line through the zero quantity 
point and the pump quantity-head curve at 850 lb. per sq. in. 
Thus it is evident that the quantity discharged may be regulated 
by throttling the pump with the discharge valve. 

It is evident from this curve that no dangerous pressure arises 
due to any sudden choking of the line, as this merely results in 
reducing the quantity pumped and is analogous to closing the 
discharge valve, with the results as already pointed out. If the 
opposite condition occurs—that is, if the line should burst near 
the pump discharge—there will be a reduction of pump pres- 
sure, an increase of quantity pumped, and an increase in re- 
quired horsepower to a maximum, and then a decrease in horse- 
power. 

In Fig. 6 the head is given in pounds per square inch rather 
than feet, because the pressure in pipe-line work is always stated 
in pounds per square inch, and the statement of the pressure 
in feet would mean very little to pipe-line operators. In de- 
signing centrifugal pumps, however, the head values are always 
computed in feet; and for a given pump, at a given speed, the 
number of feet of head developed is the same for all liquids of 
the same viscosity, regardless of their specific gravities. The 
head values in pounds per square inch obviously depend on the 
specific gravity of the liquid pumped. Therefore, if we state the 
head thus, we must also state the specific gravity, as in Fig. 6 
(0.86), where it is assumed to be the same for the two viscosities 
shown. Generally the more viscous oils have the greater specific 
gravities. 

The effect of increasing viscosity on the quantity-head curve 
is to decrease both quantity and head as indicated by the broken- 
line curve. The magnitude of this effect for a given viscosity 
is influenced by the physical dimensions of the pump as a whole, 
but particularly by the impeller dimensions, such as the width, 
number, and angles of the vanes, etc. Also, the greater the ca- 
pacity of the pump, the less is the effect of viscosity, and one 
large pump would be less affected by viscosity than would two 
small ones running parallel to give the same capacity. The 
laws governing the effect of viscosity on the performance of a 
centrifugal pump have been formulated and published, as already 
stated. 

Therefore, in the selection of a pump, one should be chosen 
that will be least affected by changes of viscosity from the nor- 
mal operating condition, assuming that all pumps considered 
have equally good performance under normal conditions. 

Efficiency Curve. This curve expresses the power economy 
of the pump for various quantities of oil discharged. The 
efficiency is the ratio of the theoretical to the required or brake 
horsepower. If the pump were 100 per cent efficient through- 
out its range of capacities, the efficiency curve would be a hori- 
zontal line passing through 100 on the scale. Therefore, the 
best pump from the standpoint of efficiency is the one having 
a flat efficiency curve whose maximum point approaches nearest 
to the value of 100 per cent. Such a pump would have best 
economy over a wide range of quantities pumped. 

It is conceivable that one pump might have a steep efficiency 
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curve and higher maximum efficiency point than the maximum 
point of another pump with flat efficiency curve, but even so, 
the flat curve would usually be preferable. This is because it is 
seldom that the actual operating conditions are the same as 
those predicted before the purchases of the pump, and there is 
less chance of the actual operation being at peak efficiency with 
the steep curve. 

The efficiency, like the quantity-head characteristic, is affected 
by changes of viscosity according to the laws set forth by Aisen- 
stein, so that a skillful designer may control (within limits) 
the magnitude of the effects of viscosity. Obviously the pump 
to be chosen is the one affected least by increases of viscosity. 

In Fig. 6, the effect of changing from 32 viscosity to 200 vis- 
cosity is shown by the two efficiency curves. The decrease in 
efficiency is more pronounced as the viscosities become greater 
until at viscosities above, say, 2000 the possible pump efficiency, 
with present pumps, drops to values so low that the power costs 
would be prohibitive. Here again at a given viscosity the 
larger capacity pumps will have the greater efficiencies, and a 
relatively large pump might have good efficiency whereas a small 
one, handling the same oil, would be useless. 

Horsepower Curve. In Fig. 6, it may be observed that the 
required horsepower at zero discharge or at shut-off head is 
considerable, and not zero. This is because power is consumed 
in the bearings and stuffing boxes, but principally in churning 
the oil and in disk friction. By a proper understanding of the 
laws involved, the skilled designer can minimize these losses. 

For a well-designed pump, the horsepower required will in- 
crease about in a straight line as the quantity increases, up to 
a certain maximum (about 48,000 bbl. per day in Fig. 6) and 
then decrease as the quantity continues to increase. This is 
commonly called a ‘“‘non-overloading” characteristic, and is de- 
sirable. With a poorly designed pump the horsepower might 
continue to rise, and might even rise faster at the upper end, 
thus requiring a much larger motor to take care of emergencies, 
such as the bursting of the line on the discharge side of the pump. 

In specifying the horsepower rating of the motors, it is good 
practice to make it great enough to cover the maximum require- 
ment, even though this is considerably beyond the rating point 
specified. 

Mechanical Considerations. Assuming that the hydraulic 
characteristics of two pumps are practically the same, there 
still may be a decided choice between them based purely on the 
mechanical considerations. 

Casings. The casings should be, as nearly as possible, of 
simple shapes, of uniform section, in order to get good, strong, 
liquid-tight castings. There is no particular difficulty in ob- 
taining strong castings, but considerable care is required to get 
castings that will be absolutely oil tight under the high pressures 
that are necessary. In order to do this, some users have re- 
sorted to solid bronze castings, which give the required strength 
and are more promising of tightness than cast iron or cast steel 
would be. Good cast iron, however, if handled properly in the 
foundry will meet all the requirements. All casings should be 
subjected to a static test pressure with gasoline for a period of 
time during their course of manufacture, in order to disclose 
any leaks. This pressure should be not less than 1000 lb. per 
sq. in. On the larger capacity pumps, it is preferable to make 
the cross-over channels as separate castings, with easy bends 
and proper cross-sections to minimize friction losses. All cas- 
ings should be provided with proper vent pipes in order to facili- 
tate priming, and those vent pipes should be provided with extra 
strong or “hydraulic’’ fittings. 

Casing Stud Bolts. These should be of best quality steel, 


such as Nichrome, so that they will not stretch and permit leak- 
age through the casing joints. 


They should be fitted with 


PETROLEUM 


PET-51-3 


59 


acorn nuts of the same quality of steel to prevent leakage around 
the studs. 

Impellers. Impellers should be of the closed or fully shrouded 
type, and may usually be of bronze. They should be equipped 
with replaceable wearing rings of bronze, if there is no consider- 
able abrasive material in the oil, or of hard steel if there is much 
abrasive matter to be handled. 

Wearing Rings. Where there is any considerable abrasive 
matter in the oil, the wearing rings should be made of hard ma- 
terial. The case wearing ring should be made of hard steel and 
the impeller wearing of cast iron. The best efficiencies are real- 
ized with very close clearance between the two rings, but if the 
clearance is too close, trouble will result in the event that the 
pump is run “dry” or empty of oil. This might happen when 
changing the suction from one tank to another, and in so doing, 
not keeping the suction line filled. Under this condition, the 
rings become dry quickly and may heat up abnormally, expand, 
and seize, thus destroying the rings. Therefore, it is better to 
provide sufficient clearance between the rings, even at the ex- 
pense of a point or two in efficiency. 

Shaft Sleeves. The very best material for shaft sleeves in 
all cases is hardened steel, ground to finish. Where the oil is 
free of abrasive, bronze may be satisfactory. 

Main Bearings. These require no particular mention as the 
problem is not particularly different for these pumps than for 
other cases of similar speed and loading. 

Thrust Bearings. Even though the impeller arrangement may 
be such that there would be theoretically a perfect hydraulic 
balance, there should be provided a positive thrust bearing to 
take care of thrust in either direction. Thrust may be caused 
by obstructions in the impellers, by variation from positive to 
negative pressure on the pump suction, or by the close proximity 
of the suction elbow to the suction nozzle of the pump. Often 
the thrust load may be very great for short periods of time, and 
the thrust bearing should be made with a jacket for water or 
oil cooling, and the circulating liquid allowed to flow through 
it at all times. 

Stuffing Boxes. The stuffing boxes should be very deep and 
provided with lantern rings to allow oil sealing. They should 
be jacketed for oil or water cooling, and the cooling medium 
allowed to flow continuously during the operation of the pump. 
The lantern rings and glands should be of the split type to facili- 
tate packing. 

The sealing oil should be free of abrasives, and if the oil being 
pumped contains them, either clean oil should be provided from 
a separate source or a filter of ample capacity provided ahead 
of the lantern ring. Lacking all of these, a temporary expedient 
is the use of an alemite gun to force grease into the lantern ring 
periodically. 

Packing. This is a difficult subject to discuss, for wherever 
three men are gathered together to discuss packing, there will 
be three separate opinions as to the kind of packing to use, and 
probably three opinions as to how it should be used. It seems 
to be true that success with packing depends for the most part 
upon the pump operator; that is, the man who packs it originally 
and the man who looks after it during operation. 

Many kinds of packing are in use, and no attempt will be 
made here to recommend any particular manufacture. One of 
the most satisfactory is a babbitt-foil wrapped packing. To in- 
stall the packing, rings should be cut with butt joints just meeting 
snugly around the shaft. The joints should be broken or stag- 
gered, and each ring of packing inside the lantern ring should 
be forced solidly into place with a cylindrical tool, so that the 
fit is uniform all around the shaft. This is to prevent the pres- 
sure during operation from getting between the shaft and the 
packing. The rings of packing outside the lantern ring may be 
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squeezed into place all at once with the gland. Then the gland 
should be slacked off, and then tightened up again only slightly 
tighter than “finger-tight.”’ 

When starting up the pump, after proper packing, no alarm 
need be felt if some heat develops and oil vapor appears at the 
gland. After running a while, the packing will become adjusted 
to the shaft, and if some leakage of oil is allowed, the stuffing 
box will cool down and operate satisfactorily. 

Two Pumps in Series or One with Twice the Siages. At the 
present time most users favor using two pumps in series rather 
than one pump. This is because the two pumps may be con- 
nected also in parallel for double capacity, one-half head opera- 
tion, or for combination with a third pump; in other words, 
greater flexibility of operation is obtained without decreasing 
the efficiency materially. About the only disadvantage is that 
there are twice the number of stuffing boxes to care for, and the 
low-pressure stuffing box on the high-head pump must work 
against one-half the total pressure put up by the unit. 

High- or Low-Speed Pumps. The relative merits of high and 
low speeds must be discussed and the two speeds most commonly 
considered are 1750 r.p.m. and 3450 r.p.m. It is commonly 
accepted that low-speed machinery does not wear out as rapidly 
as does high-speed machinery, but there may be other considera- 
tions that are of more importance in a given case. It is ad- 
mitted that the higher speed permits of offering a cheaper pump 
due to a design with fewer stages and small diameters, and also 
possibly a pump that is slightly more efficient due to more re- 
duction of losses such as disk friction, friction in the volutes, 
etc. All these advantages are more than outweighed by the 
far greater reliability in operation at 1800 r.p.m. 

With a given capacity, the velocity of oil entering the eye 


_ of the impeller is approximately the same irrespective of speed; 


therefore, the suction area and diameter will be the same, if we 
disregard the insignificant reduction of hub area due to the 
smaller shaft generally used at the high speed. The same im- 
peller eye leads to the same wearing ring diameters and with a 
doubling of the speed to a greater increased wear. 

Furthermore, with a given eye diameter, in order to have a 
sufficient outside diameter to the eve-diameter ratio, for an 
efficient vane development, the minimum impeller diameter is 
fixed. This leads to an impeller size which at 3600 r.p.m. gives 
higher head per stage than is desirable for best operation with 
reference to wear. This higher head per stage demands a greater 
differential pressure at each stage between the discharge and 
suction sides of the impeller, tending to increase the wear due to 
higher velocities through the wearing rings. This increased 
wear is aggravated by the simultaneous doubling of the wearing 
ring speed. 

Experiments with various machines of different character, 
notably ball and roller bearings, gears, journals, journal bearings, 
etc., show an increase in wear from the first to the fourth power 
of the speed under most favorable conditions, excluding grit. 
The increase of wear will be accelerated materially with the intro- 
duction of grit in the fluid as shown in the pumping of sand, 
clay, and cement, where invariably low-speed units are specified 
to minimize the wear. 

Unequal wear of the impeller shrouds and vanes causes un- 
balance, the effect of which is proportional to the product of 
the head per stage times the revolutions per minute. Even 
with the same number of stages the effect is double at 3600 r.p.m. 
of that at 1800 r.p.m., and is further increased in direct propor- 
tion of the head as the number of stages are reduced. As an 
example, if due to this unequal wear unsatisfactory operation be 
encountered, necessitating a change of rotating elements, more 
than three such changes will be required for a six-stage 3600- 
r.p.m. pump or for a ten-stage 1800-r.p.m. unit. 


Distance between bearings for the same shaft diameter should 
be less at 3600 r.p.m. to avoid critical speeds and excessive deflec- 
tions due to unbalance, practically excluding an integral pump 
for this reason alone. A speed of 1800 r.p.m. permits the use 
of more efficient synchronous motors which may carry a preferen- 
tial rate; 3600 r.p.m. excludes them. 

For all of these reasons, with the added minor disadvan- 
tages such as greater wear, lesser carrying capacities of the bear- 
ings, greater sensitiveness of misalignment, special motor con- 
struction subject to the same disadvantages, it would seem that 
the lower speed is preferable, where it is not precluded by hy- 
draulic design considerations. 

At present, from the standpoint of design, and in order to 
obtain good efficiencies, it would seem that for capacities up to 
20,000 bbl. per day, a speed of 3450 r.p.m. is best; for capacities 
of 20,000 to 35,000 bbl. per day, either 3450 r.p.m. or 1750 r.p.m. 
may be used, and for 35,000 to 60,000 bbl. per day 1750 r.p.m. 
is preferable. 

Since the centrifugal pump is essentially a high-speed machine, 
it is naturally adapted to electric-motor and steam-turbine 
drives. If oil-engine drive only is available, gears must be used 
to get the desired pump speed. In actual practice today, prac- 
tically all centrifugal pipe-line pumps in use are direct connected 
to electric motors, and it is only where cheap and dependable 
electric power is available that all the advantages of the centrif- 
ugal pump may be realized. This accounts for the fact that 
the pioneer plants were installed in California where there is 
an abundance of cheap hydroelectric power. In west Texas 
the scarcity of good water in some localities prevented the use 
of steam or even of oil engines, as the water was unfit even for 
cooling purposes on the engines. Here the power companies 
made special efforts to supply electric current at reasonably 
low prices, and they have been rewarded with thousands of horse- 
power of pipe-line pumping load. 

If there are no physical reasons why oil engines cannot be 
used, and if suitable electric power is available, pipe-line engi- 
neers today concede superiority to the electric-motor drive 
centrifugal pump where the prospective life of the station is 
for a relatively short period of time, say from three to ten years. 
Where it is expected that the station may be needed for longer 
periods of time, the centrifugal pump does not usually show the 
best economy. 

The reason for this is that the advantageous factors possessed 
by the centrifugal pump nearly all go to make up the total annual 
fixed charges, and the disadvantageous factors affect mainly 
the current operating expenses; therefore, if a sufficiently long 
period of time is allowed in which to charge off the investment, 
the centrifugal pump may be exceeded in over-all economy by 
the oil-engine-driven plunger pump. 

The principal advantageous factors of the electric centrifugal 
station that may be evaluated in estimating economy are low 
first costs, low operating labor costs, and low maintenance costs. 
They also have an advantage in that they require only small 
foundations, may be easily and quickly moved, and require 
only small and inexpensive pump houses. Recently the Okla- 
homa Pipe-Line Company dismantled a 50,000 bbl. per day 
station, moved it many miles on motor trucks, and had it set up 
and operating in the new location within 72 hours. It is stated 
that such a move could be made now within 60 hours. This illus- 
trates the mobility of the centrifugal pipe-line pumping equip- 
ment. 

The principal disadvantageous feature of the centrifugal 
pump is the fact that its efficiency is somewhat lower than that 
of the plunger pumps, which, combined with the price of electric 
power, produces a monthly expense for power that tends to off- 
set the advantages mentioned. 
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The magnitude of these factors may be shown best by an 
illustrative example. Motor-driven centrifugal pipe-line sta- 
tions vary in first cost from $20,000 in California to something 
over $100,000 in west Texas, depending upon the climate, nature 
of the location, and standard of excellence set by the builders. 
One hundred thousand dollars will be used, which is about the 
maximum figure as the investment in the centrifugal station, 
and $200,000 for the oil-engine-driven stations, which are approxi- 
mate figures from the experience of one of the large companies 
operating in the Mid-continent for 40,000 bbl. per day, 750 
lb. per sq. in. stations. It will be assumed that the stations 
operate on an average of 85 per cent of the full elapsed time 
over the various periods considered. Other assumptions will 
be made as appear in the following typical set-up: 


COMPARISON OF COSTS OF PUMPING OIL 
40,000 bbl. per day against 750 lb. pressure. 
A. Electric centrifugal station. 
B. Oil-engine reciprocating station. 


Power required A (Centrifugal) B (Reciprocating) 


Pump efficiency, per cent........ 72 85 
Hydraulic horsepower....... En 510 510 
Horsepower required by pump... 710 600 


Horsepower input to motors (at 
92% motor efficiency) . . 


A CENTRIFUGAL STATION 


Consisting of three 40,000 bbl. per day pumps, each good for 375 
lb. pressure, Operating two in series with the third for a stand-by. 
Each pump being driven by a 400-hp., 2300-volt, three-phase, 60- 
cycle, 1750-r.p.m. induction motor, with necessary control. 


Cost of Station: (including all necessary cottages, 


Fixed Charges per Year 
1% 
Taxes and insurance..... 2% 


Operating Costs: Power and Labor, 30-Day Basis 
Av. power rate 


Hours Cent per Monthly 
run Kw-hr. kw-hr. billing 
. 612 352,512 1.03 $3,630.00 
Labor (three pumpers, one truck driver, one roustabout)... 760.00 
Fixed charges ("1/12 of $14,000.00)... 1,167 .00 
$5,562 .00 
Barrels pumped: 0.85 X 30 X 40,000 = 1,020,000 
Cost per barrel pumped, 0.5453 cent 
Cost per 1000 barrels pumped, $5.453 
B Piuncer-Pump Station 
Fixed charges per year: 
Taxes and insurance............ 2% 


Operating Costs: Fuel, Lubricating Oil and Labor, 30-Day Basis 


Assumptions: For 40,000 bbl. per day at 750 Ib. the required i-hp. 
is 600. 

1.7 hydraulic horsepower is required per hour per 1000 bbl. per 
24 hr. per 100 Ib. pressure. For 40,000 bbl. per day and 750 lb. 
pressure the hydraulic horsepower is 510, and the brake horsepower 
(at 85% pump efficiency) is 600. 

To deliver 1,020,000 bbl. per month (85% of 30 days) requires 
0.85 X 30 X 24 X 600 = 367,200 hp-hr. 
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Fuel oil: 0.5 lb. of 38 degree oil per b.hp., is 637 barrels 
Lubricating oil: 0.8 gal. engine oil per 1000 b.hp-hr. at 40 
Lubricating oil: 0.4 gal. lubricating oil per 1000 b.hp-hr. 
Labor: 11 men at $150.00 per month................ 1650.00 


Fixed charges: ('/12 of $32,000.00)............... 2666 .00 


$5266 .00 


Barrels pumped: 0.85 X 30 X 40,000 = 1,020,000 
Cost per bbl. pumped, 0.5162 cent 
Cost per 1000 bbl. pumped, $5162 


From the preceding figures it is seen that on a 20-year period 
the cost per barrel pumped is less with the oil-engine plunger- 
pump station. 

It is of interest to consider various periods of amortization, 
from one to twenty years, in order to see where the costs are 
equal with the two types of stations. Keeping all other factors 
the same as in the foregoing estimates, and solving by the same 
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Cost: Dollars per Thousand Barrels Pumped 
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0 2 4 6 8 10 12 14 16 18 20 
Periods of Amortization — Years 


Fic. 7 Cost or Pumprne 


(Station rated at 40,000 barrels per day at 750 Ib. persq.in. Electric power 

at 1.03 cents per kw-hr. Fuel oil at $1.25 per barrel. Investments: electric 

centrifugal station, $100,000 (A); oil-engine-plunger, $200,000 (B). Oil: 
0.86 sp. gr. and 75-1005.S.U. Pump efficiencies: A = 72%; B = 85%.) 


procedure as in the preceding for each period, the curves A 
and B, Fig. 7, are obtained. Curve A is for the electric centrif- 
ugal station and curve B is for the oil-engine plunger-pump sta- 
tion, and the two curves cross at 12'/, years. Therefore, if the 
entire investment is to be charged off in 12'/: years or less it is 
cheaper to use the electric centrifugal station, and even if the 
period be longer, the costs do not differ greatly. 

The electric power rate of 1.03 cents per kw-hr., as used, is 
slightly higher than that earned by many such stations in Texas 
and Oklahoma, and the price of fuel oil used ($1.25 per barrel) 
is about what is used today in the Mid-continent. 

These prices will, of course, vary from year to year, so it will 
be of interest to show how these variations will affect the cost 
of pumping. The present tendency of the price of electric power 
is downward, and the cost of oil is hoped to be upward by the 
industry. Offsetting the advantages seeming to arise from the 
consideration of long periods of amortization is the matter of 
obsolescence. It is quite reasonable to expect that the more 
expensive oil-engine plunger-pump station may become obsolete 
before the expiration of a period of twenty years or even fifteen 
years. It is also quite conceivable that any given oil fields 
may be exhausted within these periods and the stations no longer 
be needed. In such a case the electric centrifugal would have 
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the greater salvage value, or could be removed more easily to 
a new location. 

Fig. 8 shows the variation of pumping cost with the price of 
electric current at 0.9, 1.03, 1.5, and 2 cents per kw-hr. A few 
Texas stations are realizing rates almost as low as 0.9 cent, 
and in California this rate and slightly lower is found. With a 
rate of 0.9 cent the electric centrifugal station is considerably 
cheaper pumping than the oil-engine plunger station with oil 
at $1.25 per barrel, for periods of amortization for beyond twenty 
years. 

However, with an electric-power rate of 1.5 cents per kw-hr. 
the curves cross at four years, and if the period of amortization 
is greater than four years and the price of fuel oil kept at $1.25 
per barrel, the oil-engine plunger station shows the cheaper 
pumping cost. For an electric power rate of 2 cents these curves 
cross at 2 years. 
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Fie. 8 Cost or Pumpine Om, Wits Evectric CENTRIFUGAL 


(Station rated at 40,000 barrels per day at 750 Ib. Investment: $100,000. 
Power rates as indicated. Pump efficiency: 72%. Oil: 0.86 sp. gr. 
75-100 S.S.U.) 
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Fie. 9 Cost or Pumprne Or, Wits Onm-EnGIne PLUNGER Pump 
(Station rated at 40,000 barrels per day at 750 lb. Investment: $200,000. 


uel-oil rates as indicated. Pump efficiency: 85%.) 

From Fig. 8 it is apparent that every fraction of a cent per 
kw-hr. results in very decided changes in pumping cost, and the 
indication is that 1.5 cents per kw-hr. is probably above the 
maximum rate that could be used economically, whereas one 
cent and below would nearly always give the centrifugal station 
the advantage. 


It must be borne in mind also that the figures given are based 
on oil of viscosity of 100 Saybolt universal seconds, which is 
about average for the Mid-continent, and the cost of pumping 
will increase rapidly with increase of viscosity, due to increased 
friction in the pipe lines and decreased efficiency and capacity 
of the centrifugal pumps. 

Fig. 9 shows the effect on the cost of pumping with the oil- 
engine plunger station by changing the price of fuel oil from 
$1.25 to $1.75 per barrel. This effect is quite appreciable, and 


and Barrels Pumped 


tugal_ Pumps. 
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Fie. 10 Cost or PumpinG 
(One station, rated at 40,000 barrels per day, at 750 Ib. per sq. in. Oil: 
0.86 sp. gr.and 75S.S.U. Electric power at 1.03 cents. Fuel oil at $1.75 per 
barrel. Total investments: Oil-engine station, $200,000; centrifugal station, 
$100,000.) 


Cost Dollars per Thousand Barrels Pumped 
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Fic. 11 Cost or Pumpine Ort, Evectrric CENTRIFUGAL 
Pump 


(Station rated at 40,000 barrels per day at 750 Ib. Investment: $100,000. 
Electric power rate: 1.03 cents per kw-hr. Pump efficiencies as 
indicated. Oil: 0.86 sp. gr. and 100 S.S.U.) 


if the cost of electric current remains at 1.03 cents per kw-hr., 
and the fuel oil cost goes to $1.75, then the electric centrifugal 
station has the advantage for a period of amortization exceed- 
ing even 20 years, as shown in Fig. 10. This, of course, means 
that a higher rate than 1.03 cents per kw-hr. could be paid and 
still give the motor-driven centrifugal station the preference. 
At the present time, the design of centrifugal pipe-line pumps 
is being improved rapidly, and in this connection it is of interest 
to observe the effect of centrifugal-pump efficiency upon the 
cost of pumping. Fig. 11 shows that this effect, keeping the 
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price of electric power at 1.03 cents per kw-hr., 80 per cent 
efficiency, and the rate of 1.03, gives almost exactly the same 
cost curve as 72 per cent efficiency and 0.9 cent rate per kw-hr. 

It is entirely possible that 80 per cent efficiency for such sta- 
tions as those described may be realized in the near future, and 
with the establishment of power rates of 1 cent per kw-hr. the 
motor-driven centrifugal pipe-line station will be adopted gener- 
ally where dependable electric power is available. 

A typical centrifugal pipe-line station consists of three half- 
units, one being regarded as a standby. Each half-unit con- 
sists of a centrifugal pump direct connected to an electric motor, 
and the pumps are manifolded so that any two half-units can 
be operated in series. There is no fire wall between the pumps 
and motors, but the starting equipment is located in a separate 
room with wire-glass windows so that the motors can be seen 
by the operator in starting up. The office, including the tele- 
graph office, is located in the pump house. Cottages are pro- 
vided for the operators. A “balance tank” of about 1000 bbl. 
capacity is provided to allow a certain amount of local control 
on the pumps by throttling the discharge. 

At the present time the majority of manufacturers are supply- 
ing pumps of the volute type, that is, without diffusion vanes. 
Only one make of diffusion-vane pump is being used. One 
manufacturer is supplying pumps equipped with all double- 
suction runners, while most other makes are equipped with single- 
suction runners, there being one manufacturer who uses both 
types of runnersin the same pump. This last pump has a double- 
suction first runner, and the other runners are of the single-suc- 
tion type. The object of the double-suction first runner is to 
insure longitudinal balancing of the rotating element and to 
permit of lower entrance velocities. 

Nearly all makes are equipped with ball thrust bearings, 
though there is one make equipped with special Kingsbury thrust 
bearings having oil forced under pressure between the bearing 
plates. So far as rotative speed is concerned, only about 10 
per cent of the present installations are 3450 r.p.m., while all 
the others are 1750 r.p.m. 

Today there are twelve of the major pipe-line companies using 
a total of about three hundred centrifugal pumps, all of which 
are electric-motor driven. Four years ago there were only about 
half a dozen stations, these being on the Pacific Coast and for 
a pressure of only about 300 lb. per sq. in. 

In the Oil Refinery. In the operation of an oil refinery, the 
pumping equipment is of primary importance, because it is the 
only means of moving the oil and other fluids through the re- 
quired processes. The success of the refinery depends very 
largely upon the dependability, economy, and suitability of its 
pumps. Certain processes could not be successfully performed 
without highly specialized pumps; therefore, careful considera- 
tion should be given to the proper selection of this equipment 
for the specific services required. The two types of pumps 
most employed in oil refineries are centrifugal and reciprocating. 

In general, the centrifugal pump has three characteristics 
that give it all its advantages. 

1 Its motion is that of rotation instead of reciprocation or 
oscillation, thus it avoids the disadvantages of constantly re- 
versing the motion of heavy parts. 

2 The discharged fluid moves in a smooth, continuous stream, 
which is of very great importance in many processes. 

3 Its mechanical simplicity is a guarantee of great dependa- 
bility, low maintenance costs, and generally satisfactory opera- 
tion. 

As with most equipment of the oil refinery, intelligence must 
be used in the selection of the proper centrifugal pump for the 
required service. No one would order a heat exchanger with- 
out carefully specifying the duty which it is to perform, and no 
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one would think of condemning heat exchange equipment as 
useless because a given heat exchanger had not functioned 
properly in all sorts of services. 

Many failures were made in the early application of centrif- 
ugal pumps to oil-refinery uses because the pumps were not 
properly designed for the required service. Reciprocating pumps 
were used generally, because they were understood better and 
did operate after a fashion. No one was interested particularly 
in efficiency; nearly everyone accepted the trouble, annoyance, 
and expense of the reciprocating pumps as unavoidable. 

Twenty-five years ago about the only centrifugal pumps to 
to be found in an oil refinery were for handling water at low 
heads. Today centrifugal pumps are in use for practically 
all refinery services. The universal adoption of the centrif- 
ugal pump came about as a result of the cooperation of the 
pump manufacturers and the oil-refinery operators. When the 
efficiency engineer made his appearance in the oil refinery about 
ten years ago, he discovered that there appeared to be enormous 
waste in the matter of heat conservation. This was manifested 
by the tremendous quantities of steam used for heating and for 
pumping, and with the increasing necessity for economy, every 
effort was made to reduce the steam requirements. A great 
deal of attention was given to the problem of pumping by the 
refinery engineers and the manufacturers. Realizing that the 
oil-refining industry offered a promising field, they began develop- 
ing special pumps for the peculiar requirements of oil-refinery 
operation. By this time, the steam turbine and electric motor 
had reached a high state of perfection, and attained their best 
efficiencies at rather high rotative speeds. These drivers, there- 
fore, became very desirable, and as a consequence lent favor 
to the types of machinery to which they were suited. The 
characteristics of the centrifugal pump are such that they may 
be easily direct connected to steam turbines or electric motors, 
and these pumping units gained rapidly in popularity. 

Careful records were kept in many cases to check up the econ- 
omy of various types of refinery pumping equipment, with the 
result shown in Fig. 5. These graphs were prepared by the engi- 
neers of a refinery having approximately one thousand pumps 
of all kinds in operation, including many centrifugals of both 
conventional and special design. While this shows only power 
costs and steam rates, and does not include fixed charges and 
labor charges, it is particularly interesting to note that the centrif- 
ugal pump, either steam-turbine driven or motor-driven, shows 
the better power-cost economy. It is also of interest to note 
that the water rates of the steam turbines used on these pumps 
are very considerably better than those realized with direct- 
acting steam pumps. After such results were obtained, it is 
little wonder that centrifugal pumps were sought for an ever- 
increasing number of services. 

Oil-refinery pumps may be divided broadly into two general 
groups: (1) water pumps and (2) oil pumps. 

1 Water pumps include general water supply, booster pumps, 
power auxiliary pumps, and fire pumps. For general water 
supply, many deep-well turbine pumps are used to supply water 
from deep wells; these are generally direct-connected electric 
motor-driven units. In some cases horizontal booster pumps 
are used to handle the water delivered from the wells by the 
deep-well turbines. Cooling water for the oil condensers is han- 
dled with centrifugal pumps, usually of the horizontal types 
familiar to every one. The advantages of the centrifugal over 
reciprocating pumps for most of those uses are so well known 
and accepted in practice that they scarcely need mentioning 
here. For general water supply large quantities of water are 
handled and the efficiencies realized with centrifugals are com- 
parable with reciprocating pumps, and in addition the centrif- 
ugals have many advantages. They have no close-fitting sliding 
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parts and no valves; they require relatively small floor space, 
light foundations, and small buildings. The same advantages 
obtain for booster pumps. For power auxiliaries, such as boiler 
feeding, the easy automatic regulation, smooth flow, dependa- 
bility, simplicity, and small-space requirements of the centrif- 
ugal make it easily the most desirable type of pump. 

In fire-protection service there is one particular use of the 
centrifugal that is not so generally accepted as it should be, 
and that is for foam-smothering service. The centrifugal pump 
is superior to the reciprocating pump for this service on every 
count. 

The first cost for the pumping unit, foundation, and housing 
is much less. The acid pump may be made of cast iron instead 
of bronze as it is easy to clean it thoroughly after use, by simply 
flushing with water. 

In field tests it has been shown that the centrifugal supplies 
more nearly equal quantities of the two solutions than does the 
reciprocating pump, for with the latter, scale from the pipe 
lines lodges under the pump valves and causes serious inequalities 
of flow. There are fewer leaks developed in the pipe lines with 
the centrifugal on account of absence of pulsation, and line 
maintenance is reduced materially. Another distinct advantage 
of the centrifugal pump is due to its characteristic of pumping 
increased quantities at low heads, so that a long, empty line 
will be filled in an appreciably shorter time than with the recipro- 
cating pump, constant speed being maintained in both cases. 
No relief valves are needed in the discharge of the pumps as the 
centrifugals cannot build up destructive pressures. Both pumps 
are driven by the same prime mover, and as they both have the 
same quantity-head characteristics and the pipe-system charac- 
teristics are the same, it is necessary only to keep the readings 
of the discharge gages equal to obtain equal quantities of dis- 
charge. 

Centrifugal foam-smothering units consist of two identical 
all cast-iron pumps direct connected to each other and two dif- 
ferent drivers, by means of flexible couplings. The most com- 
mon drivers used are steam turbine and electric motor, one or 
the other being considered as a stand-by machine, whose rotor 
simply idles when the other driver is operating. They are also 
made with motor drive and pulley drive, and also direct-connected 
gas engine and motor drive. Where the gas engine is used, there 
is a clutch between the engine and the pumps. All four machines 
are mounted on a common cast-iron baseplate. 

The capacity of the pumps is usually 500 gal. per min. of 
each solution against 100 lb. per sq. in., but there are in use on 
the Pacific Coast some units of 750 gal. per min. and several 
hundred pounds head. 

2 Under oil pumps, we may consider two general divisions, 
namely, cold-oil pumps and hot-oil pumps. The division may 
be made reasonably at about 500 deg. fahr. temperature, as it 
bas been found advisable at this temperature and above to use 
materials and methods of construction that are not necessary 
at lower temperatures. 

For cold-oil service, such as general transfer work, process 
work, and loading, a pump failure does not usually endanger 
life, and as a rule results only in property damage. Even in 
this service, however, there is a certain element of danger present 
when using reciprocating pumps that is entirely absent when 
using centrifugals. It has happened many times that serious 
accidents have occurred due to closing the discharge valves in 
the lines of reciprocating pumps while pumping. Abnormally 
high pressures were built up and the discharge-valve bonnets 
of the reciprocating pumps burst with explosive. violence, scatter- 
ing a shower of cast-iron fragments throughout the pump house. 
As a safety measure with reciprocating pumps, relief valves are 
sometimes installed, but they are not a positive protection, as 


they are not often called upon to operate and they have been 
known to stick and fail when most needed. With the centrif- 
ugal pump no relief valve is ever required, as the pump does 
not produce impact and its nature is such that if the discharge 
be closed entirely, it cannot build up destructively high pres- 
sures. The pump merely churns and the horsepower absorbed 
drops to a small fraction of the normal requirement. 

There is a prevalent opinion that centrifugal pumps cannot 
handle viscous oils. This impression was gained from numerous 
efforts that were made to use water pumps for this service. How- 
ever, by proper design, centrifugal pumps can be made that will 
handle surprisingly high viscosities with efficiencies that result 
in total per barrel costs that are entirely comparable with those 
obtained with reciprocating pumps. 

Compared with the total number of pumps used in a refinery, 
those required to handle very viscous oils are few in number, 
and most of these are usually for handling rather large quan- 
tities. It is well known that the general effects of increasing 
viscosities are to decrease the capacity, head, and efficiency 
of a centrifugal pump. It is not so well known that this effect 
is less and less serious as the capacities of the pumps are increased. 
For instance, a pump designed for 185 bbl. per hour and vis- 
cosity of 250 Saybolt would have an efficiency probably of not 
over 35 per cent, whereas, with a capacity of 5000 bbl. per hour 
and 750 Saybolt universal seconds, as high as 74 per cent has 
been realized. 

Centrifugal pumps, both steam-turbine and electric-motor 
driven, are used for still charging, and for transfer work, and 
for circulation in treating oil in the agitators. Where the oil 
carries combustible vapors, and electric-motor drive is used, 
the motors are often enclosed in a separate room from the pumps, 
the connecting shaft passing the separating wall through some 
sort of a close-clearance device. Also, totally enclosed, exter- 
nally ventilated motors are sometimes used, particularly with 
variable speed motors. 

For ordinary cold-oil service around the refinery, the centrif- 
ugal pumps do not differ greatly from those used in water service 
except in the matter of packing and in the use of materials to 
resist chemical and abrasive action. For oils carrying sulphuric 
acid, either all bronze, all lead, or all cast-iron pumps should be 
used, with a supply of clean neutral oil to the stuffing boxes, 
which should be packed with an asbestos-base packing. For 
alkaline oil, all cast-iron pumps should be used, with aluminum- 
foil packing. 

For pumping oil charged with fullers earth, filter clay, or lime, 
semi-steel or chrome-steel runners should be used, and clean 
sealing oil supplied to the stuffing boxes. The shaft sleeves 
and clearance rings should be of hard steel. In the pumping 
of neutral gasoline and kerosene, the ordinary water type of 
pumps may be used, but special packing impregnated with a 
compound insoluble in gasoline and kerosene should be employed. 
Special gasket material should be used that does not deteriorate 
with the presence of gasoline. 

Another common use of the centrifugal pump is that of han- 
dling fuel oil to the burners under the stills. 

In the modern refinery, where careful attention is given to 
heat balance, high viscosities are met with less and less. The oil 
is heated for the first process and is pumped hot through the 
various steps of succeeding processes. The demand for pumps 
that are suitable for handling hot oils is increasing rapidly, and 
in the past five years a great deal of attention has been given to 
the development of hot-oil pumps. 

In the handling of hot oils, we have the best examples of what 
may be accomplished with centrifugal pumps of very highly 
specialized design. When it became necessary some 8 or 10 
years ago to pump oil at temperatures around 800 deg. fahr., 
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oil-refinery operators soon realized that none of the then exist- 
ing types of pumps were at all suitable for this service. Safety 
of operation was the greatest consideration, and the old-fashioned 
cast-iron pumps, with simple, shallow stuffing boxes and weak 
joints, not only were inefficient and unreliable, but were a positive 
menace to the lives of the operators. 

It is interesting to note that the first centrifugal hot-oil pumps 
were designed and built, not by commercial pump manufacturers, 
but by an oil-refining company. This was done by the Standard 
Oil Company of California in 1919 at their Richmond (Cali- 
fornia) refinery, and these pumps were designed by and built 
under the supervision of the author. 

These pumps were used for circulating oil at 825 deg. fahr. 
in the cracking stills, and were of the vertical type, both electric- 
motor and steam-turbine driven. The first pump was rated 
at 350 gal. per min. at about 20 lb. head, and was motor driven. 
The success of this pump was so pronounced that a second pump 
was built, rated at 1000 gal. per min.; this was followed by 
another for 2000 gal. per min.; and then many units of 3750 
gal. per min. were built and operated successfully for several 
years. During this time, the Standard Oil Company built also, 
as a matter of experiment, one 6000-gal. per min., 65-lb. head 
pump, which was a single-stage, horizontal, split-casing pump, 
embodying the already well-established special features. Some 
trouble was experienced, however, with the casing joint, and 
also due to expansion and contraction, and it seemed that the 
vertical type was the more desirable. 

In 1924 one of the large pump manufacturers undertook 
seriously the matter of marketing the hot-oil centrifugal pump. 
Full advantage was taken of the five years’ experience with the 
pumps built by the Standard Oil Company, and within the 
year the centrifugal hot-oil pump became firmly established. 
These pumps were all vertical-type pumps, both single and multi- 
stage, and most of them were steam-turbine driven. The steam 
turbine was used largely because the electric power was usually 
subject to interruptions, and also because the steam turbine 
permitted more flexible operation on account of the ease of vary- 
ing the pump speed. 

These pumps were for capacities up to about 600 gal. per min. 
against heads up to 300 lb. per sq. in. The casings were made 
of cast steel and the runners of semi-steel or chrome steel accord- 
ing to the nature of the oil. Deep stuffing boxes, sealed with 
cold, clean oil were used, and a special enclosure was provided 
for the gland, which was controlled by a hand wheel outside of 
the gland chamber. Only one main casing joint was used and 
that was circular and tongue-and-grooved, using an asbestos 
aluminum-armored gasket. The packing was aluminum-foil 
packing, guaranteed to withstand 900 deg. fahr. temperature. 
A blind steady bearing of cast iron was used in the cover of the 
pump, to which was forced clean, cold oil. Case-hardened steel 
shaft sleeves were used. 

Another notable feature of these pumps was the double cas- 
ing employed. The outer casing was of simple cylindrical shape, 
to insure that the steel casting would be liquid tight. Within 
this was the pump casing proper which was subjected on its 
exterior surfaces to the discharge pressure of the pump. This 
has many advantages. Although many of these pumps are 
still being used, it was felt that for certain easier services a cheaper 
pump should be developed. 

For temperature up to 500 deg. fahr. and capacities up to 
500 gal. per min. against heads of 150 lIb., cast-iron horizontal 
single- and two-stage pumps were developed. These pumps 
are solid casings, having one transverse circular main-casing 
joint. The single-stage pumps have no internal bearing, and 
are equipped with extra deep stuffing boxes, which are water 
jacketed, and have a lantern ring and tap for cold-oil sealing. 


PET-51-3 65 


The two-stage pumps have an internal blind bearing to which 
is fed cold oil, and the bearing housing is water jacketed. The 
impellers are made of either cast iron or semi-steel, and the 
shafts of special hard steel. These pumps are both motor and 
steam-turbine driven. 

For temperatures from 500 to 1000 deg. fahr., similar types 
are built with single cast-steel casings, and with special enclosed 
glands, controlled by an external hand wheel through a link and 
lever mechanism. Steam smothering connections are also pro- 
vided for the gland chamber. 

For the same temperatures and capacities, and for heads up 
to 300 Ib. per sq. in., vertical, so-called “receiver type’’ pumps 
were developed, having the casing and runners enclosed in a 
sheet-steel tank. These pumps were developed especially for 
use with distillation and fractionating equipment, and are in- 
tended to hang on brackets on the bubble towers or to be bolted 
directly to and supported by the vertical outlet pipe of a still. 
They are single and multistage with single-suction runners, tak- 
ing suction vertically downward from the enclosing sheet-steel 


tank or “receiver” containing the pump proper. 


This receiver is equipped with a liquid-level control of the 
float type, which throttles the pump discharge for the purpose 
of preventing the pump from running empty and also to keep 
the bubble tower sealed. Either a flow control is used on the 
suction side of the pump to prevent pumping the tower dry, 
or the suction pipe is so placed in the tower that the tower can- 
not be drained by the pump. 

This type of pump is built with special built-in motors, that 
is, the standard rotor and stator of the motor is built in as an 
integral part of the pump head, and no shaft coupling is used. 
The pump shaft extends through the hollow motor shaft and 
all the thrust load is carried on a ball bearing in the motor. The 
motors are placed either above or below the pumps, depending 
on the service. 

For pumping out vacuum vessels, the drive is below, so that 
the stuffing box is on the discharge side of the pump and cannot 
break the vacuum by the infiltration of air. For large capacities, 
say 1000 gal. per min. and over, against relatively low heads, 
a horizontal, single-casing pump, with one circular major-cas- 
ing joint is used. The impeller is of the double-suction type, 
and the pump discharge is horizontally over to minimize the 
effects of vapor in the oil. 

Where the heads exceed about 150 lb., double casings, both 
vertical and horizontal, are used; the latter gaining in favor 
as they are somewhat less expensive than the former, and some- 
what more accessible. They embody the same features as the 
vertical pumps, but with these differences: They are supported 
in a cradle from supports at the center horizontal plane of the 
pump to minimize misalignment of the shaft due to changes 
of temperature. This is still further taken care of by the use 
of an all-metal flexible coupling containing a short “dummy” 
shaft, to take care of parallel misalignment, as well as angular 
misalignment. This type of hot-oil pump is being used for 
heads up to about 1500 lb. per sq. in. 

For still circulating, the centrifugal pump is ideal, as it may 
be submerged within the hot oil in the still and driven by a di- 
rect-connected motor or turbine placed without the still. By 
such an arrangement all outside piping is eliminated, and there 
is absolutely no danger from leaky joints or burst piping. 

For pumping out hot residuum, special double steel-case hori- 
zontal pumps have been developed that are superior to the 
old-fashioned simplex direct-acting pumps so generally used 
for this purpose. Here is a case with very little pressure, only 
a few feet of hot-oil static pressure, on the suction, and favorable 
conditions for vapor binding, but these pumps have been operat- 
ing successfully for a long time. These pumps are both motor 
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and steam-turbine driven, and develop sufficient pressure to 
force the hot residuum through heat exchangers to storage 
tanks. 

Compared with boiler-feed service, the pumping of hot oil 
is a much more complicated problem. In boiler feeding, the 
temperatures may approach those of hot-oil pumping, but the 
liquid pumped (water) is absolutely clean and free from corrosive 
chemicals, and leakage does not mean fire hazard. In hot-oil 
pumping, the temperatures are generally above the flash point 
of the oil, and the oil often carries abrasive and corrosive material. 
A leak is almost sure to cause a fire, where a fire is almost sure 
to result in great property damage and loss of human life; there- 
fore, we find that centrifugal hot-oil pumps for handling oil 
against high heads, comparable with modern boiler pressures, 
must be far more complicated than are the boiler-feed pumps. 


MARKETING 


In the marketing end of the industry, centrifugal pumps have 
proved of great value in ship loading. In this service large 
quantities of oil are to be handled against relative low heads, 
and electric power is always available so that the conditions are 
particularly favorable for the employment of centrifugal pumps. 
The largest tankers are now loaded in four or five hours, whereas 
a few years ago with reciprocating type of pumps twelve or four- 
teen hours were required. Most of these pumps are quite similar 
to water pumps for the reason that the oil is usually not par- 
ticularly viscous and is clean. 

For loading and unloading tank cars and for general bulk 
station work, centrifugal pumps are quite generally used. A 
typical station consists of three pumps, each electric-motor 
driven with remote push-button control. These pumps are 
usually of the single-suction horizontal type direct connected 
to the motors; they have each a capacity of from 200 to 400 gal. 
per min. against heads of about 100 ft. One pump is intended 
to handle gasoline, one to handle kerosene, and the third pump 
to handle fuel oil. The gasoline and kerosene pumps often 
have the casings vented with a vapor trap to prevent vapor 
binding of the pump, which might occur in some cases on account 
of long suction lines and low static heads on the suction side of 
the pump. 

In the filling of motor-truck tanks at these bulk stations, 
the driver stops his truck at the loading rack and starts the 
pump with a push button, fills his tank, and stops the pump 
with the push button without the aid of any other station atten- 
dant. 

Some experiments have been made with automatic vending 
equipment for selling gasoline at the ordinary filling stations. 
A little centrifugal pump having a capacity of about 20 gal. 
per min. against a head of 40 ft. is arranged with a small pres- 
sure tank on its discharge, and an automatic pressure regulator 
so arranged that when the pressure in the tank falls to a pre- 
determined value, the little centrifugal pump, which is electric- 
motor driven, will start up and operate until the proper pressure 
is again restored in the receiver. The method of operation is 
as follows: The customer himself opens the discharge valve 
allowing the gasoline to flow into the tank on his automobile, 
which, of course, reduces the pressure in the receiver on the 
discharge side of the pump, the gasoline flowing through a re- 
cording meter. When the discharge valve is closed, as explained 
above, the pump automatically fills the receiver tank against 
its proper pressure for the next period of operation. 

We have rather briefly reviewed the application of centrifugal 
pumps to the oil industry, and find that they have certain uses 
in all branches of the business, but they find their great useful- 

ness in the pipe-line and refining divisions where they success- 
fully meet the requirements of a very wide and diverse range 
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of services, which is being increased from day to day, k eping 


step with the rapid development of the oil industry. 


Discussion 


Raten R. Nickerson.?. The paper deserves favorable com- 
ment in that it will give a better insight regarding the appli- 
cation of centrifugal pumps for the petroleum industry. In 
a paper of this kind, as the author has said, there are points of 
difference which naturally arise. 

It seems there may be a misunderstanding as to the appli- 
cation of centrifugal pipe-line pumps. The reliability and cost 
of operation of pumping equipment for oil-pipe line projects 
are of prime importance. The most important fixed cost ele- 
ment is the cost to the pipe-line company for its electric power. 
Higher efficiencies are obtained with 3600 r.p.m. than with 1800 
r.p.m. pumps up to approximately 40,000 bbl. per day for the 
usual pipe-line pressure of 750 lb. This actually amounts to 5 
per cent or better, depending on the carefulness of the de- 
sign for oil service. Water pumps used on pipe-line service 
would show even a greater difference. With this efficiency 
difference and on the basis of 1.03 cents per kilowatt-hour the 
saving per year would amount to approximately $2800 per each 
750-lb. 35,000 bbl. per day station. This is an item worthy 
of consideration, especially where there are many stations in- 
volved. 

It is also interesting to note that there are between eighty 
to ninety 3600-r.p.m. oil-line pumps now operating in Texas 
and Oklahoma. This would indicate that between 25 and 30 
per cent of the pipe-line pumps operate at 3600 r.p.m. This 
is a somewhat higher figure than reported in the paper. 

The following table shows a general comparison of the two 
typical oil-line pumps, one at 3600 r.p.m. and the other at 1800 
r.p.m., and shows some of the remarkable facts in favor of the 
3600-r.p.m. pump. The pumps compared are known as “half 
units” for 35,000 bbl. per day at 375 lb. pressure. The tabu- 
lation indicates not only what is being done in high-speed equip- 
ment, but the possibility of future developments within per- 
missible limits. The tabulation also shows that the higher 
speed favorably affects the elements which contribute greater 
strength, rigidity, and reliability, and these theoretical conclu- 
sions have already been demonstrated by practical results for 
almost a three-year period. 

RELATIVE SIZES OF THE ELEMENTS OF A PUMP FOR THE TWO 
SPEEDS OF 3600 R.P.M. AND 1800 R.P.M. 


3600 r.p.m., 1800 r.p.m. 
in per cent’ in per cent 


Bearing s 

Weight o rotor. - 40 100 
Diameter shaft at center................... 76 100 
Casing diameter. . ee 53.5 100 
Casing strength (for ‘same thickness). 100 
Wetted surface. . oth 25 100 
Diameter stuffing box. . 44 100 
Rubbing velocity in stuffing box. 88 100 
Diameter impeller hub. . re oe 60 100 
Rubbing velocity impeller hub. . 100 


The author says that economy of operation is becoming more 
and more important in refinery pumping. He states that it is 
“of interest to note that the water rates of steam turbines used 
on these pumps are considerably better than those realized with 
direct-acting steam pumps.” In this connection we believe 
that it would be of interest to note that, due to this demand 
for better economies in refinery pumps, the horizontal cross- 
compound crank and flywheel condensing pumping engine is 
being extensively used. It is finding great favor among the oil 
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companies because of its high economy, reliability, and simplicity. 
Higher economies are obtained with this type of prime mover 
than any other type of steam-driven units within the horsepower 
requirements of a refinery. Steam consumptions from 15 to 20 
lb. per indicated horsepower per hour are obtained, depending 
on the steam pressure and size of unit. 


J. K. McInryre.* In discussing a characteristic curve with 
respect to “which quantity will be pumped,” it simplifies 
matters to consider that the head depends on the quantity rather 
than that the quantity depends on the head. 

In discussing ‘‘flat’’ efficiency curves, Fig. 1 shows a maxi- 
mum efficiency of 65 per cent at 500 gal. per min., and 55'/. 
per cent at 250 gal. In general, centrifugal pumps at 50 per 


cent of the capacity at maximum efficiency show 80 per cent 


_ * Chief Engineer, A. S. Cameron Steam Pump Works, Phillipsburg, 
N. J. Mem. A.S8.M.E, 
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of the maximum efficiency or a trifle better. In this case the 
curve shows 85'/2 per cent, which appears high. However, 
this is the criterion by which the “flatness” should be deter- 
mined. 

The paper contains a general statement to the effect that the 
horsepower is a minimum at zero capacity. This is not true in 
general as there are many cases in which the horsepower at zero 
capacity is equal to or even greater than at full capacity. 

The author limits the peripheral speed of bronze impellers to 
120 ft. persec. This in effect limits the head per stage to approxi- 
mately 225 ft. It is well known that the head per stage can be 
very considerably above this without undue stress in the im- 
pellers. 

The section or ‘Changes of Clearance Between Wearing 
Rings” is of great importance when the head-capacity curve is 
extremely flat. In such a case, a slight loss in the head generated 
by the pump will lead to serious reduction in capacity. 
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Economics of Electric Pipe-Line Pumping 


This paper reviews the “‘state of the art’ in both the oil-pipe-line 
and the electric-power-supply industries as affected by the use of 
electric power for pipe-line pumping. It indicates the general 
construction and operating costs of pipe-line pumping stations and 
certain economic factors affecting the cost of pumping oil. A 
method of analysis including these factors is outlined and a de- 
tailed solution of a typical problem given. 

The author's viewpoint is primarily that of an engineer trained 
in the electric-power industry, and therefore this discussion covers 
the analysis of the comparative over-all economic results to be ob- 
tained by using generally accepted methods and practice, rather 
than the details of design and operation of pipe lines or stations. 


the pipe-line industry has been using for many years, driven 

chiefly by crude oil engines of the semi-Diesel and Diesel 
types, the manufacturers of pumps have been, in recent years, 
engaged in applying principles of the centrifugal type of pump 
to pipe-line pumping conditions with excellent results. 

While many new problems have been met in applying centrifu- 
gal pumps, most of them have been practically solved and 
while development is not entirely finished and the operating 
conditions and methods of application are not yet fully stand- 
ardized, there are, nevertheless, good centrifugal pump designs 
which can be made to meet the fundamental requirements of the 
pipe-line industry. The application of motor drive to recipro- 
cating pumps involves no particular problems outside of estab- 
lished practice. 

Correspondingly, the last few years have seen the enlargement 
of the electric transmission network and the area served by first- 
class electric-power transmission systems, until electric service 
is or can be made available to a large percentage of the area 
through which the oil from the principal producing fields of the 
United States must pass, on its way to refinery and market. 

On account of the speeds at which the centrifugal pump must 
operate to function at the heads required by average pipe-line 
conditions, the electric motor is almost a necessity for its suc- 
cessful application. 

A number of installations of electric-driven centrifugal pumps 
in pipe-line service have been made and there are now more than 
125 such units requiring 30,000 total horsepower in drivirg 
motors in operation in the area included in Oklahoma and Texas 
alone. 

The growing accessibility of the electric-power supply has also 
led to many installations of motor-driven reciprocating pumps in 
pipe-line service. More than 50 pump units requiring 10,000 
horsepower are now in service in the Texas-Oklahoma area 
alone. 

Standard motors of types long used in other industries are 
available for all pumping applications. Induction motors are 
generally indicated for the high speeds used for centrifugal units. 
Synchronous motors should be used in driving reciprocating 
pumps, due to the poor power-factor characteristic arising from 
the slow speeds and fluctuating load in this application. Power 
companies are justified in putting a power-factor penalty in the 


[: ADDITION to the excellent reciprocating pumps, which 
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rate, based on power factor, when induction motors are used on 
reciprocating pumps. 


INSTALLATION Costs OF PUMPING STATIONS 


The cost of installing a complete oil-pump station of the dif- 
ferent types covered, varies with standards of construction, availa- 
bility of sites, character of living quarters, tankage require- 
ments, character and size of buildings used, etc. However, a 
study of cost records and dependable estimates for stations in the 
Texas-Oklahoma area leads to the accompanying tabulation of 
representative costs on a 35,000 bbl. per day station in a 10-inch 
line. Effect is given to the larger building and increased tankage 
required for the engine-driven reciprocating-pump installations 
over electric-driven centrifugal stations and to the intermediate 
requirements of the electric-driven reciprocating-pump instal- 
lations. 

A spare unit is included in each station to allow maintenance 
and repair work to be carried out without curtailing service. 
Electric service on a large system having over 3500 miles of trans- 
mission line serving a number of pipe-line stations has a recorded 
average availability of above 99.6 per cent on an annual basis. 
TABLE 1 TYPICAL COSTS OF OIL-PIPE-LINE PUMPING STA 

TIONS—35,000 BARRELS PER DAY CAPACITY 


A Drese.-DRIVEN RECIPROCATING UNITS 
This estimate was made to cover the cost of installing a Diesel-engine 
driven oil-pumping station (35,000 bbl. capacity) consisting of pumping equip 
ment, buildings, land, tankage, manifolds, etc. 
Quan- 
tity Unit Cost Amount 
A Land and improvements, including 
water supply, sanitary facilities, 


roads, etc.. $10,000 $10,000 
B_ Buildings, and ‘structures, ‘including 
operators’ cottages. . 1 Job 30,000 30,000 
C Pumping units, 3 pumps and ‘engines 
installed including foundations. . 1 Job 122,500 122,500 
D Auxiliary equipment, pumps, lighting, 
a 1 Job 20,000 20,000 
E Tankage and piping, includes rs working 
tank and manifolds. . eokenn 1 Job 17,500 17,50 


B Moror-Driven CENTRIFUGAL UNITS 
This estimate was made to cover the cost of installing an electrical-driven 
centrifugal-pump, oil-pumping station (35,000 bbl. capacity) consisting of 
pumping equipment, buildings, land, tankage, manifolds. etc. 
A Land and improvements, including 
water supply, sanitary facilities, 


roads, etc...... 1 Tract $5,000 $ 5,000 

Buildings and structures, ‘incluaing 
operators’ cottages. . 1 Job 8,000 8,000 

C Pumping units, 3 pumps, "direct con- 
nected to induction motorsinstalled 1 Job 28,500 28,500 

D Tankage and piping, including small 
emergency tank and manifold..... 1 Job 8,500 8,500 


C Moror-Driven REcIPROCATING UNITS 
This estimate was made to cover the cost of installing an electric-driven 
reciprocating- pump, oil- -pumping station (35,000 bbl. capacity) consisting of 
pumping equipment, buildings, land, tankage, manifolds, etc. 
A Land and improvements, including 
water supply, sanitary facilities, 


roads, etc.. 1 Tract $7,500 $ 7,500 
Buildings and. structures, "including 
operators’ cottages. . 1 Job 10,000 10,000 


C Pumping units, 3 ’ reciprocating 
pumps, geared to induction motors, 


installed. . 1 Job 45,000 45,000 

D Tankage and piping, including work- 
ing tank and manifold............ 1 Job 17,500 17,500 


Errect oF Prospasie Lire, Capacity Factor, anp Rate oF 
oN Pumpine Cost 

In considering any new pipe-line project, it is necessary to 

determine the expected useful life of the line and stations to be 
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constructed in the light of what is known of the area served and 
the continued market for the oils from this area. It is also 
necessary to consider carefully the probable capacity factor at 
which the line will operate during its useful life. It is true that 
trunk pipe lines next to substantial refineries or ports which 
afford outlets for shipping can, on the basis of past experience, 
be expected to operate at a high percentage of their maximum 
capacity over long periods of time. 

It is also true that many of the lines which feel their way into 
new production areas have a very low capacity factor over their 
useful life, and the average pipe-line project lies in between these 
two classifications. It is generally safe to assume that a pipe 
line can be expected to be used at its full capacity during the 
first year or two after its construction, but it seems very difficult 
to forecast that any particular pipe line can be expected to oper- 
ate at full capacity for a period of five, ten, or fifteen years. 

There are many conditions which affect capacity factor, such 
as comparative availability of oil to markets, comparative de- 
sirability from the standpoint of the refineries, and changing 
conditions in production in different areas. The competitive 
effect of a number of strong production and refining organizations 
seeking to get oil from a given area to the maximum advantage, 
particularly at times when capital can be easily had for develop- 
ment, is marked, and it is a natural thing for more pipe lines to be 
built in a given area than can be used at full-capacity factor 
throughout their useful life. 

It stands to reason under such condition that all of the pipe 
lines so built cannot operate at a high average-capacity factor, 
nor can any organization or group expect to maintain through a 
long period of years such superiority in purchasing and marketing 
its products, as would give its lines a high capacity factor at the 
expense of the lines of other groups equally strong and perhaps 
equally skillful. 

In any large business requiring substantial investment, it is 
necessary to consider carefully the “load factor,” ‘“‘use factor,” 
or “capacity factor’ of any contemplated facilities or additions 
to existing facilities, and these factors are generally regarded as 
largely determining the character of the development and the 
degree of its technical refinement. 

For this reason, we have set up in the typical solution which 
follows, curves to determine the overall cost of pumping under 
various assumed capacity factors over five-, ten-, and fifteen-year 
life periods. While it is not always possible to make absolute 
or definite assumption as to life and capacity factor, a solution 
giving full effect to these two variables will afford a sound basis 
for passing general judgment on them and on their effect on the 
total cost of pumping. 

It is the author’s observation that, except for a very few lines 
lying close to large refineries and ports, a ten-year average ca- 
pacity factor of 65 per cent is difficult to maintain or to set out 
as an assumption for investing large sums of money. 

Another important factor in the overall cost of pumping oil is 
the rate which must be paid for capital invested in a given pro- 
ject. It is fundamental that this rate must be one which on 
averages will attract sufficient capital to the particular concern 
or business to enable it to make extensions which will keep pace 
with development in the industry and development of the whole 
art of transporting oil. The statement is made often that a 
particular extension can be made out of reserve funds or surpluses 
which are now bringing a low rate of return, and that, therefore, 
this low rate should be used in analyzing the project under con- 
sideration. Such a course is generally unsound, and in the last 
analysis, the weighed average rate of return to the holders of all 
stocks, bonds, or other securities of a given firm or corporation, 
upon the basis of money actually invested for these securities 
is the rate which must be paid to continue to attract capital to 


that business. This rate will, of course, have to be modified in 
the light of the effect of the permanency of any particular ex- 
tension as compared with the average permanency of the proper- 
ties as a whole. While practices vary with different organiza- 
tions, it is generally assumed that in order for a pipe line in a new 
territory to be an attractive investment, its net earnings should 
write-off all the difference between its first cost and salvage value 
in a five-year period. Speaking generally, the rate of return 
which is required for capital in any given business or industry 
can be said to be made up of the rate of interest required on ab- 
solutely safe investments, such as government bonds and the like, 
plus the additional rate required to take care of the hazards of 
the particular business. This increases directly with the in- 
crease in the degree of hazard, in permanency of investment, and 
surety of return. In the typical solution, interest rates of 6 
per cent and 8 per cent were used for the charts. 


OpERATING Costs 


In determining the operating costs as distinguished from fixed- 
capital costs in a typical solution, a 10-in. line was assumed having 
a capacity of 35,000-bbl. per day against a head of 650 lb. per 
station, pumping crude oil with a gravity of 30 deg. Baumé at an 
average temperature of 67 deg. fahr. and with a viscosity of 88 
Universal Saybolt. Calculations have been made to determine 
the hydraulic horsepower required, and from this data, the fuel 
required for Diesel engines and the energy required for motor 
drive based on the overall efficiency are set out on the various 
charts and tables. The returns have been checked against actual 
operating data under similar conditions and are in line with ac- 
tual results. 

Operating costs were divided for purposes of this study bet ween 
fuel or energy costs and costs other than fuel or energy. The 
cost of fuel oil was assumed at $1 per barrel delivered at the 
pumping station, and the charts and calculations would have to 
be modified for other fuel costs. Normal maintenance of the 
engines or motors and equipment is assumed, and additions 
should be made to the operating costs of Diesel engines in areas 
where the oil is high in sulphur or other elements that cause rapid 
deterioration of engine parts. The cost of electrical energy is 
determined from a rate now in use by a large electrical trans- 
mission company serving some 30,000 horsepower of pipe-line 
pump equipment in the Texas-Oklahoma area, and in applying 
the energy rate full effect was given to the capacity factor of the 
pipe line and the load factor, at which the rate was applied, 
without regard to the possibilities of bettering the average costs 
of energy, through operating a smaller number of units with a 
lessened demand to take care of prolonged seasons at low rate 
of use. Neither have the energy costs been reduced by taking 
into account the effect of reduced head when operating at reduced 
capacity. If it were assumed that the line would be operated 
continuously for long periods at reduced capacity, the curve of 
total costs of pumping by motor-driven pumping units could be 
flattened out and might conceivably drop with a decrease in 
capacity factor below 80 per cent or 85 per cent. The curves, 
therefore, are based on running the station at full capacity for 
that percentage of the probable life, corresponding to the ca- 
pacity factor and at zero capacity for the remaining time; for 
instance, at 60 per cent capacity factor on a fifteen-year life 
period the curves would cover nine years full-capacity operation 
and six years shut down or the equivalent. A curve showing 
the electric energy rate at varying load factors is given in Fig. 3. 
All of the operating assumptions are such as can be met by the 
average operating organization. 


Cuarts SHow1nG SoLuTtion oF TypicaAL PROBLEMS 
Two charts show the comparative overall costs on one station 
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only, but the solution can be extended to cover the entire line if 
desired. In Fig. 1 a Diesel-driven reciprocating-pump station 
is compared with a motor-driven centrifugal-pump station having 
an overall efficiency, wire to oil, of 68 per cent. The upper 
curves show results over a five-year life period in both cost per 
barrel pumped and total cost over the five-year period. The 
lower curves show results over a fifteen-year period. Deprecia- 
tion is handled as the difference between the first cost and the 
net salvage value at the end of the period. 

Fig. 2 shows a comparison between a Diesel-driven reciprocat- 
ing-pump station and a motor-driven reciprocating-pump station. 
In both figures the estimates of first cost, net salvage, fuel cost, 
rate of return on capital invested, and operating costs other than 
fuel or energy, are set out on the charts. 
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Fic. 1 Comparative Costs oF Prer-Line Pumeinc Wits Diesen 

ReciPpROcATING Pumps Versus CENTRIFUGAL-ELEcTRIC Drive. 

Apove, Five Years’ Operation. BeLow, Frirreen YEars’ 
OPERATION 


It will be noted from: Fig. 1 that the total cost of pumping, 
including fixed charges, over a five-year life is substantially lower 
with a motor-driven centrifugal station than with a Diesel-driven 
station. On the fifteen-year life, the electric-centrifugal station 
would be cheaper on any average capacity factor throughout the 
fifteen-year period of less than 93 per cent if 8 per cent is required 
for capital invested, including taxes, or 80 per cent if 6 per cent 
is required for money. 

Fig. 2 shows that the results from motor-driven reciprocating 
stations will be intermediate between Diesel-driven reciprocating 
stations and motor-driven centrifugal stations. 


Fig. 4 shows the effect of operating a typical line over a given 
life period uniformly at the percentage of capacity indicated on 
the capacity-factor scale of the curve. The method of arriving 
at the results is the same as that used in preparing the curves of 
Figs. 1 and 2, except that account has been taken of reduced head 
resulting from pumping lower quantities of oil. The costs of 
electric energy have been calculated on the curve and schedule 
shown in Fig. 3. 

Under conditions where the amount of oil to be pumped in any 
reasonable period can be determined in advance, the curves of 
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Fic. 2 Comparative Costs oF Pirpe-Line Pumping Wirn Re- 
CIPROCATING Pumps, Drese, Versus Evectric Drive. ABove, 
Five Years’ Operation. Betow, Firreen YEARS’ OPERATION 


Fig. 4 will more nearly reflect the economic results than will the 
curves of Fig. 2. 


ConcLusions 


a Centrifugal pumps are now available for oil-pipe line use; 
they practically require electric motor drive. Recipro- 
cating pumps are also available for motor drive. Many 
satisfactory applications have been made of both types. 

b First-class electric transmission lines now make electric 
service available over a large part of the area covered 
by pipe-line operations. Average yearly availability of 
electric service from such lines exceeds 99.6 per cent. 

ce A sound economic analysis of comparative pumping costs 
should take into effect probable useful life and probable 
capacity factor during that life; it should also consider 
the full return required on capital invested. 
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inv. at 6 per cent.. 15,000 60,000 30,000 120,000 45,000 180,000 30 57,487 as 242,020 205,900 447,920 7.8 , 
Total write-off and id Ss 40 76,650 above 302,010 205,900 507,910 6.64 9 
int. 57,500 202,500 75,400 285,000 93,400 367,500 50 95,812 344,925 205,900 550,825 5.76 
Labor and misc. ex- mn : f 60 114,975 387,466 205,900 593,366 5.16 
penditures....... 37,500 73,000 75,000 146,000 112,500 219,000 70 134,137 430.581 205.900 636,481 4.74 
Total cost of 6 per 80 153,300 473,897 205,900 679,597 4.42 
cent money exclu- r es 90 172,462 517,388 205,900 723,288 4.2 
sive of energy... . 95,000 275,500 150,400 431,000 205,900 586,500 100 191,625 559,545 205,900 765,445 4.00 
Total cost at 8 per 
cent money exclu- Evectric Pump STATION 
sive of energy.... 100,000 295,500 160,400 471,000 220,900 646,500 


Operating costs in dollars 
B—Fixed charges based on 8 per cent money 


Evectric Pump STation Period 5 yrs. 


Operating costs in dollars Load Energy Total Charges Unit 
A—Fixed charges based on 6 per cent money factor M-Bbls. peer energy other than Total nent 
Period 5 yrs. ch 7A pumped mills/bbl. cost energy cost mills/bbl ' 
arges — 20 Same as Same as Same as 100,000 175,756 a8. 8 
Load Energy Total other Unie 30 a 5-yr. a 5-yr. 5-yr. 100,000 180,674 
factor M-Bbis. cost energy than Total cost 10 period period period 100.000 200'667 > 85 
gq pumped mills/bbl. cost energy cost mills/bbl. 50 100.000 214'975 674 
20 12,775 5.93 75,756 95,000 170,756 13.4 60 100,000 229,155 5.98 
30 19,162 4.21 80,675 95,000 175,674 9.15 70 100,000 243,527 5.45 
40 25,550 3.94 100,667 95,000 195,667 7.66 80 100,000 257,899 5.04 
50 31,937 3.60 114,975 95,000 209,975 6.56 90 100,000 272,463 4.75 
60 38,323 3.37 129,155 95,000 224,155 5.84 100 100,000 286,515 4.49 
70 44,712 3.21 143,527 95,000 238,527 5.33 . 
80 51,100 3.09 157,899 95,000 252,899 4.95 Period 10 yrs. 
90 57 487 3.00 172,463 95,000 267 463 4.65 20 Same as Same as Same as 160,400 311,911 12.2 
160 63,875 2.92 186,515 95,000 281,515 4.4 30 a 10-yr. al0-yr. a 10-yr. 160,400 321,748 8.39 
: 40 period period period 160,400 361,734 7.07 
Period 10 yrs. 50 160,400 390,350 6.12 
20 25,550 Same 151,511 150,400 301,911 11.8 60 160,400 418,710 5.46 
30 38,325 as 161,348 150,400 311,748 8.12 70 160,400 447 454 5.00 
40 51,100 above 201,334 150,400 351,734 6.87 80 160,400 476,189 4.64 
50 63,875 229,950 150,400 380,350 5.95 90 160,400 505,325 4.42 
60 76,650 258,310 150,400 408,710 5.33 100 160,400 533,430 4.18 


4 
3 


Period 15 yrs. 
20 Same as 
30 a 15-yr. 


period 


Same as 
a 15-yr 
period 


Same as 
a 15-yr. 
period 


220,900 
220,900 
220,900 
220,900 
220,900 
220,900 
220,900 
220,900 
220,900 


448,167 
462,920 
522,910 
565,825 
608 366 
651,481 
694,597 
738,288 
780,445 


PETROLEUM 


Period 15 yrs. 


11.7 20 Same as Same as 
8.06 30 a 15-yr. a 15-yr. 
6.83 40 period period 
5.90 50 
5.30 60 
4.85 70 
4.52 80 
4.28 90 
4.07 100 


Fie. 5 Moror-Driven CentriFuGaL-Pump STATION 


Diese. Pump Station 


Operating costs in dollars 
A—Fixed charges based on 6 per cent money 


Period 5 yrs 
Load 
factor M-Bbls 
pumped 
20 12,775 
30 19,162 
40 25,550 
31,937 
60 38,325 
70 44,712 
sO 51,100 
90 57,487 
100 63,875 
Period 10 yrs. 
20 25,550 
30 38,325 
40 51,100 
50 63,875 
60 76,650 
70 89,425 


sO 102,200 
90 114,362 


100 127,750 
Period 15 yrs. 
20 38,325 
30 57,487 
40 76,650 
50 95,812 
60 114,975 
70 134,137 
80 153,300 
90 172,462 
100 191,625 


Fuel 
cost 
mills/bbl 


0.70 


Same 
as 
above 


Total 
fuel 
cost 


Diese. PumMp 


Operating costs in dollars 
B—Fixed charges based on 8 per cent 


‘Period 5 yrs 
Load 
factor M-Bbls. 
pumped 
20 Same as 
30 a 
40 period 


Period 10 yrs. 
20 Same as 
a 10-yr. 
= period 


Fuel 
cost 
mills/bbl 
Same as 
a O-yr 
period 


Same as 
a 10-yr 
period 


cost 
Same as 
a 5-yr. 


period 


Same as 
a 10-yr. 
period 


Charges 
other than 
fuel and oil 


75,500 


586,500 
586,500 
586,500 
586,500 
586,500 
586,500 


STATION 
money 


Charges 
other than 
fuel and oil 

295,500 

295,500 

295,500 

295,500 

295,500 

295,500 

295,500 

295,500 

295,500 


Total 
cost 
284,443 
288,147 
291,341 
294,982 
298,495 
301,880 
303,649 
309,418 
313,186 


448.885 
456,295 
462,682 
469,964 
476,990 
483,761 
591,298 
498,835 
506 373 


613,328 
624,441 
634,023 
644,946 
655,485 
665,641 
676,947 
688,253 
699,558 


333,186 


488,885 
496,295 


546,373 


Same as 
a 15-yr. 
period 


PET-51-4 


646,500 673,328 
646,500 648,441 
646,500 694,023 
646,500 704,946 
646,500 715,485 
646 500 725,641 


646,500 
646,500 
646,500 


736,947 
748,253 


759,558 


to 
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COMPARISON OF OPERATING COSTS OF DIESEL ENGINE 
AND ELECTRIC-DRIVEN PIPE-LINE PUMP STATIONS, 
CASE IV 
Initial electric investment, $80,000 
Initial Diesel investment, $200,000 
Electric-driven reciprocating pump 
Efficiency, 75 per cent 
Electric labor and misc. exp., $12,000 per yr. 
Diesel labor and misc. exp., $14,600 per yr. 
Charges other than energy in dollars 
5-yr. period 


10-yr. period 
Electric Diesel 
80,000 200,000 
23,500 100,000 
56,500 100,000 


35,000 
165,000 


8,250 
71,750 


48,000 120,000 


119,750 285,000 
120,000 146,000 


239,750 431,000 
64,000 160,000 


255,750 471,000 


Charges 
other than 
energy 
151,000 
151,000 


329,100 
329,100 
329,100 
329,100 
329,100 
329,100 


Charges 
other than 
energy 
159,000 
159,000 
159,000 
159,000 
159,000 
159,000 
159,000 
159,000 


Electric Diesel 
First cost of stations 80,000 200,000 
First cost of salv. 
23,500 100,000 
First cost of non- 
56,500 100,000 
Net value salv. end 
of period........ 13,000 57,500 
Write-off over period 67,000 142,500 
Interest on invest- 
ment at 6 per cent 
over period...... 24,000 60,000 
Total write-off and 
int. invest- 
91,000 202,500 
Labor and misc. ex- 
penditures....... 60,000 73,000 
Total cost at 6 per 
cent money exclu- 
sive of energy.... 151,000 275,500 
Int. on inv. at 8 per 
—_ cent over period.. 32,000 80,000 
Unit Total cost at 8 per 
_, cost cent money exclu- 
mills/bbI. sive of energy.... 159,000 295,000 
22.21 
15.0 Evectric Pump STATION 
11 4. Operating costs in dollars 
9 80 A—Fixed charges on money at 6 per cent 
6 75 Period 5 yrs. 
5.98 Electric 
5 40 Load energy Total 
491 factor M-Bbls cost per bbl. energy 
% pumped  mills/bbl. cost 
20 12,775 5.38 68,729 
17.6 30 19,162 3.81 73,009 
11.4 40 25,530 3.57 91,213 
9.03 50 31,937 3.26 104,116 
7.31 60 38,325 3.05 116,891 
6.24 70 44,712 2.91 130,113 
5.40 80 51,100 2.80 143,080 
4.80 90 57,487 2.72 156,366 
4.35 100 63,875 2.63 169,269 
3.96 F 
Period 10 yrs. 
20 25,550 Same 137,459 
16.0 30 38,325 as 146,018 
10.9 40 51,100 above 182,427 
8.28 50 63,875 208,232 
6.74 60 76,650 233,782 
9.4. 70 89,425 260,226 
4.95 80 102,200 286,160 
4.40 90 114,362 312,732 
3.98 100 127,7 338,537 
3.65 
Period 15 yrs. 
20 38,325 Same 206,188 
30 57,487 as 219,027 
40 76,650 above 273,640 
50 95,812 312,348 
Unit 60 114,975 350,673 
70 134,137 390,339 
mills/bbl 80 153,300 429,240 
on : 90 172,462 469,098 
100 191,625 507,806 
16.05 
12.2 Evectric Pump Station 
9.86 Operating costs in dollars 
+ y B—Fixed charges based on 8 per cent money 
6.34 Period 5 yrs. 
5 72 Electric 
5.22 Load energy cost Total 
’ factor M-Bbls. per bbl energy 
% pumped mills/bbl. cost 
19.1 20 Same as Same as Same as 
4 4 a a 5-yr. a 5-yr. 
. eri eriod riod 
8.0 50 " 
6.75 60 
5.85 70 
5.2 80 
4.71 90 
4.3 100 


159,000 


15-yr. 
Electric 
80,000 


23,500 
56,500 


2,900 
77,100 


72,000 


149,100 
180,000 


329,100 
96,000 


353,100 


Total 
cost 
219,729 
224,009 
242,213 
255,116 
267 891 
281,113 
294,080 
307 ,366 
320,269 


377,209 
385,768 

22,177 
447,982 
473,532 
499,976 
525,910 
552,482 
578,287 


535,288 
548,127 
602,740 
641,448 
679,773 
719,439 


riod 
Diesel 
200,000 
100,000 
100,000 
12,500 
187,500 
180,000 


367 ,500 
219,000 


586,509 
240,000 


646,509 


Unit cost 


mills/bbl 


17.: 


758,340 4.94 
798,198 4.62 
836,906 4.36 
Total Unit cost 
cost mills/bbl. 
227.729 17.8 
232,009 12.1 
250,213 9.81 
263,116 8.23 
275,891 
289,113 6.46 
302,080 5.91 
315,366 5.49 
328,269 5.15 


73 
50 4 
4 60 on 
70 
sO 
90 
100 
84300 
0 66 12,647 275,500 fre ty: 
0 62 15,841 275,500 
0 61 19,482 275,500 3% 
0.60 22,995 275,500 
0.59 26,380 275,500 
0.59 30,149 275,500 |. 
0.59 33,918 275.500 
0.59 37.686 275,500 
Same 17,883 431,000 11.7 yy 
as 25,295 431,000 9.5 
above 31,682 431,000 100 8.0 re, 
38,964 431,000 00 6.99 
45,990 431,000 6.28 
52,761 431,000 100 75 
60,298 431,000 5.35 
67 835 431,000 5.02 & 
75,373 431,000 
50 14.76 én 
26,828 586,500 30 1006 
37,941 586,500 50 825 
47,523 586,500 50 7.03 
58,446 50 6.17 
58,985 50 5.60 
79.141 50 5.15 
90,447 50 4.83 
101,753 50 4.52 
113,059 
00 14.0 
00 7.86 
6.69 
Total 5 9 
fuel Total 
cost 
304,443 
308,147 
311,341 
50 314,982 
60 318,495 
70 321,880 
80 325,649 
90 329,418 i 
100 
471,000 
471,000 
471,000 502,682 ry 
471,000 509,964 oe 
60 471,000 516,990 in 
70 471,000 523,761 Fong 
80 471,000 531,298 By 
90 471,000 538,835 Bie 
100 471,000 
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Pesiod 


20 


20 


10 yrs. 
Same as 
a 10-yr. 
period 


15 yrs. 
Same as 
a 15-yr. 
period 
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Same as 
a 10-yr. 
period 


Same as 
a l5-yr. 
period 


Same as 
a 10-yr. 
period 


Same as 
a 15-yr. 
period 


or 


9 
2: 
2 
2: 
2 
9 
2 
9 
2 
9 
2 
2% 
9 
2! 


568.482 
594.287 


559,288 
572,127 
626,740 
665,448 
703,773 
743,439 
782,340 
822,198 
860,906 


= 


WS 


Awana 


Fic. 6 


Diese. Pump STATION 


Operating costs in dollars 
A—Fixed charges based on 6 per cent money 


Period 5 yrs. 
Load 
factor M-Bbls. 
% pumped 
20 12,77 
30 19,162 
40 25,530 
50 31,937 
60 38,325 
7 44,712 
80 51,100 
90 57,487 
100 63,875 
Period 10 yrs. 
20 25,550 
30 38,325 
40 51,100 
50 63,875 
60 76,650 
7 89,425 
sO 102,200 
90 114,362 
100 127,750 
Period 15 yrs. 
20 38,325 
30 57,487 
40 76,650 
50 95,812 
60 114,975 
70 134,137 
80 153,300 
90 172,462 
100 191,625 


Total 
fuel 


67,835 
75,373 


Charges 
other than 
fuel and oil 


431,000 


Diesel 
fuel cost 
mills/bbl. 


Pump STATION 


Operating costs in dollars 
B—Fixed charges based on 8 per cent money 


Period 5 yrs. 
Load 
factor M-Bbls. 
% pumped 
20 Same as 
30 a 5-yr. 
40 period 


Total 
fuel 
cost 

Same as 

a 5-yr. 

period 


Charges 
other than 
fuel and oil 


Diesel 
fuel cost 
mills/bbl. 
Same as 

a 5-yr. 

period 


Total 
cost 


309,418 
313,186 


Total 

cost 
304,443 
308,147 
311,341 
314,982 


Moror-Driven STATION 


Unit cost 

mills/bbl 
22.21 
15.0 
11.4 


| 
N 
- 


Unit cost 
mills/bbl. 
23.8 
16.05 
12.2 
9.86 


60 295,500 318,495 8.32 
70 295,500 321,880 7.2 
sO 295,500 325,649 6.34 
90 295,500 329,418 5.72 
100 295,500 333,186 5.22 
Period 10 yrs. 
20 Same as Same as 471,000 Same as 488,885 19.1 
30 a 10-yr. a 10-yr. 471,000 alO-yr. 496,295 12.9 
40 period period 471,000 period 502,682 9.8 
50 71,000 509 ,964 8.0 
60 471,000 516,990 6.75 
70 471,000 523,761 5.85 
80 471,000 531,296 5.2 
90 471,000 538,835 4.71 
100 471,000 546,373 4.3 
Period 15 yrs. 
20 Same as Same as 646,500 Same as 673,328 17.6 
30 a 15-yr. a 15-yr. 646,500 a 15-yr. 684,441 11.9 
40 period period 646,500 period 694,023 9.05 
50 646,500 704,946 7.35 
60 646,500 715,485 6.2 
70 646,500 25,641 5.41 
80 646,500 736,947 4.8 
90 646,500 748,253 4.34 
100 646,500 759,558 3.96 
Discussion 


F. E. Warrerrietp.?. Contrary to the statement of Mr. 
Thomas, it is the details of design which at present are entirely 
controlling the economics of pipe-line pumping. This is another 
way of saying that installations are made and the economies 
investigated at some future date, or perhaps never. At present, 
engineers are forced to depend largely upon assumed conditions 
and hypothetical data as a basis for any form of economic analy- 
sis. This, unfortunately, is true of projected as well as work 
already constructed. Only by closer attention, on the part of 
all concerned, to the many details of design and construction and 
by free and unrestricted exchange and use of actual data can 
practical economics be made to verify theoretical predictions. 

Mr. Thomas states that, due to the speed at which a centrifugal 
pump operates, the electric motor is almost a necessity for its 
successful application. The motor is absolutely essential to 
successful operation of the centrifugal pump for pipe-line work. 
The only other practical means thus far developed for driving a 
centrifugal pump is the steam turbine. If a pipe-line company 
should wish to make the investment and take the time to install 
steam-generating equipment, then from an economic standpoint 
it most certainly would use steam pumps. I understand that 
some progress has been made with high-speed Diesel and gasoline 
engines but not with the centrifugal pump in large units so as to 
affect the unreserved statement that has been made. 

Power companies may be warranted in placing a penalty in the 
rate, based on power factor, when induction motors are used on 
reciprocating pumps. Without becoming involved in a dis- 
cussion of rates, is it unreasonable to expect a bonus in the rate, 
also based on power factor, when a pipe-line company increases 
its investment by using synchronous motors on plunger pumps? 

Referring to the table of ‘Typical Costs of Oil Pipe-Line Pump- 
ing Stations,’’ Mr. Thomas has given total construction costs for 
three classes of pumping stations and has used these figures in 
making comparisons. I assume, for the purpose of comparison, 
that the same standard of construction will prevail in all three 
classes and that identical local conditions will be the same. 
Keeping this in mind and using the estimate of $200,000 as the 
basic figure for the Diesel-driven reciprocating station, available 
cost data would indicate a figure of $85,000 for the centrifugal 
station, and $115,000 for the motor-driven plunger-pump station. 
These figures, if used, would have the effect of increasing the cost 
per barrel pumped, with the result that the line could be operated 
at a lower capacity factor for the time interval selected. 

Capacity factor, and the manner in which Mr. Thomas makes 
use of it, may be old to some of you, but to me it is new, and to 


? Oklahoma Pipe Line Company, Muskogee, Okla. 
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40 5 B50 438,177 
50 5,50 463,982 
60 489,532 
70 5,650 515.976 
80 5850 
90 5,850 
100 5,850 if 
Period 
353,100 
30 353,100 
40 353,100 
50 353,100 
60 353,100 
70 353,100 j 
80 353,100 
90 353.100 
100 353,100 
= 
8,943 275,500 0.70 284,443 
ji 12,647 275,500 0.66 288,147 
15,841 5.500 0.62 291,341 
19,482 5.500 0.61 294.982 9.25 
22,995 5.500 298,495 7.80 
26,380 5.500 301,880 6.75 
30,149 », 500 0.59 305,649 5.98 
33.918 5,500 5.40 
37,686 5,500 4.91 
17,885 Same 448,885 
25,295 as 456,295 
31,682 431,000 above 462,682 i 
38/964 431,000 469,964 
45,990 431,000 476,990 
52,761 431,000 483,761 
60,298 431,000 491,298 
431,000 506,373 
‘ 26,828 586,500 Same 613,328 
37,941 586,500 as 624,441 
47,523 586,500 above 634,023 
58,446 586,500 644,946 
68,985 586,500 655,485 
79,141 586,500 665,641 
90,447 586,500 676,947 
101,753 586,500 688,253 
113,059 586,500 699,558 
295,500 
295,500 
295,500 
50 295,500 


— 
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say the least of it, unique. Whenever the method employed in 
this paper is used in obtaining an economic comparison in pipe- 
line pumping, the capacity factor must be defined clearly. Ob- 
viously, the station must be assumed to pump under the same 
conditions for whatever period of time it is in service. Offsetting 
this is the fact that the assumed condition is never uniformly 
realized in the practical dispatching of oil. 

I assume that the present case deals with main or trunk-line 
pumping. Exception is taken to the statement that a 65 per cent 
eapacity factor cannot be maintained over a ten-year period. 
As a rule trunk-line construction proceeds slowly and carefully 
and present operation of trunk systems in Oklahoma indicates 
that a factor of 90 per cent is being realized. This is not true, 
however, of field or gathering lines. One case investigated shows 
a 92 per cent factor the first year, 56 per cent the second, and 35 
per cent the third year. 

Unfortunately a schedule of the rate used by Mr. Thomas in 
preparing his power costs was not included, and it is therefore 
impossible to go very far into the figures given. An attempt 
was made to arrive at the cost of power per kw-hr. by using the 
figures given in Case II-A for 100 per cent load factor. A fair 
break up of the 68 per cent overall efficiency of the centrifugal- 
pump installation would be 92 per cent on the motors and 74 per 
cent on the pumps. At 650 lb. and pumping 35,000 barrels per 
day the fluid hp. required would be 387 and the energy input to 
the motors 436 kw-hr. At this rate, the total energy used in 
five vears would be 19,146,800 kw-hr. and if the total power cost 
was $186,515 the average rate per kw-hr. would be 0.975 cent. 
It may be that power is sold at this rate in Texas, but in the Mid- 

Yontinent, at least, the rate per kw-hr. for similar main-line 
pumping with centrifugal units is 1.1 cents. The cost per barrel 
pumped, for power only, is more nearly 0.35 cent instead of 
0.292 cent as given by Mr. Thomas. In the case of synchronous 
motor-driven plunger pumps for main line work, the cost of power 
will vary from 1.1 to 1.15 cents per kw-hr. and the cost per 
barrel from 0.21 to 0.27 cent. 

The conclusions to be drawn from these figures are that a com- 
parison between centrifugal and Diesel pumping on a five-year 
operating basis indicates that the curves would cross at approxi- 
mately 70 per cent load factor. In comparing the Diesel with 
motor-driven plunger pumps for the same operating time the 
curves would cross at about 55 per cent load factor. 

While the writer does not agree entirely with the figures that 
Mr. Thomas has used, I appreciate the fact that he has worked 
out and presented a logical method for attacking the problem of 
economics in pipe-line pumping. 

By obtaining accurate data on the cost of construction and 
operation and by progressively applying it in the manner set 
forth, the margin of assumption can be narrowed down to a point 
where a preliminary economic analysis can have a true and 
correct meaning. 


CLOSURE 


It is no doubt true that, due to the limited time in which 
many oil-pipe-line installations have been carried out and due 
to certain economic conditions, there have been many pipe- 
line pumping installations that were, as Mr. Warterfield says, 
installed first and studied afterward. However, during the past 
two or three years there has been a noticeable increase in interest 
in the careful analysis and design of both pipe-line and pumping 
equipment. Executives are obviously more interested in and 
attentive to a sound economic analysis and careful design before 
construction is started than they have been in the past, and 
there is every reason to believe that substantial progress will 
be made in the engineering of pipe-line pumping for many years 
to come. ‘ 

The application of steam-driven pumps to a modern pipe- 
line station would no doubt be interesting for certain stations 
fortunately situated as to water supply and probable capacity 
factor during useful life, but the disadvantages in increased 
investment cost, time required for installation, number of 
operators required, etc., have apparently resulted in only oc- 
casional consideration of steam-driven installations. 

The electric rate used in the comparison given in the paper 
is based on a power factor which average industrial customers 
can easily obtain with standard apparatus, on the assumption 
that where power factor correction is required on loads connected 
to the transmission network corrective equipment can be more 
advantageously used when owned and operated by the power 
company and operated as a part of the transmission system. 
Other types of rates, based on lower average power factors, 
might justify a bonus for improved power factor of customer's 
apparatus, just as rates designed to cover high-power-factor 
conditions might justify a penalty. 

With regard to the matter of construction costs, these are 
obviously different in different localities and in different organi- 
zations, but a careful check of available information seems 
to establish the figures given on construction costs as representa- 
tive figures. 

The rate schedule and curve, which unfortunately did not 
accompany the draft supplied Mr. Warterfield before presenta- 
tion, I think answer fully the questions in regard to electric 
rate and the curves of Fig. 4 were prepared as a supplement 
to take account of possible operating conditions mentioned 
by Mr. Warterfield, so that the effect of operating the line at 
other than assumed conditions with regard to pressure and 
quantity might be more easily visualized in connection with the 
typical problem. 

As Mr. Warterfield recognizes in his conclusion, a careful 
application of some method of analysis, such as the one outlined 
in this paper, to the exact conditions obtaining in any particular 
installation, is necessary in order to reach proper conclusions 
as to that installation. 
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Economics of High-Pressure Transportation 
for Natural Gas Pipe Lines 


By P. McDONALD BIDDISON,' MONROE, LA. 


HE past few years has witnessed the building of natural-gas 

I systems for supplying gas to markets at greater distances 

from the sources of supply than have ordinarily been 
thought feasible. Lines are proposed of even greater length than 
any yet built. Some of these involve the movement of such large 
quantities of gas that the sizes of pipe, which manufacturers can 
now make in quantities sufficient for the speed of construction 
required, are too small to transmit the requisite quantity of gas 
at the pressures to which the industry has become accustomed. 
To keep pipe sizes within limits which can be had in quantity and 
thereby avoid excessive premiums on pipe and costly delays in 
construction, higher pressures are being resorted to. It has, as 
a consequence, been suggested that even where small quantities 
are used, economies might be effected by using pressures as high 
as 1000 or 1500 lb. The desired result can then be accomplished 
with pipe of much smaller diameter than would be necessary with 
the pressures in common practice. 

Commercial pipe is manufactured in standard sizes. In 
practice, the size nearest that theoretically required must be 
adopted and the operating pressure modified slightly from that 
chosen in order to fit the size pipe obtainable. To determine the 
economic effect of pressure variation it will be assumed therefore, 
for this discussion, that pipe is obtainable in any size and with 
walls of any thickness desired. 

The formula of Thomas R. Weymouth seems to fit experience 
better than any other formula for the flow now in use. Some 
approximations will simplify the procedure, even though they 
may not agree with the ideas of some engineers as to the degree 
of accuracy required for such a presentation as this. Fig. 1 
shows the relation of the square root of the difference in squares 
of two numbers to the larger of the two numbers. As the ratio 
of the numbers increases, the value of the square root of the dif- 
ferences in squares approaches the value of the larger number. 
When one number is less than 40 per cent of the other, the value 
of the square root of the difference in squares is 0.915 times the 
larger number. This means that under these conditions of 
pressure ratio in a flowing line, 91.5 per cent of the maximum 
possible ratio of flow is obtained. If then it is assumed that for 
high pressures the maximum capacity is proportional to the gage 
pressure at the inlet, no great error will have been introduced. 
Hence we may take Weymouth’s formula: 


and for the present purposes write 
784 P 
Q= VL 
Where Q cubic feet per day 
D_ = inside diameter in inches 


P = gage pressure at inlet of line 
L = length in miles 


1 Consulting Engineer, Monroe, La. Mem. A.S.M.E. 

Presented before Joint Meeting of Mid-Continent Section, A.S.M.E. 
and Southwest Division of National Gas Department of American 
Gas Association, January 15, 1929, Shreveport La. 

Nore: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not these 
of the Society. 


Solving Equation [2] for D 


Dh =a——...... [3] 


» = (585) Le 


Therefore, for any given quantity and length, the diameter 
required varies inversely as the */; power of the pressure. 
The thickness of pipe walls is proportional to the diameter of 
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Fie. 1 Ratio or Dirrerence or Squares TO INITIAL PRESSURE 


the pipe and to the pressure and inversely proportional to the 
allowable stress in pipe walls. 


The weight per mile of pipe is proportional to diameter and to 
thickness and for steel weighing 0.2833 lb. per cu. in. 


~ DT X 3.1416 X 5280 x 12 x 0.2833 


Ww 
2000 


W = 28.196 DT......................{7] 


= 
t 
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DP 
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. re 


78 TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


Substituting the value of 7 from Equation [5] into Equation [7] 
28.196 D*P 


[8] 
2 


Substituting the value of D from Equation [4] into Equation [9] 


14.098 
W = [10] 


W = [11] 


Inspection of this equation shows the advantage of handling 
large quantities of gas, for since the weight of steel varies as the 
3/, power of the quantity, the tonnage of steel per unit of quantity 
decreases as the quantity increases and this economy is in addi- 
tion'to the lower operating costs for larger quantities. 

P,P 14.4 Lb.AbS. 


PB 
Fiela\— + 1 Market 
L, L; Ls 


Fie. 2 Pires Line or THREE SECTIONS 


The weight per mile varies as the */g power of the length, hence 
the total weight required will vary as the 1.375 power of the 
length. Doubling the distance then increases the tonnage of 
steel required in the ratio of 1 to 2.5937. Advantages ac- 
cruing by use of comparatively short sections between com- 
pressor stations on a long line as an offset against compressor 
station charges are indicated. 

The effect of pressure upon the tonnage of steel required is to 
increase the tonnage as the operating pressure increases, the 
weight required being proportional to the one-fourth power of 
the pressure. If the-tonnage required for a line designed for 
500 Ib. is compared with lines designed to operate at 1000 lb. and 
2000 Ib., respectively, the following ratios of pressures and ton- 
nages are obtained: 


TABLE 1 EFFECT OF PRESSURE ON TONNAGE OF STEEL 
Ratio of tonnage to 


Gage pressure, Ratio to that of 500 Ib. 
Ib. 500 line 
500 1 1.0000 
1000 2 1.1892 
2000 4 1.4142 


In the design of a pipe line 500 miles long, with a capacity of 
150,000 M cu. ft. per day, there may be three, four, or five 
sections. In any event, assume that the pressure at the market 
end is 100 lb. and that the number of compressions at the line 
station is 2.5 so that in all sections except the last the expansion 
ratio in the pipe line is 2.5. These conditions require about 54 
hp. per million cubic feet of gas compressed and make the square 
root of the difference in squares of the absolute pressures equal 
to about 0.915 P;. At 10 cu. ft. per hp-hr. fuel consumption at 
the line stations, there will be required, allowing for auxiliary plant 
fuel, about 250 ft. per hp-day, or at 54 hp. per million, 13,500 
cu. ft. of fuel per million cu. ft. of gas compressed. With this 
ratio of fuel to gas compressed and fixed pressure at the market, 
the lengths of the various sections of the line may be computed so 
that the flow may be balanced between sections. Consider first 
a line of 3 sections as shown in Fig. 2. 

If X be the fuel used per cu. ft. of gas compressed and Q the 
quantity in cu. ft. per day delivered at the market, then the 
flow in section L; is Q, the flow in section L: is Q + XQ or (1 + X) 
> Q and the flow in section L is (1 + X)? X Q. Then since the 


square of 114.4 is 13087, the flow equations may be written in 
the three sections as follows, K being the coefficient for pipe size 
having the value 


K = 871 x Ds 


= KV/P;? — 13087........... [12] 


+X) Vin = K X 0.915 P,............ 
QU + = K X 0915 P;............ [14] 


Solving for the ratio of L, to I, by equating the left-hand 
members of [13] and [14] and squaring and giving X the value 


of 0.0135 

E [16] 


From [14] 


K 
(=) x — 13087). [20] 


From [12] 


Dividing [20] by [19] 


(P;? — 13087)(1+X)* 13087) X 1.2603 
(0.915 P;)? 


L; = x 


Substituting [18] and [21] in Equation [15] 


— 1308 
+ 10272 L, + L, X 1.2603 = L. . [22] 
1 
Lb P,2 — 13087 
2.0272 + 1.2603 
L 
[24] 


~ 3.2875 — 16494/P,2 


In Equation [24] we have a value of Z, in terms of L. In 
Equation [18] we have a value of Z, in terms of I,, L; may be 
obtained by difference. For lines of 4 sections and 5 sections 
similar equations may be derived, the succeeding sections having 
length ratios of (1 + X)* except the last. Thus for a four-section 
line: 

L 


In = T3768 — [25] 
I, May be obtained by difference. 
For a 5 section line: 


~ 5.4957 — 17400/P,2 


a 
7 
7 
b 
‘ 
| 
q 
3 
a 
AG 
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[29] 
= L, x 1.0838 Se (31] 


The length of sections for lines of 3, 4, or 5 sections at various 
initial pressures is then as per Table 2. The length of the last 
section in each case fixes the capacity, since allowance has been 
made for fuel in fixing the length of the preceding sections using 
the same diameter throughout. The value of the pressure func- 
tion in the last section with an outlet pressure of 100 pounds gage 
is shown in Table 3. From the lengths of the last section in 
Table 2 and the pressure function in Table 3 the size of line re- 
quired may be computed for a capacity of 150,000,000 cu. ft. per 


TABLE 2 RELATIVE LENGTHS OF SECTIONS OF PIPE LINE 
2.5 Expansions—100 Lb. Outlet at Market 


Inlet 
pressure ———Length relative to total length———. 
gage Section 3 Sections 4 Sections 5 Sections 
400 1 0.31796 0.23779 0.18794 
2 0.32661 0.24426 0.19309 
3 0.35543 0.25090 0.19835 
408 1 0.31347 0.23375 0.18538 
2 0.32185 0.24011 0.19042 
3 0.24664 0.19560 
0.27950 
500 1 . 31006 0.23189 0.18416 
2 0.31849 0.23818 0.18913 
3 0.37145 0.24465 0.19432 
750 1 0. 30682 0.2300 0.18295 
2 0.31516 0.23626 0.18793 
3 0.37 0.24272 0.19304 
1000 1 0.30567 0.22923 0.18252 
2 0.31397 0.23547 0.18749 
3 . 38036 0.24322 0.19259 
5 
1258 1 0.30514 0.22903 0.18232 
2 0.31344 0.23526 0.18728 
3 0.38142 0.24166 0.19237 
0.29405 
3 
1500 1 . 30485 0.22886 0.18221 
2 0.31314 0.23509 0.18717 
3 38201 0.24148 0.19226 
2000 1 . 30456 0.22870 0.18210 
2 0.31285 0.23497 0.18706 
3 0.38259 0.24131 0.19214 
4 ean 0.29502 0.19737 
0.24133 


TABLE 3 PRESSURE FACTOR IN LAST SECTION OF PIPE LINE 
100 LB. GAGE OUTLET 


TABLE 4 DIAMETER REQUIRED FOR 150,000 M CU. FT. 


CAPACITY 
Pressure No. 200 300 400 500 
gage sections miles miles miles miles 
300 3 24.306 26.228 27.681 28.864 
4 23.039 24.861 26.237 27.357 
5 22.062 23.805 25.124 26.197 
400 3 21.765 23.484 24.786 25.844 
4 20.706 22.341 23.579 24.587 
5 19.925 21.497 22.690 23.659 
500 3 20.078 21.614 22.812 23.787 
+ 19.064 20.570 21.712 22.638 
5 18.351 19.801 20.102 21.791 
7 3 17.233 18.594 19.624 20.464 
4 16.408 17.704 18.685 19.483 
5 15.798 17.046 17.991 18.759 
1000 3 15.487 16.710 17 ,636 18.390 
4 14.739 15.903 16.784 17.501 
5 14.201 15.323 16.172 16.863 
1250 3 14.254 15.380 16.233 16.955 
4 13.576 14.649 15.460 16.120 
5 13.073 14.105 14.88 15.523 
1500 3 13.331 14.385 15.182 15.831 
4 12.686 13.700 14. 15.077 
5 12.227 13.193 13.924 14.519 
2000 3 11 12.911 13.627 14.209 
4 11.397 12.297 12.978 13.533 
5 10.975 11.842 12.499 13.033 


Cost or Pire LINE 


At the present time pipe prices in the southwest are about $90 
per ton delivered. They vary somewhat with diameter and 
also with weights in each diameter, the thin wall pipe in any size 
costing somewhat more than heavy wall. There is no exact ratio 
of these relative costs and for present purposes $90 per ton plus 
$1 per ton per inch over 17 in. or under 11 in. is assumed, using 
the nearest even inch of inside diameter, for. pipe of 12,500 Ib. 
allowable tensile stress with $1 per ton additional for pipe of 15,- 
000 Ib. allowable tensile stress. The costs per ton are shown in 
Table 5. There are certain parts of the cost of installation that 
are proportional or nearly so to the weight of material. Among 
these are unloading and stringing, laying, joints (whether coupled 
or welded), valves and fittings and setting of same, miscellaneous 
freights, special work, superintendence, and equipment charges. 
These all amount to about $32 per ton for an average job. 

In addition there are certain costs which are proportional to 
the diameter of the pipe, in which are included painting, ditching, 
backfilling, and cleaning up. These amount to about $122.50 
per mile per inch of diameter. 

The costs which are independent of pipe size or weight are 
right of way, surveys, damages, clearing, and telephone line, 
amounting to from $600 per mile to $1100 per mile depending on 
the class of territory. It will be assumed at $900 per mile. 

Summarized these costs may be expressed by an equation which 
will include 15 per cent for overhead, interest during construction 


Pounds Square of Square of Square root of . . 
gage absolute absolute Difference differences and contingencies. 
inlet inlet outlet in squares in squares 
300 08847 13087 85760 293 Cost = L X (1035 + 36.80 W + CW + 140.80 D) 
400 171727 13087 158640 398 
500 264607 13087 251520 501 Where L is length in miles 
7 584307 1 5712 756 
1000 1029007 13087 1015920 1008 W is weight in tons per mile 
1250 1598707 13087 1585620 1258 insi : 
1500 2283407 13087 2269320 1506 D “ inside diameter — hes 
2000 4057807 13087 4044720 2011 C is price per ton of pipe. 
day for various pressure conditions as TABLE 5 500 MILE PIPE LINE—150,000 M CU. FT. PER DAY CAPACITY 
Working ———3 Section line -————4 Section line———.. ——-—5 Section line— 
‘ ion line 
per Table 4 ¥ Having found the di pressure ; Tons per Dollars , Tons per Dollars Tons oat Dollars 
ameter, the weight in tons per mile may gage Stress Dia. mile perton Dia. mile perton Dia. mile per ton 
. oes 6, 300 12,500 28.864 281.79 112 27 .357 253.14 110 26.197 232.13 109 
be determined from the equation: 15,000 234.83 113 210.95 111 193.44 110 
W = 400 12,500 25.844 301.22 109 24.587 271.99 108 23.659 252.44 107 
= : 15,000 251.01 110 227.18 109 210.37 108 
3.1416 12 X P X 0.2833 5280 500 23.787 22.638 ior 21.791 95 
2x S x 2000 750 12,500 20.464 354.09 93 19.483 320.98 92 18.759 297 . 57 92 
15,000 5.08 94 267.49 93 247.97 93 
[32] 1000 12,500 18.390 381.29 91 17.501 345.34 91 16.863 32057 90 
15,000 317.73 92 287.78 92 267.14 91 
14.093 k D? x P 1250 12,500 16.955 405.16 90 16.120 366 . 23 90 15.523 339.60 90 
W= ar [33] 15,000 337 .63 91 305.19 91 283.00 91 
S 1500 15.831 15.077 384.45 90 14.519 356 . 50 90. 
» 320.37 91 297.08 91 
The weigh for a 500- 2000 12,500 14.209 455.23 90 13.533 412.95 90 13.033 382.90 90. 
eights so calculated 15,000 379.36 91 344.13 91 319.08 91 


mile line are given in Table 5. 


Note—Sizes over 22” are penalized $10.00 per ton. 
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MILE PIPE LINE—150,000 CU. FT. PER 

Line pressure Ratio of pe per 
gage compression million 
300 1.143 11 
400 1.562 26 
500 1.94 38.5 
750 2.81 60.0 
1000 3.825 81.0 
1250 2@ 2.19 0 
1500 2@ 2.40 102.0 
2000 2@ 2.77 118.0 


TABLE 7—ESTIMATE OF COMPRESSOR gi ga 500-MILE 
PIPE LINE—150,000 M CU. #T. PER D 


3 Section line 4 Section _ 5 Section line 
Field Cost, ‘ost, Cost, 
station Hp. dollars Hp. dolar’ Hp. dollars 
300 1,695 1,718 1,741 
400 4,006 4, 4,115 
500 5,932 6,012 6,093 
7 9,245 9,370 9,496 
1000 12,481 12,649 12,819 
1250 13,867 14,055 14,243 
1500 15,716 15,929 16,143 
12000 18,182 18,427 18,675 
Line Station 1 9,122 9,245 9,370 
Line Station 2 9,000 9,122 9,245 
Line Station 3. None 9,000 9,122 
Line Station 4 None None 9,000 
Total Line 
Stations 18,122 27,367 36,737 
Total Stations 
300 19,817 2,612,125 29,085 3,815,625 38,478 5,034,750 
400 22,128 2,901, 31,427 4,108,375 40,852 5,331,500 
500 24,054 3,141,750 33,379 4,352,376 4 5,678,750 
750 27,367 3,555,875 36,737 4,772,125 46,233 6,004,125 
1000 30, 3,960,375 40,016 5,182,000 49,556 6,419,500 
1250 31,989 4,133,625 41,422 5,357,750 50,980 6,597,500 
1500 33, 4,364,750 43,296 5,592,000 52,880 6,835,000 
2000 36,304 4,673,000 45,794 5,894,250 55,412 7,151,500 


‘The cost of compressor stations is estimated at $45,000 per station 
plus $125 per installed horsepower. 


increases with pressure and the cost of compressor stations in- 
creases with pressure, the total cost increases with pressure and 


TABLE 9 ANNUAL OPERATING EXPENSES AND CHARGES, 
500 MILE PIPE LINE—150,000 M CU. FT. PER DAY 


3 Sections 4 Sections 5 Sections 

300 Lb. line, 12,500 Ib. stress 
15% on investment 3,917,194 3, pres 469 3,649,838 
Management and general 100,000 00,000 100,000 
Compressor stations 222,170 322 850 424,780 
Line patrol and operation 75,000 75,000 75,000 
Total per year 4,314,364 4,299,319 4,249°618 

300 Lb. line, 15,000 Ib. stress 
15% on investment 3,412,434 3, ety 469 3,237,338 
Management and general 100,000 00,000 100,000 
Compressor stations 222,170 322, 850 424,780 
Line patrol and operation 75,000 5,000 75,000 
Total per year 3,809,604 3,774°319 3,837,118 

400 Lb. line, 12,500 Ib. stress 
15% on investment 4,073,025 3, oy 131 3,841,350 
Management and general 100,000 00,000 100,000 
Compressor stations 245,280 br 270 448,520 
Line patrol and operation 75,000 75,000 75,000 
Total per year 4,493,305 4,427,401 4,464,870 

400 Lb. line, 15,000 Ib. stress 
15% on investment 3,545,025 3,440,381 3, tm pond 

Management and general 100,000 100,000 

Compressor stations 245,280 346,270 20 
Line patrol and operation 75,000 75,000 75,000 
Total per year 3,965,305 3,961,651 4,035,870 

500 Lb. line, 12,500 Ib. stress 
15% on investment 4,241,888 4,061,981 3, —_ 938 
Management and general 100,000 100,000 00,000 
Compressor stations 264,540 365,790 408 830 
Line patrol and operation 75,000 75,000 75,000 
Total per year 4,681,428 4,602,771 4,448,768 

500 Lb. line, 15,000 Ib. stress 
15% on investment 3, ass. 138 3,567,731 3,380,438 
Management and general 00,000 100,000 100,000 
Compressor stations 364 540 365,790 468,830 
Line patrol and operation 75,000 75,000 75,000 
Total per year 4,125,678 4,108,521 4,024,268 


TABLE 8 ESTIMATE OF INVESTMENT, 500 MILE PIPE LINE—150,000 M CU. FT. CAPACITY 


-————3 Section line ——-—_. Section line——-—. line——— 
’ Cost of Cost of Cost of 
Inlet Fiber Cost of | compressor Cost of | compressor Cost of compressor 

pressure stress, line, stations, Total cost, line, stations, Total cost, line, stations, Total cost, 

gage pounds dollars dollars dollars dollars dollars dollars dollars dollars _— dollars 
300 12,500 23,502,500 2,612,125 26,114,625 21,527,500 3,815,625 25,343,125 19,297,500 5,034,750 24,332,250 
15,000 20,137,500 2,612,125 22,749,625 18,027,500 3,815,625 21,843,125 16,547,500 5,034,750 21,582,250 
400 12,500 24,252,500 2'90 ‘000 27 153,500 21,932,500 4,108,375 26,040,875 20,277,500 5,331,500 25,609,000 
15,000 20,732,500 2,901,000 23,633,500 18,827,500 4,108,375 22,935,875 17,417,500 5,331,500 22,749,000 
500 12,500 25,137,500 3,141,750 28,279,250 22,727,500 4,352,375 27,079,875 19,687,500 5,678,750 25,366,250 
15,000 21,432,500 3,141,750 24,574,250 19,432,500 4,352,375 23,784, 875 16,857,500 5,678,750 22,536,250 
750 $12,500 25,132,500 3,555,875 28,868,375 22,567,500 4,772,125 7 , 338 21,007,500 6,004,125 27,011,625 
15,000 21,262,500 3,555,875 24,818,375 19,252,500 4,772,125 17,917,500 6,004,125 23,921,625 
1000 12,500 26,137,500 3,960,375 30,097,875 23,802,500 5,182,000 22'035,000 6,419,500 28/454,500 
15,000 22,277,500 3,960,375 26,237,875 20,282,500 5,182,000 18,780,000 6,419,500 25,199,500 
1250 12,500 26,915,000 4,133,625 31,048,625 24,897,500 5,357,750 23,140,000 6,597,500 29,737,500 
15,000 22,785,000 4,133,625 26,918,625 21,167,500 5,357,750 19,710,000 6,597,500 26,307,500 
1500 12,500 28,507,500 4,364,750 32,871,250 26,950,000 5,592,000 24,150,000 6,835,000 30,985,000 
15,000 24,142,500 4,364,750 28,507,250 22,050,000 5,592,000 20,530,000 6,835,000 27,365,000 
2000 12,500 30,386,000 4,673,000 35,059,000 27,665,000 5,894,250 25,705,000 7,151,500 32,856,500 
15,000 25,756,000 4,673,000 30,429,000 23,480,000 5,894,250 21,835,000 7,151,500 28,986,500 


In Table 8 is shown a compilation of costs for the 500 mile 
line for 150,000 M cu. ft. per day capacity based on 3, 4, and 5 
sections and at two different stresses in pipe walls, 12,500 Ib. and 
15,000 Ib. 


Cost or Compressor STATIONS 


Since the quantity to be compressed is the same in all cases 
except for compressor station fuel, and the ratio of compression 
is the same at all stations except field stations, requiring 54 hp. per 
million feet compressed, the installed horse power at each line 
station may be computed at 60 hp. per million compressed, which 
will allow for spare units. Assuming a field pressure of 250 Ib. 
at inlet to the field station, the horse power requirements per 
million for that station are as per Table 6. The quantity to be 
handled at each station includes fuel for all succeeding stations 
and allowance has been made for this. The horsepower per 
station and cost of station is shown in Table 7. 


Cost or Project 


The total cost of the pipe line project including line and com- 
pressor stations is shown in Table 8. Since the cost of pipe line 


there appears to be no advantage so far as investment is con- 
cerned from the higher pressures except in those special cases 
where its utilization will avoid the selection of a pipe size so large 
as to entail excessive costs per ton and in those cases where the 
minimum wall thickness required for rigidity in handling, or for 
successful manufacture, allows a higher pressure without increase 
of tonnage of steel. 


CoMPRESSOR STATION SPACING 


It may be noted, that the investment as between a three, four, 
or five section line is progressively reduced at all pressures as the 
number of sections increases. Operating expenses and charges 
for 300, 400, and 500 pound designs show certain charges pro- 
portional to the investment approximately as follows: 


Per cent 
Maintenance and | reserve. 1.50 
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Unaccounted for gas will likely be about the same for any of 
the conditions and will be neglected. The expense of manage- 
ment will amount to a fixed sum of about $100,000 per year for 
all conditions. Compressor station operating expense, including 
fuel for 65 per cent load factor at 7¢ per M cu. ft. may be taken 
at $8000 per station per year plus $10 per installed horse power. 
The work of line patrol, meter reading and ordinary operation of 
line will be practically identical at about $150 per mile for all 
conditions or $75,000 per year. The respective operating ex- 
penses and charges are then as per Table 9. This may be inter- 
preted, that close spacing of compressor stations is to be justified 
only, to avoid use of a pipe size so large as to entail excessive costs 
per ton or to defer till the markets develop, the investment ul- 
timately required to be made. This conclusion might be some- 
what modified, if a design were made based upon a lower number 
of compressions at the line stations. 


Discussion 


C. E. Hotmgs. For years, natural-gas pipe-line operators 
have considered 300 Ib. as the maximum design and operating 
pressure. During the past two years, the industry has seen gas 
lines designed and operated at 375 and 600 lb.; thus, it is brought 
forcibly to the attention of all interested in the economies of 
gas-pipe-line construction and operation that the accepted limit 
of 300 Ib. may be in error. Mr. Biddison has prepared com- 
putations intended to aid in answering this question. 

The paper is difficult to study and understand as it is filled 
with formula derivation and tables of intermediate steps in com- 
putations. This is especially true of the estimating of first costs. 
In attempting to arrive at “short-cut” methods of obtaining 
answers and in substantiating these methods, the author has put 
into the report, an unnecessary amount of detail. In the writer’s 
estimation the report would be of greater value and more easily 
interpreted, if the author had stated design conditions and fol- 
lowed this with a table of investment costs and operating ex- 
penses. Thus the reader would be relying on the author for the 
correctness of the detail and would be presented only with a 
statement of the problems and the results obtained. A good set 
of curves for the final figures would aid in presenting the con- 
clusions concisely and clearly. 

The basic formulas for design used by Mr. Biddison (Wey- 
mouth’s formula for gas flow and Barlow’s formula for the stress 
in the walls of the pipe) are the best known to the industry. 
The writer has had occasion to check the actual flow against the 
theoretical on several occasions in the past year and has found 
that Weymouth’s flow formula obtains results which are very 
nearly correct. The writer has had no experience to indicate the 
correctness of this formula under extreme pressures of 1500 to 
2000 Ib. 

The writer does not believe that the field of investigation cov- 
ered by Mr. Biddison is sufficient to enable one to draw correct 
and final conclusions. The investigations should include lower 
operating pressures and closer station spacing. The present 
study includes 300 Ib. pressure as the lower limit but the figures 
show that at this pressure the investment and operating costs 
are still decreasing. Will they continue to decrease as the pres- 
sure drops to 250 or 200 Ib.? From a three-section line to a five- 
section line, the investment and operating charges decrease. 
Will they continue to decrease at six-sections and seven-sections? 
All of the intermediate stations were designed for a compressor 
ratio of 2'/.. Mr. Biddison does not substantiate the choice of 
2'/, compressor ratios. The writer believes this choice to be 
correct for usual operating pressures approximating 300 lb., but 
it is a question if this ratio would be economical at 1500 or 2000 Ib. 
operating pressures. 
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The pipe-line costs as developed by Mr. Biddison are from 15 
to 40 per cent high. This opinion is based on a comparison of 
present actual field costs with the author’s estimated costs on 
the sizes and weights of lines which are being built. The com- 
pressor station costs are in line with usual operating pressures, 
but unit compressor station costs should be increased as the 
pressures increase to 1500 or 2000 lb. 

The final results as tabulated by Mr. Biddison are somewhat 
difficult to analyze as each figure represents a pipe-line of certain 
size and weight. This study would be more applicable to exist- 
ing conditions, if the size of pipe line were held constant and the 
station spacing varied to fit operating conditions from case to 
case, to obtain the desired set capacity. 

There are other points than pure economics, which must be 
considered in this question of high-pressure transportation of 
natural gas, for instance, type of construction and action of 
natural gas under high pressures. 

When one attempts to construct pipe lines and compressor 
stations to operate under 1500 to 2000 Ib. pressure, many un- 
solved construction problems are encountered such as: types of 
joints, design of valves and fittings, design of measuring and 
regulating devices, etc. Each of these problems would need 
detailed and thorough study before decisions could be made. 
In many cases, it would probably mean the use of equipment 
especially designed and manufactured for the specific job. If 
the industry adopts higher pressures, it will probably be a slow 
process with the construction difficulties worked out by degrees. 

A study of the critical tables for the higher hydrocarbons con- 
tained in natural gas indicates that these higher pressures might 
be sufficient to liquefy a portion of the gas. The proportion of 
the various elements in the gas, the temperature obtained, and 
the pressure obtained would together need to be correct to have 
this liquefaction take place, but it is possible to have these con- 
ditions under the pressures considered. In other words, at these 
higher pressures, there would be danger of some of the higher 
hydrocarbons dropping out as liquids. If liquids were to be 
formed, then there would be the possibility of stoppage and in- 
terference with compressors, gates, meters, and regulators. 
Furthermore, the flow formula for gas would probably not hold 
true after some liquid was formed. These operating conditions 
are so far removed from experience, that it is difficult to estimate 
or prophesy what would take place in gas flow. 


AvuTHOR’s CLOSURE 


Mr. Holmes states that at 300-lb. pressure the operating costs 
and investment are still decreasing and that at this pressure the 
investment and operating charges are still decreasing as the 
number of stations increases. The changes in operating ex- 
penses, with change in number of sections at a 2'/:-compression 
ratio, are relatively so small that it may be said that they may be 
less than the amount of probable errors in such computations, 
and to indicate no trend. However, if for the same computa- 
tions the same lines be divided into more sections with closer 
spacing of compressors, and a lower ratio of compression, ma- 
terial differences in investment and operating expenses might be 
found, as was pointed out in the final paragraph of the paper. 

Mr. Holmes states that the pipe-line costs are high. They 
are in line, however, with costs on work actually under construc- 
tion at this time. With regard to compressor-station costs for 
extremely high pressures, it may be pointed out that the only 
factors in compressor station affected by such pressure increases 
are gas pipe and compressor cylinders, both of which are small 
factors in the total costs, and neither greatly affected by pressure. 

Under the higher pressures some modification of the flow 
formula would likely be necessary due to the variation of the gas 
from Boyle’s law, and to this the paper has given no consideration. 


3 4 
2 

. 
d 

3 
é 
4 
=a 
igh 
at 
* 
4 
‘ 
‘a 
My 


—— 
| 
if 
i 
: 
| 
i 


f 
> 
4 
a 
3 
: 
a 
| 
=. 
4 
3 4 
4 
4 
3 
4 
Por 


| 
| 


PET-51-6 


Current Production Engineering Problems 


By HALLAN N. MARSH,! LOS ANGELES, CALIF. 


The modern methods of drilling and of ‘‘bringing in’ an oil well 
are given, using a definite well as an example of the succeeding 
operations. The precautions taken to conserve the oil and the gas 
and the methods in use to continue the flow at the best rate for 
obtaining maximum recovery are described. The safeguards used 
to prevent accident and the proper processes for reviving a well that 
has ceased to flow are stated. 


AST action is an outstanding characteristic of the petroleum 
JH protectin industry and all those that successfully cater to 

it. At ten o’clock tomorrow morning an obscure wildcat 
well that has been slowly exploring the region a mile and a half 
beneath some barren hills a couple of hundred miles from any- 
where may become a producer. Within two hours executives 
will have reached the location by air, and a hundred other people 
will be rushing toward the scene by road. At one o’clock a dozen 
or a hundred more wells will be decided upon. From then on the 
whole picture would become too complex to portray. Atten- 
tion will therefore be focused upon one of the wells to be drilled, 
and its life history followed, illustrating with typical data from 
recent experience. 


DEVELOPMENT 


At three o'clock the location for the well will be surveyed and 
staked out. A hasty consultation will have settled which of many 
possible combinations of drilling equipment will be most satis- 
factory for the particular conditions, and $60,000 worth of ma- 
chinery will be ordered delivered. Delivery will probably begin 
the next day. Also the next day the necessary appropriation for 
expenditure of $150,000 for the drilling of the well will be officially 
approved, and written orders sent to the supply companies con- 
firming verbal orders already being executed. In five days a 
122-ft. steel derrick will have been erected, and in another five 
days 100 tons of machinery will have been installed and the drill- 
ing begun. 

Like practically all modern wells, this one is being drilled with 
a “rotary.” Rotary drilling of an oil well is not so different from 
drilling a hole in cast iron, except of course for being on such a 
grand scale. A steam engine or electric motors turn a “table” 
through which is a square hole which turns the square shank or 
“kelley’’ of the bit. As drilling progresses, 6-in. drill pipe will be 
inserted a joint at a time between the kelley and the bit. 

As in metal drilling, speed and feed are the chief operating 
considerations. Until the last few years feed or weight on bottom 
was entirely a matter of guesswork. Weight on bottom equals 
weight of bit, drill pipe, kelley, etc., minus the amount of weight 
suspended from the derrick. Weight indicators have recently 
been developed and put into general use that indicate to the 
driller the total weight suspended, and by the amount that this 
indication falls off when he sets the bit on bottom, the weight on 
bottom. The operation of one of these devices, now in general 
use, is shown by Fig. 1. In addition to giving the driller a con- 
tinuous indication, it makes a graphical record of operations, such 
as shown in Fig. 2. 

Bits are of innumerable designs, but at present there is perhaps 

1 Production Engineer, General Petroleum Corporation of Cali- 
fornia. Jun. A.S.M.E. 

Presented at a meeting of the Los Angeles Section, Taz AMERICAN 
Society oF MECHANICAL ENGINEERS, June 27, 1929. 

Nore: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 


more to choose between materials than designs. In the last 
few years facing materials and inserts have been developed that 
are both harder and tougher than anything even hoped for a 
few years ago. Mud-laden water is pumped down through the 
hollow drill pipe to cool the bit, carry out cuttings, and by its 
hydrostatic head prevent oil and gas from entering the hole pre- 
maturely. The rate of progress to be expected can be seen by 
reference to Fig. 3, a progress curve for a well drilled in the Santa 
Fe Springs field. 

Recently developed apparatus has made surveys of the course 
of wells practical, but much remains to be known about how to 
keep holes straight, or to correct deviation. Fig. 4 shows the 
amount of deviation to be expected at various depths.? Use of 
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relatively light weight on the bit is now considered the most im- 
portant factor in minimizing deviation. 

In drilling into the productive sand great care must be exer- 
cised to prevent the well from blowing the mud out of the hole 
and coming in out of control. Allowing the mud level to sink in 
the hole, or allowing the mud to become of too low a density, or 
to become too thick and be lightened by occluded gas will cause 
this. The pressure of the gas is apt to be 2500 lb. persq. in. If 
the well should come in out of control, it would be apt to ignite 
from the boilers of other rigs, causing a disastrous fire. Such an 
occurrence, while spectacular and expensive, has now become 
comparatively rare. 

With sufficient care, however, a depth may be reached finally at 
which core samples indicate a rich oil zone. Then comes setting of 


2 Quoted by permission of Alexander Anderson from his article in 
“Petroleum Development and Technology in 1928-29,"" Am. Inst. 
of Min. & Met. Engs., p. 30. 
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the “oil string,” 4°/,-in. casing, with many slots throughout the 
portion opposite the producing zone. The slots must be narrow 
enough to exclude sand from the well, and still admit oil as freely 
as possible. Laboratory tests have indicated that if the width 
of the slots is less than twice the diameter of the coarsest of the 
sand grains, a “bridge’’ of coarse sand grains will be formed that 
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Fie. Drituinc ProGcress CuRvE 


(Spudded in, Feb. 8, 1929; completed, June 1, 1929; elapsed time? 114 
days, standing, 23 days; net time, 91 days; average per day, 74.07 ft.) 


will effectively exclude the finer grains. A completed well is 
shown diagrammatically in cross-section by Fig. 5. 


FLOWING 


“Bringing in”’ a well is a relatively simple process, but demands 
considerable care and preparation to avoid loss of control or other 
accident. A “Christmas tree’’ is installed on top of the flow 
string. This consists of a vertical pipe cross, the bottom of which 
is connected to the flow string, the top of which is equipped with 


a gate valve, and the sides of which connect through gate valves 
and “beans” (orifices) to the lead lines to the gas trap. All 
parts of the Christmas tree must be rugged enough to with- 
stand not only pressures of a thousand pounds or more, but to 
withstand the shocks incident to the deflection of slugs of oil at 
high velocity, and the external forces due to switching valves, 
changing beans, and making changes in the lead lines. 

From the well the oil and gas flow to gas traps, pressure vessels 
in which a gravity separation takes place, and from which the oil 
is drawn off by float valves. Efficiency of separation is dependent 
upon the size of the trap and the pressure at which it is operated 
and is probably aided by baffles if correctly designed. Adequate 
tankage must be provided in advance, as once the well is brought 
in, it may not be safe, if at all possible, to stop the flow. 

In the actual “bringing-in’”’ operation, the mud is circulated 
out of the hole by pumping clear water into the flow strifg and 
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out of the annular space surrounding it. Sometimes a well will 
start flowing at this stage, but generally “swabbing”’ is necessary. 
A swab is a plunger with a check valve and rubber packing that 
makes a fair fit in the flow string. Swabbing may be considered 
pumping, with a stroke of the order of one thousand feet. The 
flow string serves as the pump barrel and the swab as a plunger. 
The swab is lowered through the top gate of the Christmas tree 
a few hundred feet into the well on a wire line and hauled out 
with a load of fluid. This operation is continued until the fluid 
level is lowered and the pressure at the bottom of the well reduced 
to such a point that oil and gas can enter. When this happens, 
gas follows the swab out of the hole, or perhaps blows it out with 
some violence. Water, mud, and oil may blow out of the top of 
the Christmas tree for a few minutes, but generally the top gate 
valve is closed promptly and the flow diverted into one of the 
two lead lines. The flow is first directed into a sump until most 
of the mud and water is out of the hole. Then it is turned into 
the trap. From the trap the oil goes to tanks, where it is gaged, 
and the gas goes through an orifice meter into a line that takes it 
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to the absorption plant. Within an hour or two a gaging of the 
tank will form a basis for an estimate of how much oil the well 
will produce in the first day. 

The oil production rate turns out to be 6507 bbl. per day, with 
8,897,000 cu. ft. of gas. The pressure at the casing head is, after 
conditions steady down, 925 lb. From this, the pressure at the 
bottom of the flow string is computed to be 1075 lb., the difference 
being due to the gravity head of the gas in the annular space be- 
tween the flow string and the next string.‘ Knowing the pressure 
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at the bottom, rate of gas flow, and rate of oil flow, the isothermal 
pressure energy in the oil and gas at bottom pressure can be com- 
puted to be equivalent to 1730 hp. Of this, about 295 hp. is 
theoretically needed to lift the oil and gas out of the hole, and 340 
is used for this purpose, giving the exceptionally good efficiency 
to the tubing head of 87 per cent. There remains 1390 hp. avail- 
able at tubing head pressure, some of which is dissipated through 
the “‘bean,”’ and the remainder is used to force oil from the trap to 
the tanks, and gas to and through the gasoline absorption plant. 
It is impractical to utilize the energy dissipated in the bean because 
it will only be available for a few weeks. While a well at Santa 
Fe Springs has been used for illustration, it is of passing interest 


% Appendix I shows sample calculations for this case. 
‘ Appendix II shows graphically the pressure at the foot of a 
column of gas with known pressure at the top. 
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that one California well is delivering, according to hearsay data, 
27,000 hp. of natural gas pressure energy. 

During the early life of a well there is generally surplus energy 
available, as in this case, that would have to be dissipated in the 
bean if not in the flow string, so that there is no necessity for 
efficient flowing conditions. Most new wells are choked or 
“beaned” to limit their production rates, because experience has 
shown not only that excessive production rates are apt to cause 
sanding up of the well or collapse of the casing, but that a moder- 
ate initial production rate will result in greater ultimate recovery. 
After a time, however, the volume and pressure of gas diminish 
to such an extent that if a fairly efficient flow string had not been 
originally installed, the well would die. Experience has taught 
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in a general way what sizes of flow string are appropriate for 
different classes of wells so that the length of flowing life and 
amount of oil flowed are much greater than they otherwise would 
be. There is still need for some really scientific work on this 
point, as no way has yet been devised of charting all of the vari- 
ables so that for any particular set of conditions the correct size 
of flow string can be selected. The size of flow string is the chief 
controllable factor affecting efficiency. Too small a flow string 
causes excessive friction loss, and too large a string permits the 
gas to slip through the oil without lifting it effectively. The 
correct size is affected by the following variables: depth, oil rate, 
gas rate, back pressure, gravity and viscosity of oil, and gravity 
and viscosity of gas. Much information is available as to ef- 
ficiency of flow under miscellaneous conditions, but due to the 
large number of variables, no systematic way of making compari- 
sons has been found. It is probable that tapered flow strings or, 
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practically speaking, strings of graded sizes, large at the top and 
smaller at the bottom, are more efficient than strings of any one 
size. This further complicates the problem. Dimensional 
analysis should establish the form of an empirical equation which 
could be evaluated from data available, and used to design flow 
strings for any conditions. Attempts are being made to do this. 


Gas Lirt 


Sooner or later the gas production declines to such an extent 
that the well will no longer flow naturally, even with an ideal 
flowing installation. Current practice is to artificially prolong 
the flowing period by supplementing the gas produced by the well 
with some circulated by a compressor. This process is generally 
known as gas lift, and considered separately, but it is really only 
a special case of flowing, subject to the same principles as the 
more familiar case. However, it is from the development of the 
gas lift that these general principles have been learned. In the 
past it has been the tendency to consider that the production of 
a flowing well was subject to factors beyond the control of the 
operator. Due to the cost of buying and operating compressors, 
studies of efficiency of flowing have been made, and it has been 
found that a few hundred thousand cubic feet of gas per day with 
an efficient flow string will lift more oil than several million might 
in a haphazard installation. Tests have been made that permit 
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a semi-rational design of flow string for the oil and gas rates com- 
monly encountered in gas-lift practice. 

Gas for gas-lift purposes may be compressed in individual 
units, or in large central plants, or secured from high-pressure 
oil or gas wells. A suitable individual compressor unit is electri- 
cally driven, and has a displacement of about 200,000 cu. ft. per 
day. It will withstand an intake pressure of thirty or forty 
pounds, giving a capacity of 500,000 to 600,000 cu. ft. per day. 
This will handle the average gas-lift well satisfactorily, and in 
many cases is more than is required. Individual units should be 
safe for pressures of 1000 lb., as such are apt to be encountered, 
although pressures of 200 to 400 Ib. are more common. 

Where enough gas-lift wells are grouped within a reasonable 
distance, a central plant is sometimes justified. Direct-con- 
nected gas engine-compressor units are generally used in central 
plants. Central plants operate more economically, but are more 


expensive to install, counting distribution lines. In one respect 
they are inefficient and unsatisfactory, in that the pressures 
required for different wells may vary from 100 to 1000 lb., and 
the compressor plant must be operated at the maximum pressure, 
or separate lines run from the plant to the high-pressure wells. 
Elimination of back pressure at the top of the flow string is 
essential to the efficient and effective operation of a gas lift. 
To this end, it is good practice to elevate the trap to such a height 
that the oil will gravitate from it to the tanks, thus permitting 


Well: 
Size pump, nominal... 
Production... bbl. per day., grav 22.8° 
Pod! Stroke , 24 8.p m. 


Work done lifting fluid. hp. 


Dynamometer Data: 


T if 
DF RODS ANDOU | Max. Load , 2,700 /b. 


Min, Load, 4,700 /b. 
. 

WEIGHT OF RODS. (Center Gravity of Loop), 

3500 /b 

Power at Rods, 842 hp 
Down sition of Rods Up 
Motor: 

Power input... /7. Oelec. Ap. 


Efficiencies: 
Power efficiency above ground, wires to rods... 42% 
Power efficiency below ground, rods to lifted. 54% 
Volumetric efficiency of pump ...- 
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the trap pressure to be kept down to atmospheric. The lead 
line from the well to the trap should be short, and any necessary 
turns should consist of long-radius pipe bends instead of elbows. 
Such an installation supersedes the “Christmas tree’? when ef- 
ficiency becomes desirable. 


PuMPING 


Eventually the formation pressure declines to such an extent 
that even the most efficient gas lift is incapable of lifting oil out 
of the well at a satisfactory rate. To secure further production it 
is then customary to pump the well, or “put it on the beam.” 
Fig. 6 shows the essential elements of the old standard pumping 
rig, which is still in use in the majority of cases. An electric 
motor or gas or steam engine drives a 10- or 12-ft. bandwheel 
through belts and a reduction gear or countershaft. The band- 
wheel turns a shaft and crank, which oscillates a pitman and 
walking beam. The beam in turn oscillates a string of sucker 
rods through a stroke ranging in common practice from 24 to 48 in. 
The power efficiency of a standard rig depends entirely upon the 
load it carries, as shown by Fig. 7, but is unsatisfactorily low. 

Until recently little was known about rig efficiency, as there 
was no way of measuring power output. Within the last few 
years, however, numerous dynamometers have been devised. 
The principle of operation of one now on the market is shown by 
Fig. 8. Aside from giving data on above-ground efficiency (in 
connection with a watt-hour meter) it permits the calculation 
of below-ground efficiency by comparison with the theoretical 
work of lifting the oil. It also shows the characteristics of pump 
operation, permits correct counterbalancing, records sucker-rod 
loads, and in fact is to the oil-field engineer what the steam- 
engine indicator is to the power-plant engineer. Fig. 9 shows 
a dynamometer card and data used with it and computed from it. 

The most commonly accepted type of pump comprises a steel 
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plunger working in a sectional cast-iron working barrel, with steel 
ball valves in the bottom of the barrel and the top of the hollow 
plunger. The chief criterion of quality for pumps of this type is 
accuracy of machining of plungers, liners, balls, and seats. 
The American Petroleum Institute specifies a tolerance of +0.0012 
in. on liners. Some manufacturers keep well within these 
limits. The matter of fit between plunger and liners is a moot 
question. Some operators specify plungers only half a thou- 
sandth smaller in diameter than the working barrel, while others 
contend that a looseness of five- to ten-thousandths does not allow 
any appreciable slippage. Obviously, the looser fit causes less 
friction, less danger of seizing, and makes inaccuracies of manu- 


facture of minor consequence, and tests indicate that the looser 


fits cause no serious slippage in most cases. 

Loose-fitting plungers equipped with leather or composition 
cups or other form of packing sometimes take the place of the 
ground-fit steel plungers. This arrangement finds favor for 
some conditions. With such plungers a cold-drawn steel tube 
is sometimes substituted for the cast-iron liner working barrel. 
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100% volumetric efficiency as a compressor, the volumetric 
efficiency as a fluid pump could not exceed 5'/, per cent. If the 
pump is submerged so that the gas is compressed before entering 
the pump, the case is not nearly so bad, but on the other hand 
most oil-well pumps have a large clearance volume, so that a 
given volume of gas will have a much worse effect than calculated, 
in extreme cases completely gas-locking the pump. The neces- 
sity for effectively excluding gas from pumps is thus apparent. 

Fig. 10 shows, from left to right, a common “gas anchor’ or 
separator made of standard weight pipe or oil-well tubing, an 
oversize anchor similar in construction but with 82 per cent more 
capacity (based on cross-sectional area of down pass), a special 
anchor similar to the last mentioned except that it has slightly 
greater area and a much better hydraulic radius, and last, a tan- 
dem gas anchor having two gas-separating chambers arranged in 
tandem but functioning in parallel. Numerous practical tests 
have proved the apparent theoretical advantages of the improved 
types over the common pipe “anchor.” 

Wells newly put on the pump generally need to be pumped as 
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These tubes are sometimes made small enough so that they can 
be removed through the tubing on the rods with the plunger. 
This is an important advantage in eliminating the cost and delay 
of pulling tubing to renew pumps, but is gained at the expense of 
reduced diameter and displacement. 

_ Another type of pump that is finding some favor consists of 
three concentric steel tubes of considerable length, with clearances 
of 0.02 in. of diameter. The inner and outer tubes travel, acting 
as a plunger, while the intermediate tube stands still and acts as 
a working barrel.. Leakage is limited by the length of the leakage 
path rather than by its thinness. This pump does not suffer so 
much as some others from the action of sand and has a long life. 
Offsetting these advantages are limited displacement, large slip, 
and excessive power consumption due to fluid friction. 

Most wells produce more or less gas along with the oil, and if 
even a relatively small amount of gas gets into a pump it will de- 
stroy volumetric efficiency. For example, 100 cu. ft. of gas per 
barrel of oil is considered an exceptionally low ratio, yet this 
amounts to about 18 cu. ft. of gas per cubic foot of oil, so that if 
it were at atmospheric pressure and had to pass through the pump, 
and even if the pump had zero clearance so that it would have 


fast as the equipment will permit in order to get the maximum 
production. As new wells receive much attention and old wells 
are apt to be forgotten, the ordinary operator fails to realize that 
as production declines, pump displacement can be proportionately 
reduced, and it is all too common to find wells with a production of 
10 bbl. per day being pumped with a displacement of 300 or 400 
bbl. per day. In most such cases drastic reductions in displace- 
ment may be made, if done in the right way, with corresponding 
reductions in operating cost and no loss of production. How- 
ever, in some cases, due to excessive pump slip, valve or tubing 
leakage, or ineffective gas anchors, it will be found that even 
in a well with a volumetric efficiency of 5 per cent, reduction of 
displacement will cause a proportional reduction of production. 
In such cases, these other causes of low volumetric efficiency 
must be attended to before reducing displacement. 

Securing the necessary small displacement is not always easy. 
Pump diameters cannot be reduced much without inviting the 
trouble of the small passages becoming clogged with sand. 
Length of stroke cannot be reduced too much without danger of 
the motion imparted to the top of the string of sucker rods being 
all absorbed in stretch of the rods, and the plunger not mov- 
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ing. Part time pumping, as for example eight hours a day, 
generally does not get the full potential production of the well. 
Intermittent pumping, which can be accomplished by recently 
developed automatic control apparatus which will pump a well 
for, say, half an hour and then shut it down for, say, an hour, gives 


while using the bandwheel for pulling rods and tubing. They 
would be satisfactory except for the fact that they put an undue 
strain on bandwheel and shaft, and cause frequent failures of 
these members. The latest and best form of counterbalance is 
the crank counterbalance. It consists of a special crank taking 

the place of the regular crank, 


1928 to which are attached , weights, 


variable in number or_ position. 


For use on rigs where the same 
equipment must be used for pull- 


ing that is used for pumping, 
means must be provided for 
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quickly and easily releasing "or 
centering most of the unbalanced 


weight. Such are on the market, 
and are proving satisfactory. 


The crank counterbalance seems 
to have all the advantages of any 


previous type, and so far has not 
displayed any serious disadvan- 
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of little or no economic value. 
Operators therefore desire to 


(A case where decreased rate of production, or increased back pressure, results in increased ultimate recovery p roduce with the lo ible 


somewhat better results, but has obvious drawbacks. Con- 
tinuous pumping with a very small number of strokes per minute 
is probably ideal, but it is impractical to reduce the speed of a 
standard rig very much with normal speed motors or engines, 
and pulleys of reasonable size. The combination of all these 
factors, however, gives the operator a moderate range of dis- 
placement that he does not commonly utilize. 

Counterbalancing is a phase of pumping requiring special con- 
sideration. During the up-stroke of the rods, the load on the 
beam may average 12,000 lb. and on the down stroke 6000 lb. 
If no counterbalance is provided, the motor will have to develop 
the power corresponding to these loads, positive on the up-stroke 
and negative (acting as a generator) on the down-stroke. If a 
9000-Ib. counterbalance is provided, the motor and transmission 
equipment will only have to handle power equivalent to the net 
loads of 3000 Ib., positive on each stroke. Obviously, much 
smaller equipment will suffice with a counterbalance than with- 
out, and much better efficiency can be secured. 

Until the last few years counterbalances have been omitted or 
are of makeshift character. A weight hung from the beam was the 
most common’ form, and the weight consisted of a box filled with 
junk, or at best a concrete block. It is impractical to make a 
balance of this type that is heavy enough for a deep well and that 
will not wreck the rig if run at high speed. Bandwheel counter- 
balances were the next step. They are special frames carrying 
cast-iron slabs and revolve with the bandwheel. Ordinarily 
they can be placed at such a radius as to have a considerable 
mechanical advantage, and thus less dead weight is required 
than with the beam type. They are either centered or released 
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“‘gas-oil ratio.’’ The subject is so new that little is generally 
known about how to accomplish this. Subsequent to the com- 
pletion of a well, the only ways in which gas-oil ratio can be af- 
fected are by varying the average back pressure against the pro- 
ducing zone, or the space or time distribution of the back pres- 
sure. Since rate of production is also a function of average back 
pressure, controlling average back pressure is synonymous with 
controlling rate of production. Vertical distribution of back 


pressure is affected by tubing depth. A change in operation that . 
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causes or prevents intermittent flow changes the time distribution 
of the back pressure, and may thus affect average gas-oil ratio. 
The effect of rate of production and intermittent flow can hardly 
be predicted, but lowering of tubing should theoretically lower 
gas-oil ratio, and has done so in every case known to the author. 

Experience has shown that the rate of production often has a 
material effect upon the ultimate production of a well, even in 
cases where it has no effect upon gas-oil ratio. Apparently 
there are factors other than gas-oil ratio that affect ultimate re- 
covery. Many suggestions have been made along this line and 
many theories advanced, but none has been very well substanti- 
ated, and none results in consistently correct predictions. Fig. 
11 illustrates the effect of rate of production upon indicated ulti- 
mate recovery for one particular well. 

Much statistical and experimental research is needed upon the 
important subject of ultimate recovery. Much of an empirical 
nature has already been learned, but is too detailed to go into in 
such a broad paper as this. 


Vapor CONSERVATION 


The oil-field engineer’s problems are not all solved when the 
well is drilled and the oil in the tanks. For one thing, the most 
valuable constituents of crude oil are volatile and will be lost 
through evaporation if given the opportunity. Within the last 
few years it has become recognized good practice to prevent or 
minimize such loss through one of several methods. Provision 
of gas-tight tank tops equipped with relief valves reduces evapora- 
tion by keeping a blanket of vapor over the oil, and preventing 
the escape of this vapor except as its volume increases due to con- 
tinued evaporation or temperature changes or the pumping into 
the tank of additional oil. As it is not economical to build tanks 
whose roofs will withstand any considerable pressure or vacuum, 
the relief valves must be set to operate at very nearly atmospheric 
pressure, half an ounce either way being a customary allowance. 

The next step in evaporation prevention is the use of floating 
roofs, which are just what the name implies. The roofs, instead 
of being fixed, are pontoons that float on the surface of the oil as 
it rises and falls. They prevent the evaporation of constituents 
normally in liquid phase or absorbed at the temperature of the oil 
in the tank, but of course cannot prevent the escape of constitu- 
ents that are in the vapor phase or pass into the vapor phase while 
in the tank. 

This method conserves a large part of the potential loss on 
standing storage, but is of little avail on well tanks to which the 
incoming oil carries large amounts of valuable vapors, absorbed 
and entrained. 

The mosteffective system of vapor conservation is that known as 
vapor recovery. This consists of vapor-tight tanks, the vapor 
spaces of which are connected through sensitive regulating valves 
to the vacuum line of a gasoline-absorption plant, and also to a 
dry-gas pressure line. (See Fig. 12.) Relief valves are provided 
foremergency on!y. When oil flows into the tank ora rise of tem- 
perature causes the evolution or expansion of gas, the tank pressure 
tends to rise. This pressure is communicated to a sensitive dia- 
phragm or gasometer through a control line, and when it amounts 
to a couple of tenths of an inch of water, the diaphragm operates a 
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balanced valve between the vacuum line and the tank. Vapor is 
then withdrawn from the tank until the pressure again becomes 
atmospheric. The vapor thus withdrawn goes to the absorption 
plant, where its gasoline content is extracted, and the remaining 
constituents are put into the dry-gas pressure line for field use or 
sale. When withdrawal of oil or temperature reduction draws a 
vacuum of a couple of tenths of an inch on the tank this vacuum 
acts through the control line upon the diaphragm, which opens 
the dry-gas pressure valve and admits enough gas to the tank to 
relieve the vacuum. This system is equivalent to the one first 
mentioned with the further advantage that what vapor would be 
lost by “breathing” is recovered by the gasoline plant. One 
California producing company has recently installed the vapor- 
recovery systems on practically all of its field tanks at Santa Fe 
Springs, Signal Hill, and Athens, at a cost of about $150,000. 
It is estimated that the annual saving in gasoline will amount to 
about $450,000, a return of 300 per cent on the investment. 


Gas INJECTION 


As previously noted, gas seems to be the principal agent for 
moving oil into a well. When the gas is exhausted, further oil 
recovery is unprofitably slow. This belief has led to the practice 
of pumping gas back into partly depleted fields. When an oil 
field is new, gas production generally exceeds all possible demand. 
If the thew field is within reasonable distance of an old field, the 
surplus gas can be injected into the old field. If a new zone is 
developed underneath a semi-depleted old zone, surplus gas from 
the new zone can advantageously be injected into the old zone. 
This is being done on a large scale at Santa Fe Springs. One 
company alone has just built a compressor plant with a capacity 
of 15,000,000 cu. ft. per day, at a pressure of 500 lb. per sq. in. 
The cost was approximately $250,000. This plant is primarily 
for gas-injection work, and at present about 10,000,000 ft. of gas 
a day that would otherwise be wasted is being put away in the old 
zones. It is anticipated that additions to this plant will be made, 
after which the injection rate will be raised to 20,000,000 ft. 
per day. 

It has been past experience with gas injection that the gas 
pumped into a sand will eventually be recovered and that it will 
force ahead of it large quantities of oil that otherwise would not be 
recovered. The gas, from which the gasoline has been extracted 
before injection, can be expected to come out with a new load of 
gasoline vapor collected from the sand. Moreover, the gas will 
have been stored from a time when there is no demand for it until 
a time when it may be salable. 

The first problem in gas injection is to so select the injection 
wells and the manner of injection that the gas will not bypass to 
an adjacent well and come out immediately without having ac- 
complished either oil production or storage. The next problem 
is to so manage the injection program that the company or com- 
panies taking the expense of the injection will get at least a fair 
share of the returns. 

The author is indebted to Mr. W. L. McLaine, Manager of 
Production of the General Petroleum Corporation of California, 
for permission to prepare and present this paper, and to numerous 
people who have contributed data or assisted in its preparation. 
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Appendix 1 150 T 
P 1200 
(Flowing Well Energy Efficiency, Sample Calculation Santa Fe Well = t 
No. 225; data as of 6 a.m., Feb. 16, 1929) 100 
Plow ont size, 5801 ft. of vith in. 1300 iid 
epth to bottom of tubing or nignest perforations if no tubing, 5637 [t. 
Fluid, gross production, per day, S20 000. 4 
Fluid, gravity (wet), 33.9° A.P.I. 
Gas, total volume per day from well, 8.897 M cu. ft. © 
Gas, specific gravity of gas from well, 0.763. 200 4 
Gas, net from formation, 8.897 M cu. ft. per day. > -_ 


Gas, total per barrel of fluid, 1370 cu. ft. per bbl. 

Gar, net from formation per barrel of fluid, 1370 cu. ft. per bbl. 

Pressure, casing head, 925 Ib. per sq. in., g 

Pressure, bottom of tubing or highest perforations, 1075 Ib. per sq. in., g. 

Pressure, tubing head, 460 Ib. per sq. in., 

Work done in lifting one barrel of fluid S weight per barrel X depth, 
1,690,000 ft-lb 

Work done in lifting total gas per barrel of fluid (0.076 X sp. gr. of gas X 
cu.ft. per bbl. X depth), 448,000 ft-Ib 

Work done, total per barrel of fluid, 2,138, 000 ft-lb. 

Energy, in total gas per barrel at bottom pressure (gage) (isothermal) 
(above atmospheric pressure), 12,460,000 ft-lb. 

Energy, in total gas per barrel at tubing head pressure (gage) (above 
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Pressure at Bottom,Lb. per Sq 


Casing-head Pressures, Lb. per Sq.In., Gage 
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Energy, in fluid at tubing head pressure (tubing head pressure, gage 
151), 69,400 ft-lb. 
; Energy, net fluid energy used to tubing head, 92,600 ft-Ib. 
Energy, total gas and fluid energy used (to tubing head), 2,452,600 ft-lb. 
Energy, total gas and fluid energy used (to atmospheric pressure), 
12,622,000 ft-lb. 
Efficiency to tubing head (work done + energy used to tubing head), 
87. er cent. 
ciency to atmospheric pressure (work done + energy in total gas at 
17.0 per cent. 


atmospheric pressure), 10,100,000 ft-Ib. —— 
Energy, net EE energy used to tubing head (difference), 2,360,000 ft-lb. hae 
Energy, in fluid at bottom pressure (bottom pressure, gage X 151), “a 0! 
162,000 ft-lb. $400, 
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Progress in the Printing Industries 


Contributed by the Printing Industries Division 


Executive Committee: Edward Pierce Hulse, Chairman, Harold E. Vehslage, Secretary, Irving 
F. Niles, Walter E. Wines, Charles F. Hart, and Joseph S. Pecker 


1928 full of interest, showing the marked advance made 

in a field that, while not as familiar as some other engi- 
neering activities, has in it the same call for constant research and 
achievement. 

The newspaper comes first to mind. Several times in the his- 
tory of the press a limit of production has been claimed, only 
to be surpassed. 

Marked examples of recent development show increased pro- 
duction of at least two-thirds over an average of earlier but yet 
comparatively modern presses. By skilful designing and resort 
to the best practice in construction, printing cylinders now run 
upward of 416 r.p.m., which means a surface speed of the web of 
paper of 26 ft. per sec. This gives, speaking of the octuple press 
producing 32-page papers, an output of 50,000 an hour. Until 
recently, 30,000 to 32,000 was a high output. Seeking increased 
speed compelled reconcentration on the requirement to obtain it. 
Iron has given way in great measure to steel for the main framing; 
some printing cylinders are practically solid-steel castings; teeth 
in forged-steel gearing are helically cut. Roller and ball bearings 
are extensively used, in one instance 647 ball bearings being dis- 
tributed throughout the mechanism. Automatic lubrication has 
been developed to high efficiency. To overcome the tendency of 
printing cylinders to rebound at the margins of the paper, tight- 
fitting staggered roller bearings are giving excellent service, the 
wear being so slight as to be negligible. 

A unique application of aball bearing acting as an annular wedge 
places a ball cage beyond each cylinder bearing and slightly 
eccentric to it, holding the cylinders tightly against rebound and 
providing room for oil on the opposite or open side. Journal 
bearings are plain, the journals running on specially compounded 
white-metal surfaces claimed to overcome the seizing propensity 
of bronze. 

As time saving is so essential a matter in the operation of 
presses and as rolls of paper are so quickly depleted, an ingenious 
device automatically applies the prepasted end of a new web of 
paper to the diminishing roll which at the same is severed, and 
this is done without materially checking speed. 

The saving of time is everywhere studied. It is obvious where 
high speed is involved that intervals of stoppage are costly. 
Some idea of materials handling will be had when it is realized 
that 50,000 32-page folded papers make a pile about a thousand 
feet high, and that this is only a part of a metropolitan edition. 

Convenience of operation has been carefully worked out as 
well as controls. Cylinders horizontally arranged on one level 
give ready accessibility from the floor; another arrangement 
places the cylinders in pairs one above the other to cut down 
length of floor space, but giving also ample room between units 
for operation. A tally system tabs the output in pressroom and 
office, stopping production automatically at a predetermined 
quantity to prevent overruns or underruns. 

Inking mechanisms show recent developments radically differ- 
ent from usual practice. One method applies the ink under 
pressure through small orifices across the press, the quantity 
supplied being regulated by small valves at the side of press. 
Another method provides the usual fountain but having a 
hardened and ground roller which almost contacts with a com- 
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panion roller running at press speed. In this case the flow of ink 
is regulated by a steel blade with screw adjustment. As the 
space between the rollers is a fraction of a thousandth of an inch, 
present-day accuracy of grinding machinery is apparent, as the 
film of ink transmitted must be uniform at all times at every 
point of adjustment across the press. 

As a summary of newspaper printing an item of paper con- 
sumption will not be out of place as leading to recent advances in 
paper making and finishing. A recent Sunday edition of over 
400,000 240-page papers of a prominent daily required 1200 rolls 
of paper weighing 1200 lb. each. Several presses were used. 
When it is considered that the papers are printed and folded and 
the sections are collected and dispatched to dealers and to the 
mails within a fixed time limit, some idea can be formed of what 
has been accomplished recently by engineers in the field of print- 
ing and collateral machinery in but one area of the field, and the 
end is not yet nor soon. 

While paper making may be considered as a field somewhat 
apart from the printing industries, it is so closely related to it 
that some reference to recent progress should be made. 

That the consumption of paper is enormous will be noted from 
the single instance given. To meet the demand, paper mills are 
confronted with their problems of quantity production. A 
recent novel development has brought a high degree of effective- 
ness in the primary preparation of pulp by steam explosion—a 
decided change in method and an engineering feat of great import 
in paper making. Wood is chipped or cut into small pieces, say, 
1 in. sq. by '/, in. thick; a charge of 200 Ib. is loaded in a “gun” 
and subjected to 1000 lb. steam pressure for 3 to 5 sec.; the charge 
is released and shot against a “target;’’ a quick explosion 
follows, and the impact of the chips produces the pulp. 

As there is considerable moisture in raw paper stock, a vacuum 
drier has been carried to a high degree of efficiency. It takes the 
stock with a moisture content of about 70 per cent and passes it 
into a vacuum chamber containing drying drums and out at the 
discharge end, the moisture being reduced to about 6 per cent. 
The chamber maintains a vacuum of 27 to 28 in., and the water 
evaporated from the paper is carried off. 

While these attainments are of major importance, they are 
only representative of other improvement and invention con- 
stantly going on. If figures will convey a grasp of required 
production, the total for all grades of paper in the United States 
for 1928 will be close to 10,000,000 tons; of this there will be 
about 4,000,000 tons of newsprint grade. 

An instance of meeting the persistent call for speed and in- 
creasing size is well illustrated in a recent paper-calender ma- 
chine. Paper is finished on its faces, and this is done by running 
the web between chilled-iron rolls. As to the width involved, 
without going into detail as to the growth of calenders from a few 
feet, this latest machine carries a stack of rolls 298 in. wide on 
the finished face, the paper to be slit into four webs of newsprint 
width. The lowest roll is 36 in. in diameter; it requires 110,000 
Ib. of iron; the chill is 1*/, to 2 in. deep; the total length, includ- 
ing journals, is about 35 ft. The roll is cast on end, the molten 
metal rising from the bottom. When one considers the depth of 
foundry pit required, the setting of chills, pouring of metal, con- 
trol of temperature—for the journals and center are soft, the 


] 
\ 
ae 
4 
4 
a ‘Ne 
4 we 
. 
| 
4 
4 


2 TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


surface hard and brittle—together with the condition that the 
hard face must be free from defects, some idea of the preparation 
and hazard can be formed as to what is involved in the making of 
these very wide machines. A stack comprises, say, eight to ten 
rolls arranged vertically, those on top of the lowest one being 


Fie. 1 CyLinperR Press BuILt in 1828 By R. Hoe & 
Co., New York, N. Y. 
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Fie. 2. Bep anp PLaTeN Press Buitt in 1830 By Isaac ADAMs, 
Boston, Mass. 


smaller in diameter. They all must be turned and ground so 
accurately that the blue flicker of a light will not show between 
the surfaces; this space is less than a quarter of a thousandth of 
an inch. The rolls are also ground for proper curvature of face 
to compensate for the bending effect of their weight, the lowest 
one being crowned ninety thousandths of an inch, the curve being 
that of a catenary. The calender well expresses the finesse 
of foundry and machine-shop practice in big machinery where 
every move must be carefully made. 

Interesting developments in a new design of paper-cutting 
machine are found in a large size cutting up to 94 in. sq. It is 
made as fully automatic and safe as human ingenuity can devise. 
The knife has a double shear action, one end entering the pile 
slightly in advance of the other end, at the same time having a 
diagonal movement, this giving an easy and clean cut. The 
clamp for holding the paper has a flexible face of leather upon a 
long, rubber pad, so that inequalities in the thickness of the pile 
are met and a firm hold is obtained, the clamping pressure being 
automatically applied independently of the knife action and 
without friction. The knife bar and clamp are of extraordinarily 
strong construction; a center bearing having wedge adjustment 
is placed between them to overcome the tendency of the knife to 
spring and give a concave instead of a straight cut. A safety 


bolt is automatically inserted in the knife bar so that it cannot 
repeat, and in addition a safety washer is interposed between the 
drive shaft and operating parts which will part and separate the 
knife bar from the drive in case of maladjustment or other inter- 
ference with proper action. 

Another attachment for safety is a two-hand throw-in lever 
requiring the operator to use both hands, this keeping them away 
from the knife while it is in operation. A solid base casting 
supports all operating parts, providing a foundation which is 
not dependent on floor conditions. 


Fie. 3 Hanp-Fep Newspaper Press FOR QUANTITY PRODUCTION, 
R. Hoe & Co.,, 1846 


Fie. 4 Earty Verticat-CyLinpER NEwspPaAPER Press BUILT BY 
APPLEGATH, OF LONDON, ENGLAND 


A novel adaptation of a well-known device has been carried to 
high efficiency in an automatic book-trimming machine. A 
turret having four faces is horizontally mounted so as to be in- 
termittently turned to present each face to a trough through 
which piles of books or magazines up to 6 in. thick are successively 
fed. Each face receives its quota, which is securely clamped, 
turns to the right for the first or long-side trim, which is done by 
a knife moving down an inclined plane, cutting and returning so 
as to permit the turning of the turret to the third station for side 
trimming by two knives; thence to the fourth station, where the 
pile is released on a continuous conveyor. The trimmings are 
removed by a suction blower. Normal speed is 24 piles per min- 
ute. Three people are required: one to place the untrimmed 
books, one to jog them in the trough, and one to remove them 
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Fic. 5 Mopern Continvous-Wes Press, Woop NewspaPpeER Macuinery Corp., New York, N. Y. 


from the conveyor. All else is entirely automatic. As to types 
of machines brought to high efficiency for mass production, the 
book trimmer stands out as an excellent example. There are 
printing plants each producing over 12,000,000 magazines a 
month, and as the book trimmer is the machine nearest to the 
fixed mailing time, it is obvious that accuracy, dependability, 
and dispatch are required. 

As intaglio or gravure printing—familiar as the brown supple- 
ments of newspapers—has been mainly considered as requiring 
the continuous surface of a cylinder for etching and inking, the 
advent of a press using a thin copper plate drawn over part of 
a cylinder surface opens a large field for variety in commercial 
gravure work. The plates are quickly etched and attached. 
The inking mechanism is simple and arranged so as to overcome 
difficulty with the ink, which is very fluid, such as slopping at the 
edges. The knife for scraping ink from the non-printing surface 
of the plate is sensitive to adjustment, which materially reduces 
wear and prolongs the life of the plate. Heat has been con- 
sidered necessary for quickly drying the ink, which is quite vola- 
tile. In this printing machine a blower forces air through nozzles 
across the sheet, which sets the ink, and the printed sheets are de- 
livered practically dry. The cylinders are carried on roller bear- 
ings which reduce the power required and hold them firmly 
against the great pressure needed. The making of this machine 
marks the successful outcome of long experimentation to use a 
copper sheet in lieu of a cylinder for this class of printing. 

Style and versatility in modern advertising matter has given 
an impetus to offset printing. This method lends itself so readily 
to the artist’s pictorial fancy as well as to the printing of text 
that its field is becoming more extensive. It is indirect surface 
printing; a thin shect of aluminum or zinc having a design upon 


it is clamped around a cylinder and prints upon a rubber blanket, 
which in turn transfers or offsets to the printed sheet, which 
may have either a rough or smooth face, the resiliency of the 
blanket giving an all-over impression. 

An offset press just brought out has several novel features. The 
cylinders are carried in frictionless bearings in solid seatings in 
the frames or housing. Operative mechanisms as far as possible 
are inside the frames, making occasional access to them secondary 
to facility for supervision while the press is in action. 

Sheets fed from a high pile rising as it is depleted are printed 
and delivered to a descending platform, ready when filled to be 
trucked away. This makes supervision the only manual work 
while the press is operating, the other functions being automatic. 
The application of small motors to mechanisms that need not 
synchronize is another feature; the inking rollers are vibrated 
by a motor; the delivery platform is lowered and raised by 
another independently of the main motor, all of this tending also 
to smoother operation of the cylinders. 

There is a parallel here to the trend to diversified drives instead 
of concentrating upon the prime mover, and also the growing 
practice of placing moving parts within framings. 

As the flat-bed cylinder press was improved its speed was 
limited by the ability of the hand feeder. Then came the auto- 
matic feeder, which as it developed could feed sheets faster than 
the press could run. It became necessary to resort to the rotary 
principle, and rotary flat-fed presses will exceed by 50 per cent the 
average of standard flat-bed presses. Greater accuracy in 
electrotype plates as to surface and curvature has been of great 
help, particularly in color work where exact register is necessary. 

A new two-color sheet-fed rotary press has been brought out 
in which sheets are fed from an automatic feeder to a first-im- 
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Fic. 6 Trerep Form or Press Occupyinc Less Fioor Space, Burtt sy Goss Printing Press Co., Cuicaco, ILL. 


pression cylinder, then transferred by a small cylinder to a sec- 
ond-impression cylinder, two colors being printed on one side of 
a sheet in its passage through the press, from which it is de- 
livered to a pile delivery. Inking mechanisms are quickly 
moved from the plate cylinders, giving ample room for placing 
and removing plates. If a sheet is missed or improperly fed, the 
impression is automatically suspended and the press is stopped. 

A press of this class finds a ready field in work such as magazine 
covers, mail-order catalogs, folding boxes, and color work in 
general. 

An adaptation of the flat-bed press is had in a cutting and 
creasing press. The demand for cardboard containers or folding 
boxes has grown to such proportions that it has to a great extent 
superseded the use of paper wrappings. In this cutter and 
creaser, dies are made up of cutting and creasing rules formed to 
the shapes of boxes and held on the reciprocating bed of the 
press; the rules are lightly notched at intervals so that the cut- 
-outs will be held together for delivery. The press cylinder makes 
two revolutions, one to cut and crease and the other to deliver 
to the pile delivery. The cylinder is equipped with a steel blanket 
against which the rules cut. There is no inking mechanism as 
the stock is printed before going to the press. After delivery 
the piles are stripped of waste and these boxes are ready for use. 
An impression trip cuts out idle running of dies against the 
blanket. The flat-bed principle lends itself effectively to this 
work and has proved very efficient and successful. 

While not strictly in printing industries, a new corner-staying 
machine for folded boxes is closely associated. When die-cut 
‘boxes are to be formed into fixed box shape, it is necessary to 
‘stay the corners with a gummed strip. This work was slow as 


formerly done by hand. In the machine the flat stock is auto- 
matically fed, formed, and corner-stripped at the rate of 100 per 
minute, as compared to 35 by swift hand work. This is another 
instance of the passing of hand labor to automatic machinery 
even in what may seem small operations. 

This report cannot be closed without reference to the advance- 
ment in that wonderful invention, the slug-type-composing 
machine. The first “Linotype” composed and cast a line of 
type of one size, one measure, and one face, and this was success- 
fully accomplished only after years of soul-trying effort. In the 
machines of today it would seem that they almost think, so accu- 
rate are they in operation. From the early form improvement 
has constantly marked its progress until with the latest of the 
multiple magazine models eight different type faces, 720 charac- 
ters in all, are immediately available on a single keyboard. 

As a study in accuracy and swift completion of work assigned 
to it, the machine stands out as a marvel of human accomplish- 
ment. Around it have been built model factories where are 
found the best in manufacturing machinery and management, 
and also enthusiastic welfare work for the social and economic 
benefit of employees. 

In closing, it would be well to say that limitation has compelled 
reference to other branches to be held open; it is, however, felt 
that enough has been included to show the field in its broadness. 

The incentive to work in it is well expressed by H. A. W. 
Wood on the reception of the Cresson medal for his inventions of 
stereotype-plate machinery: “Of all the mechanical creations 
of man, perhaps that which has won him the greatest good is the 
art of printing. Upon it depend all other arts for their propa- 
gation and preservation. And not only do the arts, using the 
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word in its broadest sense, pass current through the medium of 
the printed page and owe to it their permeability and perpetua- 
tion, but so also does every thought of the mind which is held 
worthy of multiplied expression.” 


Fic. 7 CyLinpeER ARRANGEMENT Mipway Between TxHose SHOWN 
IN Figs. 5 anp 6. R. Hoe & Co. 


APPENDIX 


The accompanying illustrations show advancing stages in the 
printing industries and how manually operated machines have 
given way to automatic operation. 

Fig. 1 shows the earliest type of an American flat-bed cylinder 
press, dating 1828. It was crude in build and operation, never- 
theless it had fundamentals which are still used. While at first 
operated by man power, so much was thought of its performance 
that a small walking-beam engine was installed, and it became the 
first steam-driven press in America. The beam engine was 
later replaced by a horizontal one. Even in its immature form 
it marked the definite passing of the simple platen press into 
machine form. 

Fig. 2 is an illustration of that oft-quoted expression “Yankee 
ingenuity.”” In the early days it was thought that the best print- 
ing could be done on a bed and platen machine, and Isaac Adams, 
of Boston, built in 1830 this machine, ever since known as the 
Adams press. The picture is in outline to give an idea of the 
early application of complex yet not complicated mechanisms. 
The bed carrying the type was raised against a platen by a toggle 
operated by an oscillating gooseneck-shaped cam; the inking 
rollers and the sheet to be printed were reciprocated by a some- 
what similar cam. Other original devices paved the way for 
future use as improvement occurred. Its place in history is well 
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sustained by the mass of books, particularly school books, which 
for years were printed on it. 

In America every effort was being made to meet the increasing 
circulation of newspapers and which could not be done by the 
presses then extant. Fig. 3 illustrates the culmination of the 
hand-fed newspaper press for quantity production. 

Built in 1846, with at first four impression cylinders around a 
central type cylinder, it soon grew to a ten-cylinder machine 
with the then wonderful capacity of 20,000 sheets per hour printed 
on one side only. To hand-feed the paper at this rate became a 
highly specialized job, as missing a sheet meant an impression on 
the cylinder, spoiling several succeeding sheets. The expert press 
feeder was a very necessary character in old Newspaper Row. 

About the same time experiments were going on in England, 
and the Applegath press (Fig. 4) was devised. It had been 
asserted that type could not be held on a horizontal cylinder due 
to centrifugal force and gravity. This press was built with 
vertical cylinders; the feeders were arranged around it, the 
sheets being carried by tapes from horizontal to vertical position 
and removed by hand. The large cylinder was polygonal on its 
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Fie. 8 Paper-CALENDERING Macuine, FARREL-BIRMINGHAM Co., 
Inc., ANsonta, Conn. 


surface to match each column of type. As strange as this con- 
struction seems, the London Times was for years printed on it, 
until it finally gave way to the American horizontal press in 
which the type was held between V-shaped column rules. 
Passing from the old days to the present, Fig. 5 illustrates the 
progress made in the interval. The separate sheets of newspaper 
had long ago given way to the continuous web; and as spoken of 
in the report, this press is one of the latest achievements in fast 
presses. The illustration is used to show not only change in 
method, but also the general ensemble of a modern press. For 
comparison, Fig. 6 shows a form of press, many of which are now 
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in operation, and in which the tier form of construction is used as 
occupying less floor space for a given capacity. 

Another arrangement of cylinders is shown in Fig. 7, somewhat 
midway between the two presses just mentioned. In this style 
of press the cylinders are arranged vertically in pairs and 
the facility for operation is evident; the flow of ink, for in- 
stance, being regulated by the series of small valves at the right 
hand. As these press units are assembled to make the complete 
press, ample room is given between them for operation and 
attention, and floor space is conserved. 

The paper-calendering machine (Fig. 8) will convey some 
impression as to what is needed for finishing the surface of paper. 
While those who know paper making will recognize a familiar 
part of mill equipment, others have no idea of the large propor- 
tions and accuracy of a stack of finishing rolls. As the web of 
paper passes between the rolls, not only is finish involved, but 
also uniform thickness, which must be maintained at a speed of 
a thousand feet a minute. This makes it apparent why great 
care is used in grinding the roll surfaces. One feature is the 
removal of rolls for regrinding in a grinding machine built for that 
express purpose; the housings are formed to pass the rolls at 
their ends. The temperature in grinding is controlled by an air 
blast on the roll. The illustration of a nine-roll-high stack does 
not show the latest 298-in.-wide machine; however, the in- 
spector at the left will by comparison give a good idea of width, 
height, and massiveness. 

A large paper-cutting machine of entirely new design intended 
mainly for paper-mill use is shown in Fig. 9. It is equipped with 
every means for quick action, as mill work in sheets must be 
trimmed speedily and cleared from the cutter. The speed of 
descent of the knife is very rapid, and the strain of the cut calls 
for a strong structure to obtain straight trimming. The machine 
takes up to 94 in. sq., and is an instance of the trend to handling 
large volume in large sizes. 

The book trimmer has become a very necessary adjunct to the 
publishing house sending out large editions of books or magazines. 


Fic.9 MACHINE FoR Use MAINLY IN PAPER MILLS, 
Co., CLEVELAND, 


Fic. 10 Book Trimmer, Co., CLEVELAND, 


Fie. 11 Latest Type or Orrset Press, R. Hor & Co. 
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The latest model is shown in Fig. 10. It is really a spectacular 
machine when operating. The feeding of piles of books at the 
right end, the advance on to a side of the turret, the clamping and 


Fie. 12 Press ror CommerciaL INTAGLIO PRINTING AND ART 
Work, Co., CLEVELAND, 
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turret turn for the first cut, a swift descent and return of the long 
knife, another turret turn for side trimming, and then another 
to deliver the trimmed books on the continuous conveyor, and 
thence away from the machine, are thought-inspiring as to what 
man will do next. As quantity production is requisite, the 
machine must be powerful, certain, and durable in action. 

Fig. 11 shows the latest in offset printing presses. It is in- 
teresting to note the endeavor to keep the outside of a machine 
as free as possible from moving mechanism as compared with the 
old practice of trying to keep it in sight. In this press there is a 
studied effort to have the machine as clear as possible for quick 
manipulation. It is automatic as far as it cun be; sheets are 
fed from the pile, printed, and delivered on the pile; and the 
delivery platform is mounted to swing out so as to facilitate 
carrying away on a lift truck. The application of motors at 
remote points is well shown. The great increase in advertising 
has been felt in the demand for this class of work. Even a cur- 
sory glance at some of the fine color work so freely found will tell 
of the ability of the press to produce it in attractive form at a 
high speed. 

The field for intaglio printing for commercial and art work will 
broaden, and to meet it the press shown in Fig. 12 has been built 
to anticipate the demand. The copper sheet on the upper 


Fie. 13 Rotary Two-Co.tor Press Usinc Curvep E.ectrotyps Piates, Bascock PRINTING Press Co., New Lonpon, Conn. 


Fie. 14 CuTrer anD CreaserR Press, Bascock Printinc Press Co., New Lonpon, Conn. 
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cylinder with the etched désign and the knife for scraping off 
surplus ink are well shown. The press must be strong, as con- 
siderable pressure is needed to take the ink from the etched 
depressions on the plate. 

While mainly in one tone now, color printing by the gravure 
process is coming, and the use of the thin copper sheet for picture 
and text may make this press the forerunner of more elaborate 
machines for multicolor work. 


Fie. 15 Tue First Linotype, MerGenTHaLerR Linotype Co., 
Brooxtyn, N. Y. 


Color work will always be attractive and increasing in its call 
on the press. Fig. 13 shows a new rotary two-color press printing 
from curved electrotype plates. This press has been termed 
universally adjustable, because of the facility for operation and 
the means for getting under way quickly. It registers the colors 
perfectly at high speed and utilizes the automatic sheet feeder. 

The cutter and creaser press (Fig. 14) is an adaptation of the 
flat-bed cylinder press and shows how an old principle will 
often lend itself toa new use. That presses of this type have been 
very successful is evidenced by the demand by box makers and 
others using cut-out shapes. For cutting and creasing heavy 
stock for folding boxes, it is very efficient in producing quantity 
without undue wear on the dies. 

The first linotype slug-type-casting machine is shown in 
Fig. 15. This shows really the life work of Ottmar Mergenthaler, 
after whom the linotype company was named. It cast only a 


Fie. 16 Tue Mopern Linotype, MERGEN- 
THALER Co., Brooxktyn, N. Y. 


line of a single type face but did it so well that it was soon in 
operation in the composing room of the newspapers. The 
original linotype, regarded as so revolutionary in its day, has 
grown into the multiple-magazine machine shown in Fig. 16. 

This latest development has a power-driven keyboard, a slight 
touch on a key sending the matrix for one of the several faces in 
the magazines, as selected by the operator. These machines are 
so nearly perfect and simple that many of them are operated 
without the attention of a mechanic. 

The endeavor in this appendix has been to show the nature and 
progress in printing-industries engineering to some extent. All 
could not be included at this time. There is, however, sufficient 
to show opportunity for the engineer, for as F. S. English, a 
member of the Division, says: ““New conditions are continually 
creating new problems, the need for modification in existing 
machinery, or the design of new. These carefully analyzed 
and intelligently worked out are forcing the manufacturer who 
intends to stay in the field into improvements in his products.” 


WINFIELD S. Huson, Chairman, 
Progress Report Committee, Printing Industries Division. 
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Symposium on Paper and Ink as the Raw 
Products of Manufacture and the 
Conditions That Affect Them 


In this symposium paper and ink are treated as the raw products 
of printing manufacture, and the conditions that affect them are 
detailed. Paper as one of the materials used in this leading in- 
dustry has undergone no basic changes in its manufacture. The 
making of paper has been refined since the art was earliest prac- 
ticed, but the fibrous nature of the product remains the same, and 
the resulting influence of temperature and humidity changes upon 
printing production is pronounced. Precision engineering methods 
have been applied to type, engravings, plates, presses, feeding de- 
vices, and to other materials and methods in the production end of 
the printing industry, and also of course to the manufacture of paper 
and of ink; but the handling of these raw products under greatly 
varying conditions has not received proper attention. As a conse- 
quence there are conditions such as static electricity, offset of ink, 
stretch and shrinkage of paper on register work, cracking on the 
fold, alterations in the packing, expansion of rollers, thinning of 


the ink or hardening of the varnish in it, and other real problems 
that are serious obstacles to smooth and economic production. Reme- 
dies that are put forward in this symposium include the heating 
of the pressroom to the proper point; the maintaining of the moisture 
content of the pressroom and the moisture content of the paper; 
that the rollers be suited to the heat and moisture conditions; that 
the inks be suited to the paper and to the heat and moisture condi- 
tions; that the air be properly conditioned and then circulated; 
that floating dust be eliminated; that the working conditions for 
the force be maintained at the proper level; that the great interference 
of static electricity may be eliminated or controlled; that the off- 
setting of ink may be made a negligible factor; and that the paper 
makers, the ink makers, and the manufacturers of appliances used 
in the pressroom process of manufacturing printed matter might 
by cooperation establish standards that would result in greater 
certainty of proper production. 


Paper, and the Influence of Pressroom 
Conditions Upon It 
By OTTO W. FUHRMANN,' NEW YORK, N. Y. 


HE art of paper making, developed in the Far East and 

I practiced in Europe first in the fourteenth century, has 

been refined to a remarkable degree. As new printing 
processes and appliances came into use, paper had to be made to 
meet certain requirements; and as a result we have today an 
endless variety of papers for widely differing purposes. The 
manifold requirements, both of printing technique and ultimate 
use, preclude standardization except within certain limits and 
have burdened paper makers with the difficult task of meeting 
conditions individually. This task has been accomplished in a 
creditable manner, at great expense of skill and energy and 
money; yet the manufacturing printer is far from being able 
to consider one of his materials a standardized product, in the 
sense that for instance the building industry considers structural 
steel or cement. 

The manufacture of paper has not undergone any basic change 
since its inception; the fibrous nature of the product is the same 
whether we examine a wasp’s nest, an Egyptian papyrus, an 
Oriental print, or any of the modern papers, whether hand or 
machine made. In fact, paper owes its existence to the tendency 
of vegetable fibers to curl when wet and to adhere to each other in 
an irregular, interlocking manner, called matting or felting. This 
being the case, it explains at once why paper is not as stable a 
product as metal, for instance, and why it is affected by changing 
atmospheric conditions, seasonal and climatic, no matter how far 
its finishing processes may have been carried. Thus are intro- 
duced variable factors far greater than the manufacturing differ- 
ences between mills. 

Since printing has developed from a craft into an industry, 


1 Chairman, Educational Commission, International Association 
of Printing House Craftsmen. Assoc-Mem. A.S.M.E. 
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precision-engineering principles have been applied gradually to 
type, engravings, duplicate plates, presses, feeding devices, ink, 
and other accessories, and greater accuracy is constantly being 
sought; paper making also, since the invention of paper-making 
machines and of mechanical and chemical wood pulp, has been 
put on an engineering basis so that now each mill at least can 
furnish its own products in fair uniformity. 

The introduction of the halftone for illustrations, especially 
for color work, has brought about mechanical accuracy in printing 
technique to the point where the micrometer and the unit of one 
one-thousandth of an inch have superseded guesswork by sight 
or touch. This accuracy alone makes possible quantity pro- 
duction in uniform quality. Refinements, however, cannot be 
carried much further in an effort to speed up production or to 
make production easier; there are obstacles arising from the 
variable atmospheric conditions to which the industry as a whole 
so far has paid little attention, chiefly because printing is one 
of the industries that can be carried on successfully even in very 
small units, with modest equipment. 

It is a matter of common knowledge, and apparently is accepted 
as a condition that will always exist merely because it has existed 
in the past, that a great deal of effort on the part of the printer, 
especially the typographic printer, is directed toward overcoming 
manufacturing difficulties that are due to the influence of the 
atmosphere upon paper. While we cannot hope to control the 
seasons out of doors, we certainly can control air conditions in- 
side a manufacturing plant, taking into consideration both the 
material and the human beings. Any printer doubting this 
statement is respectfully advised to investigate a rather young 
but tremendously active industry, that of artificial silk, where 
control of temperature and humidity is a vital factor in pro- 
duction. 

Regulation of temperature is nothing new, but regulation of 
humidity is of rather recent origin, and quite generally its im- 
portance in the handling of paper and paper products is not 
understood in the industry. The reasons are not far to seek. 
Up to a few decades ago paper was dampened before it went to 
press. The dampness made it pliable, and the impression was 
taken with an elastic pressure. The halftone illustrations re- 
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quired paper with a smooth, glossy surface, hard packing on the 
presses, and a “kiss” impression. Speed and register require- 
ments also changed the method of sheet feeding from needle 
points in the center to guides on the outside edges. All this 
meant the end of dampened paper in printshops, after more than 
400 years of use. Humidity during all this time had never been 
a problem; now it became one. But so strong is craft habit in 
printers’ minds that even today it is hardly recognized as such, 
and the remedies for the resulting troubles are sought in palli- 
atives that never reach the source. So we find the peculiar 
situation in printing plants that the mechanical side of printing 
is becoming more and more complicated and that new problems 
arise with the new appliances—the very opposite of efficiency. 

Examining the common complaints of printers regarding the 
influence of the weather upon paper, we find that they are more 
numerous during the season when artificial heating is required. 
On the other hand, there are certain sections of the country where 
excessive humidity prevails on many hot summer days—along 
the Atlantic seaboard, for instance; and since a large part of 
the industry is located in this area, complaints multiply there at 
a time when other sections are comparatively free from paper 
troubles. 

The following is an attempt to analyze the printer’s paper 
troubles: 


A. Unseasoned paper 
1 Fresh from the mill, or “green,’’ and therefore showing 
a tendency to either stretch or shrink, thereby making 
register impossible 
2 Brought from cool storeroom into heated pressroom, 
paper loses its flatness and will curl along the edges, 
become wavy all over and cause wrinkles in printing, 
aside from register trouble 
B. Seasoned paper 
1. Tendency to develop static electricity by friction (fanning, 
combing by hand or feeding machine, contact with 
tapes, rollers, and brushes), with these results: 
a Sheets are hard to separate 
b Printing on first side is scratched when feeding on 
the back-up 
c Sheets stick together on the delivery pile in the 
position they fall, and ink offsets either by exclusion 
of air or by too close contact or by mechanical rub- 
bing caused by the joggers 
Ink is not taken readily—leading to offset 
More than normal pressure is required—leading to offset 
Cracking on fold, especially across grain 
Tendency to stretch 
Tendency to curl, wrinkle, and pick 
Slow drying of ink. 


These are by no means all of the possible troubles; an attempt 
has been made to classify them in a certain order because it can 
be shown that those under A occur in all seasons, those under B, 
1 to 4, mostly in the winter season, and those under B, 5 to 7, 
particularly in the summer season, when excessive humidity 
prevails. 

Paper being fibrous is hygroscopic; in other words, it changes 
its moisture content (which is usually from 4 to 6 per cent, vary- 
ing for different grades, when delivered by the mill) to the extent 
of its exposure to the surrounding atmosphere. Paper made 
under normal mill conditions will show its susceptibility to at- 
mospheric influences in various ways, all detrimental to smooth 
production, if brought into a printing plant with either an ex- 
cessive or a deficient relative humidity, by curling, stretching 
or shrinking, wrinkling, static electricity, picking, cracking, etc. 
As the moisture in the paper seeks to adjust itself to the sur- 
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rounding air, the changes take place first along the edges in a 
stack, creating the dreaded waves. This shows the importance 
of careful wrapping and packing in transport, and of covering 
piles of paper on the exposed sides in the plant. 


The words ‘‘dry’’ and “moist"’ applied to atmosphere have a 
purely relative significance depending upon the temperature. They 
involve a comparison between the amount of water vapor actually 
present and that which the air could hold if saturated at the same 
temperature. The ratio of these two quantities is called ‘relative 
humidity."’ When we say “‘a relative humidity of 65 per cent,” 
we mean that the amount of water vapor actually present is 65 per 
cent of what the air might have contained at the given temperature 
of, say, 70 deg. if it had been saturated. 

It would be very easy for any printer to take a series of readings 
around his printshop and record the variation in temperature and 
relative humidity. It would be interesting and enlightening to 
many to see the variation in the amount of water in the different 
rooms. The following table records the measured humidities in 
various parts of a paper mill: 


Relative 
Temperature, humidity, 
deg. fahr. per cent 
Outdoors (dry day).............. s4 37 
Outdoors (rainy day)............ 73 73 


This affords an excellent illustration of the increase in humidity on 
lowering the temperature of the air, and also of the variation with 
the weather. 

At various relative humidities paper holds different percentages 
of water and will absorb or give up water until it comes to equilibrium 
with the existing temperature of the room. The following tabulation 
will illustrate this: 


At 70 degrees Fahrenheit 
Relative humidity, Moisture in paper, 


per cent per cent 
100 21.5 
90 13.5 
80 8.9 
70 8.4 
60 6.5 
50 5.6 
40 3.4 
3 2.3 
20 1.8 


During the winter humidity conditions in the pressrooms are par- 
ticularly bad, for while the average outdoor humidity may be fairly 
high (50 to 60 per cent), the small amount of moisture contained 
in the air at the low temperatures encountered during the winter 
months causes a serious reduction in relative humidity on being 
heated inside the building. As an example to illustrate this point, 
the air at 40 deg. and 50 per cent relative humidity, which are normal 
winter conditions, contains but 18 grains of moisture in a pound of 
dry air. On heating such air to 75 deg. without changing the actual 
amount of moisture present, the relative humidity has been reduced 
from 50 per cent to 15 per cent because the capacity of the air for 
holding moisture has been so enormously increased by raising the 
temperature. 

In the summer conditions are frequently just the reverse. At 
the temperatures prevailing in the summer, even with normal hu- 
midity, there is a considerable quantity of moisture available in the 
air. When this air is brought inside and cooled to any extent, es- 
pecially if it enters a cool cellar, the temperature is rapidly reduced; 
the quantity of moisture remaining constant, the humidity must 
increase. Providing the temperature drop is great enough, especially 
near walls or any cold object, the air will contain more water than it 
can hold at that temperature, and the vapor will be deposited in the 
form of a fog or damp which will settle on the paper, disturbing the 
equalized moisture conditions and resulting in curls and buckles. 

An example based on figures perhaps will help make this idea 
clearer. A comfortable, normally hot day in the summer would have 
a temperature of 90 deg. and a humidity of 60 per cent. It is only 
necessary to drop the temperature of air at this condition to 74 deg. 
to cause over 100 per cent humidity and consequent condensation of 
water vapor. 


The average monthly outdoor humidity in Washington, D. C., 
during 1926 ranged from 77 per cent (September) to 48.7 per 
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cent (April), with temperature averages from 77.7 deg. fahr. 
(July) to 33.7 deg. fahr. (January), while the figures for indoors 
were 65.8 per cent (July) to 21.2 per cent (December) relative 
humidity, while the temperature averages were 84.3 deg. (July) 
to 78.1 deg. (September). More impressive are the maximums 
and minimums existing indoors, and they deserve close attention: 
maximum humidity 79 per cent (September), minimum 12 per 
cent (March), whereas the monthly temperature averages do not 
fluctuate more than a trifle, from 84.3 deg. to 78.1 deg. 

These indoor data were collected in the Government Printing 
Office, and from them we see how closely the temperature is 
being regulated regardless of the severity of the season; at the 
same time it is seen that during the months when artificial 
heating is required, the relative humidity drops far below its 
normal level—and from the foregoing tables and the remarks 
about relative humidity it can be inferred that there we have the 
real reason for many of our production troubles. 

Drying out or absorbing moisture would not in itself cause 
much trouble, except on register work, if it took place evenly 
over the sheet. A single sheet, exposed on all sides, will ‘“‘season”’ 
within a few minutes; but a pile of stock will not attain moisture 
equilibrium readily, once the edges have become wavy, because 
the changes along the edges occur faster than a change can reach 
the inside. Thus it is clear that large-size sheets cause more 
trouble than small ones, and that incidentally is one of the 
reasons why the small fast-running presses are such a success 
from the point of operating economy as contrasted with the large 
ones. 

How serious stretch or shrinkage may be on register work is 
shown by a test case published by the 8. D. Warren Co. (page 13 
of “Warren Standard” No. 1, May, 1927), when a sheet of coated 
paper 28 by 32'/; in., 192 lb. to the thousand, stretched */s: in. 
across the grain in 19 minutes from the opening of the waterproof 
lined case in a room with 72 per cent relative humidity. Com- 
pared with such stretch due to atmospheric condition, the possi- 
bility of the existence of a mechanical stretch of paper due to 
printing, except in special cases, is seriously doubted, except in 
lithographic and offset printing where pressure is exerted over 
the whole surface of the sheet; and even there it will be almost 
impossible to prove on account of the dampening of the plate on 
each impression. 

Static occurs more frequently during the winter. It is gen- 
erally blamed on “temperature,” but it is really due to excessive 
dryness. Combing operations and any kind of friction through 
tapes, rollers, or brushes will create static if the moisture content 
of paper and air is low. On certain types of mechanical feeders 
the electricity generated by the combing wheels is so great that 
high-frequency current devices are needed to make the sheets 
pass through the press. 

In recent years an additional drying device at the end of the 
sheet delivery has found much favor as an “eliminator of static.”’ 
Such characterization, often heard, is off the point. The heater 
helps oxidation of the ink and provides a warm-air cushion for 
the sheet to settle on—in other words, it influences the air sur- 
rounding the sheet and the moisture in the sheet—but elec- 
tricity as such is not affected by heat. 

These heating devices, while on the whole very useful, have 
accentuated the static and offset problem that they were intended 
to eliminate, because of their combined effect upon the air in 
the pressrooms. The large number of open gas flames consume 
some of the oxygen needed for drying the ink, but chiefly they 
still further reduce the moisture content of the air. 

The relation between humidity and temperature is so little 
understood by printers that they seek remedies for their troubles 
along entirely different lines. With the temperature kept at 
77 deg. fahr. and the gas burners working all day long, they 
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wonder why ink crystallizes and why offset occurs in spite of 
the addition of “dope.” It is a surprise, and really a compliment 
to individual skill, to see so much good printing done under these 
conditions when humidity reaches the low level of about 15 per 
cent instead of normally 55 per cent. 

A reasonable amount of humidification means practically no 
static, less ink, and therefore better drying and less offset, less 
“doping” and therefore cleaner printing—on the whole, better 
quality and larger production. 

If dehumidification could be accomplished as easily and ef- 
fectively as humidification, the greater part of the printer’s prob- 
lems with paper would disappear. This, however, is not the case. 
Therefore, such conditions as exist during the summer months at 
the Atlantic seaboard, with temperature around 90 deg. fahr. 
and humidity of 80 per cent and higher, will always make the 
lot of the manufacturing printer a hard one, unless he tackles the 
evil at its source, by constructing and equipping his plant for 
the specific requirements of printing. 

Since local conditions vary greatly, even within the same 
geographical area and season (for instance, New York City), 
it is impossible to give a set of figures that printing plants can 
follow in maintaining a fairly uniform relative humidity. Read- 
ings must be taken in the individual plant over a prolonged period 
in order to establish, first of all, a record of the actual situation, 
before any remedy can be suggested. Whether changed methods 
of handling, wrapping and protecting paper, slip sheeting, or 
sheet driers will bring the desired relief, or whether this will have 
to be brought about by paper-seasoning or air-conditioning 
devices, depends not only on an actual survey but also on eco- 
nomic factors that lie outside of the scope of this paper. The 
fact that printing is carried on in most any type of building and 
often in very small units militates against the installation of 
equipment that would eliminate most of the common troubles 
with paper, by attacking the fundamental source, viz., changing 
atmospheric conditions. 
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Ink, and Atmospheric Conditions in 
the Pressroom 
By JULIUS FRANK,'! NEW YORK, N. Y. 


work in the pressroom is strongly influenced and governed 

by atmospheric conditions, the trials and tribulations of 
which, though obscure to the layman, are appreciated by the 
pressman, who daily comes in contact with the peculiar require- 
ments of the pressroom. 


I NK is one of the raw materials in the printing process. Good 
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The behavior and actions of atmospheric conditions upon 
printing are such that each and every difficulty as it comes up 
must be dealt with as a problem of its own. It often happens 
that the appearance of a carefully planned “job” under one 
condition is marred by other conditions caused by the unexpected 
change in atmosphere, such as a sudden drop from dry to humid 
weather, from hot to cold, or vice versa. 

Atmospheric conditions are the causes of the many difficulties 
in the pressroom such as static, offset, swelling, and shrinking 
of packing, rollers expanding, ink becoming too thin, chilling 
of varnish in the ink, causing the ink to become tacky, paper 
becoming distorted and thereby rendering it difficult to obtain 
good register. 

These and many other such difficulties have been obstacles to 
good presswork. How to deal with them is a problem which 
the author believes should be solved at this advanced stage of 
the printing art. 

Printing ink is made from a pigment and varnish thoroughly 
mixed and ground to a certain degree of fineness. It is also com- 
posed of compounds, driers, and dyes. A dye is soluble in either 
water or oil, while a pigment is insoluble in water or oil. In 
former years the pigments obtained from natural dyes were used 
widely, but today the pigments from the coal-tar dyes give a 
greater range to work with, besides being less expensive. Coal- 
tar dyes are derived through a chemical process and by distillation. 
The pigments obtained from these dyes are precipitated, though 
the inks made by this later method are the most fugitive, yet are 
very brilliant in color. 

In the manufacture of inks, great care is taken as to the order 
in which the different ingredients are added. Inks are divided 
into many different groups, and each group is manufactured to 
meet certain conditions. These conditions may vary from manu- 
facturing inks that will work properly in various climates to the 
production of inks that will be suitable when printed on differ- 
ently finished papers. 

Among these divisions of inks are the following: Halftone, 
process, lithograph, bond, glazed, butter-wrapper, alkali-proof, 
alcohol-proof and ether-proof, stamping, copying, bookbinders, 
and safety ink for checks. There are also special inks for printing 
on wood, metal, glass, celluloid, cloth, leather, rubber, and many 
other surfaces; and they may be obtained in either black or any 
color. 

The modern printing-ink manufacturer has at his disposal 
about five hundred various substances for the manufacture of 
different kinds and grades of inks. The question has often been 
discussed whether it is necessary for a pressman to know all about 
the substances that are used in the manufacture of printing inks, 
or whether it would be sufficient for him to be informed merely 
with regard to coloring matter, such as pigments, dyes, anilines, 
etc., the driers, and the various varnishes. 

Ink is so important that it is necessary for a pressman to be- 
come familiar with many of its manufacturing details. It is not 
necessary, however, that he know all the materials that are used 
in the manufacture of inks. It would be almost impossible to 
become well informed about ink manufacturing unless he made 
an intensive study of the business. 

The various ingredients in printing inks are obtained from all 
parts of the globe. It would mean quite a lengthy tour—in fact, 
it would take us around the world—to locate all of the sources of 
these ingredients. 

The bulk of our flaxseed is imported from Argentine and Russia; 
some of it is grown in South Dakota. From the State of Georgia 
we get our supply of rosin oil. We get our supply of paraffin and 
asphaltum oils from Texas, Oklahoma, and California. 

We obtain gilsonite (a black gum used for the manufacture of 
varnish) from Utah and Idaho. From China we import wood 


12 TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


oils. From Australia and Java we receive soft copal. East 
India is the source which supplies us with damar gums, All of 
these materials, and many more that are mentioned herein, are 
used in the manufacture of inks. The quality of the ink is gov- 
erned by the grade of the pigments and by the varnishes used. 

A great deal depends also on the amount of grinding the ink 
receives; which may vary from two to as many as ten times. 

It has been proved that a certain ink will give very good results 
one day while the same ink when used the next day on the same 
paper and on the same kind of press will not work satisfactorily 
at all. The difference in the atmospheric conditions is the cause 
of this. 

It also has been demonstrated again and again that a good 
grade of ink is far cheaper in the end than a poor but cheaper 
grade. An ink that will give entire satisfaction on every kind of 
stock and press and in any kind of weather has not as yet been 
manufactured. 

The ink manutacturers have reached a point at the present time 
where they can adapt their inks to meet practically every problem 
that may arise in the pressroom. If the printer and the inkmaker 
will cooperate, a great deal of unnecessary trouble and delay may 
be avoided. 

Pigments, varnishes, and driers are the most important ele- 
ments used in the manufacture of inks. In the manufacture of 
black inks, gas black is most frequently used. This substance is 
produced by the burning of gas with an insufficient supply of air 
for complete combustion. A very different quality of black is 
produced by the burning of oil and fats with an insufficient sup- 
ply of air. The black produced by this process is known as 
lampblack. Lampblack is a grayish black, while carbon black is 
deeper and more dense. 

Because of its deep black tone carbon black is used as a pigment 
in the best grades of black printing inks. Carbon pigments are 
also used in many other industries, such as the manufacture of 
rubber, paint, stove polish, phonograph records, carbon paper, 
crayons, typewriter ribbons, leather, clothing, insulating wire, and 
arc lights. Carbon blacks vary in blackness; that is, they vary 
in their intensities, in their shades, and in their working proper- 
ties. Careful selection and tests are necessary in order to produce 
black printing inks possessing the qualities desired for any given 
purpose. In black printing inks the finish or luster depends upon 
the grade of pigment and varnish used; though all blacks con- 
tain the element of carbon in a more or less pure form. 

There are two classes of driers. One dries by “oxidation,” 
while the other dries by “absorption” in the paper on which it is 
printed. For instance, a hard-surface paper requires paste 
driers, while soft papers require liquid driers. The paste drier 
influences the ink, so that it is hardened and dried by the air, 
while the liquid drier has the opposite effect, allowing the ink to be 
absorbed by the paper. 

An ink is often practically ruined by an overdose of driers. All 
inks contain a sufficient amount of driers—but owing to the rush 
work of the present day and the sudden change in the atmosphere 
the drying results are poor, unless the pressman knows to a cer- 
tainty the faults. 

Colored Inks. Color attracts attention in advertising, and its 
use is constantly increasing. Almost any piece of printing is 
made more attractive by the use of color. At the present time 
colors for printing inks are obtained through the most scientific 
methods. 

Colors are a wonderful and interesting study, regardless of 
whether they are used for printing or for any other purpose; and 
it is a fact that no two persons see colors exactly alike. Some 
are unable to distinguish between red and orange or blue and 
green. This is called color blindness. It is a serious defect in 
any one who has to mix colors. This defect is hereditary and is 
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much more common in men than in women. Statistics on color 
blindness state that out of every 1,000 men 40 are color blind. 

The use of colors enables the mind to grasp the actual appear- 
ance of the article advertised without having to resort to the 
imagination. The colors to which the average person is most 
sensitive are red, green, and black. 

Yellow and white are representatives of light. Blue and black 
are representatives of shade. Red is a representative of color. 

A primary color is one that cannot be made by combining other 
colors. There are three—yellow, red, and blue. All other 
colors are derived from combinations of these three colors. 

The secondary colors are green, orange, and purple. The 
blending of two primary colors in equal parts will produce the 
secondary colors; yellow and blue form green, red and yellow 
form orange, and red and blue form purple. 

The tertiary colors are produced by a combination of the pri- 
mary and the secondary color mixtures. 

White and black are generally spoken of as colors, though 
they are not; yet they play a very important part in the mixing 
of colors, as they are used to obtain the shades that could not be 
produced otherwise. 

The term ‘‘tone”’ is properly applied to the variation of any 
color. The term ‘neutral’ is applied to tones that are without 
apparent color, such as black, white, and gray. Generally 
speaking, black absorbs all colors, while white reflects all colors. 

A gray tint is white and black in various proportions. Grays, 
as a rule, are turned to some particular hue or tone. A gray can 
be turned toward a bluish, reddish, yellowish, or greenish shade 
by adding just a trifle of these colors to the gray. 

Some very interesting combinations of colors and color studies 
are given in the following chart: 


Primary Colors: 
Yellow 
Red 
Blue 


Secondary Colors: 
Green—combination of yellow and blue 
Orange—combination of yellow and red 
Purple—combination of red and blue 


Tertiary Colors: 
Citron—combination of orange and green; or 4 parts yellow, 2 
parts red, 2 parts blue 
Russet—combination of purple and orange; or 4 parts red, 2 parts 
blue, 2 parts yellow 
Olive—combination of green and purple; or 4 parts blue, 2 parts 
red, 2 parts yellow 
Intermediate Colors: 
Campanula—combination of purple and blue; or 6 parts blue, 2 
parts red 
Turquoise—combination of green and blue; or 6 parts blue, 2 
parts yellow 
Sulphur—combination of green and yellow; or 6 parts yellow, 
2 parts blue 
Saffron—combination of orange and yellow; or 6 parts yellow, 
2 parts red 
Nasturtium—combination of orange and red; or 6 parts red, 2 
parts yellow 
Garnet—combination of purple and red; or 6 parts red, 2 parts blue. 


The shade of citron is lemon shade. Campanula is a light 
purple shade. Sulphur is a pale green-yellow shade. Saffron is 
a deep orange shade. Nasturtium is an orange, crimson, or 
scarlet shade. Garnet is a deep red shade. Turquoise is a 
green-blue shade. 

Color Mixing. Aside from the artist, there is no person who 
needs to understand the proper mixing of colors more than 
the printer. This fact alone proves that printing is a fine art. 
The artist paints, draws, and designs, while the printer repro- 
duces the work of the artist or of nature itself. 


Mixing colors is an art in itself. With a combination of the 
chief colors—yellow, red, and blue, and including the neutrals, 
black and white—thousands of shades and hues can be produced 
by mixing them in various proportions, either in two colors or all 
three. We can duplicate every hue in nature and almost any 
tint desired. Tint and color mixing is both interesting and profit- 
able; but in order to obtain the best results, first-class material 
is important. 


ATMOSPHERIC CONDITIONS 


To the average person tepid humidity would simply mean in- 
convenience for the time being, the same as excessive high tem- 
perature. But from the industrial standpoint, high humidity 
in connection with the pressroom, being the source of many in- 
conveniences to the printer, cannot be overlooked so easily. 
Humidity has been and is one of the greatest bugaboos and one 
of the greatest hindrances, particularly for doing high-grade 
color printing. 

Few buyers of high-grade printing realize the difficulties the 
printer meets in the process of printing a particularly fine job. 
Seldom does a concern that is a specialist in its own line of manu- 
facture and which is having a 32- or 64-page high-class catalog 
printed in, say, three or four colors realize the difficulty the printer 
meets in turning out a good job. In the event of the delivered 
job not coming up to expectations, what excuse can the printer 
offer? While he may legitimately make excuses, the excuse he 
usually offers was that the job was entirely beyond his control. 

Troubles in a pressroom are largely due to excessive humidity, 
excessive dryness, and other radical changes in the temperature. 

About the year of 1891-1892 the first attempt was made in 
this country to use what is known as the three-color process. 
The photoengravers had their difficulty in reproducing a subject, 
and the printer in the pressroom also had his problem, such as 
registering and keeping register through the course of the ‘‘run.” 
By making register I mean to put in register one color plate on 
top of another color plate. That was not quite so difficult; but 
to maintain register throughout the run of, say, from 5000 to 
50,000 impressions on a good-sized sheet was almost beyond at- 
tainment. It seems that the larger the sheet the greater the 
effort of maintaining register, and in those years the only solu- 
tion we had was to print register color work on smaller size 
sheets, but since then some changes have been made so far as reg- 
ister is concerned. These changes were along the following lines: 

When humidity was above normal, during hot summer months, 
we found that it was necessary to cover up all printed sheets, top 
and bottom. We found it necessary to season the paper and take 
some other precautions against the paper being exposed to high 
humidity. We also learned that by keeping doors and windows 
closed it had the tendency of keeping at least some of the moisture 
out of the pressroom, although this was by no means pleasant for 
the worker. 

Today we are able to print sheets of greater size, make better 
time in production, and are able to attain better register; but to 
say that we have reached the stage where our register difficulties 
have been solved would be exaggerating. 

I suppose humidity is a source of trouble in many other in- 
dustries, but from my point of view as a printer I hardly believe 
it to be quite so troublesome as it is in the pressroom. 

Process color printing will never be entirely successful until the 
problem of maintaining register has been solved. Paper absorb- 
ing moisture from the air is the chief cause of trouble. In some 
cases the papermaker is at fault in producing paper not properly 
suited to meet the requirements of the printer and not affording 
it a thorough seasoning at the mills. Paper, particularly when 
intended for a color job, should be thoroughly seasoned. We 
have several methods for doing this. The best and simplest way 
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is to lay out the paper in small piles, and in dry racks when it is 
possible; but even though every precaution is taken to have 
paper well seasoned, it will be of no use if the pressroom tempera- 
ture is not closely watched and a temperature of about 80 deg. 
maintained. 

In the winter, the metal in the form, if allowed to get too cold, 
will contract, and then again expand when brought to normal, 
this being another cause for poor register. Moisture in the press- 
room is not so easily brought under control, though some shops 
are equipped with humidifying machines. These machines do 
very good work. Not only atmospheric conditions affect paper 
along the lines of shrinking, causing poor register, but also paper 
when taken out from cases and run before allowed to become ad- 
justed to atmospheric conditions in the room will cause poor 
register. Curling of edges is likely to occur when paper is ex- 
posed to artificial heat for drying. Electricity is formed in paper 
when it is brought to a cold room from an artificially heated room. 
Cracking of coating in folding is likely to occur if the paper is 
kept in dry, artificially heated rooms for any length of time. 
Stretching and shrinkage, causing poor register, is likely to occur 
with sudden changes of humidity from day to day or even so short 
a period as a day. 

Wavy edges will cause slur, wrinkles, and poor register. All 
these paper troubles can to a certain degree be partly controlled 
and eliminated, thus assuring better pressroom conditions. While 
these conditions will prevail most generally in winter months, they 
also will interfere with good pressroom and bindery conditions 
during extended periods of warm, dry summer days. It is during 
the summer months, with their damp and sultry days, when the 
weather changes from high to low or from low to high humidity, 
that most paper troubles are caused. 

Irregular atmospheric conditions and abnormal humidity not 
only confront us with the problems I have mentioned, but also 
have their effect upon good printing other than register. It will 
also cause offset, a not too pleasant condition which mars the 
looks of an otherwise well-done job. 


Cause or INK OFFSET 


Offset is caused because of too much moisture being taken into 
the paper, which does not allow the ink to absorb, naturally caus- 
ing the ink to remain wet for too great a time. The ink in the 
fountain varies in consistency, caused by atmospheric conditions, 
the varnish in the ink becoming hard when chilled or becoming 
soft on account of excess heat. 

Let us take, for instance, paper when containing excessive 
moisture and attempt to print with a double-tone ink. The ink 
will spread or crawl at the edges of print, and in fact throughout 
the subject. On the other hand, when the paper becomes too 
dry, the two-tone ink will have a tendency to show through the 
back of the paper, and besides the double-tone may not take effect 
at all. A double-tone ink when proper paper is used and printed 
under normal temperature will produce most beautiful and ar- 
tistic results. 

The rollers, which are made of a composition containing such 
ingredients as molasses, glycerin, and glue, are susceptible to 
atmospheric conditions. For this reason it is necessary to use 
the greatest care in setting these rollers properly, for when rol- 
lers absorb the moisture they increase in size, sometimes from a 
diameter of 3 in. to a diameter of 3'/;.in. Rollers, particularly 
the form rollers, are set on the form having contact of '/, in. 

These rollers are set practically stationary, and should these 
rollers expand because of atmospheric conditions from 3 in. to 
3'/16 in., the covering surface would greatly increase on the form. 
This large covering surface would not only give poor printing 
results, but these composition rollers because of the increased 
pressure and friction might melt, resulting in damage. 


Heat-Drying Equipment for Printing 
Presses 
By CHARLES HENRY COCHRANE,' NEW YORK, N. Y. 


r YO SECURE good quality printing at modern high speed it 
is essential that the pressroom be uniformly heated, a little 
above the comfort point; that the moisture content of the 

air shall be uniform and harmonious with the moisture content 

of the paper; that the composition ink rollers be suited to the 
heat and moisture conditions; and that the inks be suited to the 
paper, the heat, and the moisture conditions. 

Whenever these four conditions are out of harmony, printing 
cannot proceed smoothly. Only within a few years has the 
printer understood the important part that variation in the 
moisture content of the air in his pressroom played with his 
product. 

Previous to 1880 printing was done mostly on moist or wet 
paper. Speeds were slow, and the paper took the ink largely on 
a blotting principle. With the introduction of dry papers and 
higher speeds, static electric troubles developed and increased, 
and ever since have been a serious nuisance in the pressroom. 

Printing machines are prone to generate frictional electricity, 
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Fic. 1 Open-Firame Gas Heater For CYLinperR, Rotary, AND 
Orrset Presses, With Ark AND AUTOMATIC CONTROL 


and dry paper readily takes and holds a slight charge, causing 
it to adhere to parts of the press, and also inducing the sticking 
together of the sheets, with disastrous results when the sheets are 
covered with fresh ink. 

The remedies tried to stop electric troubles have been largely 
makeshifts. Instead of trying to secure normal conditions in 
the pressroom the effort has been mainly to do something to 
temporarily get over the trouble as it occurs. One of the earliest 
methods of dealing with static and the resultant offset has been 
to pass the freshly printed sheet through a flame or through a 
zone of heat. A high heat tends to release the static electric 
charge in the paper, and it has the added advantage of hastening 
the drying of the ink. 

The first recorded use of gas heat on printing presses was by one 
Hinchcliffe of England, about 1868. He sold his American patent 
to a large press manufacturer, but it was allowed to lapse without 
the heater being introduced. Not until the use of dry papers 
was established did the printing pressmen of America take to the 
use of gas heat. There was no manufacture of heaters until 
about 1900, but previously various printers had sent for plumbers 
to set perforated gaspipes on their presses, across the path of 
travel of the printed sheet as it emerged from the cylinder. 

About 1900 the regular making of gas heaters for printing 
presses started in Chicago, a little later in Indianapolis, and about 
1913 in New York city. They were first advocated as elimina- 
tors of static electricity; indeed one manufacturer advertised 
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them as “demagnetizers.’’ The generally accepted theory of 
their use was that when a sheet of statically charged paper con- 
tacted with a flame the charge passed down the flame and dissi- 
pated. Another view was that it was the heat and not the flame 
that dissipated the static charge. There is a line of “safety” 
gas heaters now on the market in some of which a steel shield 
is placed over the gas flame, converting it into a long and narrow 
stove, over the hot top of which the sheet of paper slides. Other 
gas heaters operate wholly on the reflecting principle, the flames 
being baffled against broad steel surfaces, set above the line 
of travel of the paper to transmit heat to the sheets below. 
(See Fig. 2.) The hot stove type of heater develops 700 to 800 
deg. fahr., and the reflector type 400 to 500 deg. at the level 
where the paper passes below. 

The early types of gas heaters for printing presses were mere 
perforated gaspipes placed close to the travel of the paper, 
usually below the sheets, and were the cause of many small 
fires. When the paper came into contact with the gas flames, as 
was common whenever the printing machine stopped, it was the 
duty of the paper feeder to make arush for the burning sheet, throw 
it on the floor, and stamp out the blaze. Though many thousands 
of these crude heaters (or “‘burners’’ as they usually were termed) 
were in use for years, and some up to this time, no disastrous fire 
has ever been reported. 

These burners or heaters were developed into automatic 
machines that would light up when the printing press was started 
and go out when the press stopped. Several types of these were 
made, mostly designed around the idea of automatic control of 
the gas. One of the earliest of these was a simple gas cock, 
having a cord running to the impression trip of the press so as to 
turn out the gas when the impression was tripped. It was re- 
lighted with the aid of a pilot light when the impression was 
repositioned. 

There are now four general types of automatic cutoffs for the 
gas: 1 An electromagnet connected with the press motor or 
controller and arranged so as to close the gas orifice when the 
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Fie. 2. Rertectinc Gas Heater For MountinG By or OVER A 
Press, THROWING Down THE HEAT 


current is shut off and to hold the gas orifice open while the press 
is operating. (See Fig. 1.) 2 A governor of the steam-engine 
type, whose raising and lowering balls are employed to open 
and close the gas valve. 3 A vibrating ball valve, having a 
steel ball resting on the gas aperture when the press is at rest and 
rolling off to permit the gas to flow through when the press 
starts, thus alternately using the forces of gravity and of vibra- 
tion. 4 Aservice cock on the gas supply, mechanically connected 
with some part of the press that has the proper motion for open- 
ing and closing the cock at the desired times. 

All these forms of automatic gas heaters are more or less 
useful in removing a static charge, but of course they are efficient 
only at the point of use, and there are many positions on printing 
presses where it is impracticable to use heat, as close to composi- 
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tion rollers, near where a human feeder stands, or in close con- 
tact with a cylinder tympan which might be shrunk by the heat. 
In such positions they cannot be substituted for an electric 
neutralizer. 

The best position for a heater on a flat-bed cylinder press is 
on the front of the carriage delivery. When a safety heater with 
protective shield is placed here it serves to heat both sides of the 
sheet, as the sheet is first slid over the heater, and after the 
sheet has been dropped, the heater passes over the sheet, the 
protecting shield serving as a reflector to throw heat downward. 
The resulting exposure of the sheet to the heat is six times as 
long as when the heat is placed on the press where the sheet 
leaves the cylinder and goes to the fly. (See Fig. 3.) 

On modern fast printing presses there is little time to trans- 
fer heat to a passing sheet. Ina flat-bed press, operating at 2400 
an hour, the sheet is delivered over or under the heater at a 
speed of about 10 ft. per sec. This has led to some demand for 


Fic. 3 Sarety Gas Heater ON THE CARRIAGE DELIVERY OF A 
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Fic. 4 Dirrerent Positions ON A PRINTING Press WHERE 
Heaters May Be Piacep 


heaters of wide area, and some have been built with reflectors 10 
in. wide, the under surface of the reflector being covered with a 
mass of light blue baffled flame. The sheet passing close to such 
a widespread flame has a longer time in which to take up the 
heat. 

A well-made gas heater should burn with a light blue flame 
and with a mixture of ten parts of air to one of gas. The air- 
mixers should be located below the level of the gaspipes when 
conditions permit, so as to reduce the escape of gas. 

Fumes are a serious nuisance and cannot be wholly avoided 
where gas heat is employed. The introduction of humidifying 
apparatus that will wash and purify the air of the pressroom is 
therefore a help to the using of gas heaters. 

Unfortunately there has been no general education of press- 
men in the use and care of gas heaters. The schools of presswork 
are operated without them. The low price of the heaters pro- 
hibits the manufacturers from sending men to instruct pressmen 
in their use, and there is much mishandling and abuse of heaters 
through ignorance of the users. 

Steam heating pipes have been tried as a substitute for gas 
heaters on printing presses, but the degree of heat obtained was 
insufficient. Electric heaters, however, are used on presses with 
some success. Ordinary space heaters do not give enough 
heat, and the difficulty has been to secure a sufficiently high 
heat without danger of burning out the heating units. A com- 
promise is effected by using electric heaters that deliver about 
two-thirds the heat available from a gas flame. Electric heaters 
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are employed both as reflectors and in close contact with the 
paper. The higher cost of electric current has served to limit 
their use. The question has been raised by some as to whether 
the effect of gas heat and of electric heat on paper is different as 
to effect. The notion is prevalent with some that gas heat is a 
“moist”’ heat whereas electric heat is dry. It can be definitely 
stated that gas heat is not moist and that the effect of any heat 
on paper is to dry it out and reduce the moisture content. This 
drying out is not always an advantage, for in the case of coated 
papers they become more brittle and are harder to fold, tending 
to crack. 

Humidification is the remedy for dried-out papers, or rather 
it prevents paper from drying out. Some have thought that 
with the introduction of humidifiers maintaining a higher rela- 
tive humidity heaters would no longer be required in the press- 
room. But it appears that humidized plants, as well as plants 
having neutralizing equipment on their printing machines, con- 
tinue to use heaters, mainly for hastening the drying of the ink, 
thus enabling the printed sheets to go sooner to the bindery, 
folder, cutter, etc. 


Fic.5 Pure-Arr HumipiFier 
(A, inlet for water; B, drain pipe. C, control; D, light connection.) 


Hastening the drying of ink on paper by the use of heat does 
not affect or change the colors, the ultimate color in each case 
being the same as if dried slowly. 
ink when printing with heaters, so that the work is glossier and 
more beautiful. Passing a freshly printed sheet of paper through 
a gas flame will not wholly dry or set the ink on the instant; 
it only hastens the drying. Where the color is heavy, it may 
readily be noted that the heat sets a film on top of the ink, this 
film being sufficiently strong to prevent the ink from smutting the 
sheet it contacts with by the weight of the pile of paper. 

The use of heat on printing presses has largely done away 
with slip-sheeting, the old method of protecting freshly printed 
sheets from smutting. Slip-sheeting is very costly, involving 
the placing by hand of a sheet of cheap paper between each 
freshly printed sheet and, of later removing such sheets. Slip- 
sheeting machines have been built experimentally, but are not 
on the market. A substitute for a slip-sheeter is a hot-drum 
delivery apparatus that will retain the freshly printed sheet 
for one minute in a zone of high heat and then deliver it fully 
dried. This machine is applicable only to the small automatic 
job printing presses and is as yet in the experimental stage of de- 
velopment. 

Since the application of heat on a printing press tends to shrink 


But it is possible to use more - 


the sheets, many have thought that the register of the several 
colors in multicolor printing would be interfered with, for if the 
sheet shrinks between any of the three or four printings, the 
successive impressions cannot strike in correct relation. There 
are ways of taking care of this. In four-color printing, on a two- 
color press, heat may be used without interfering with register 
by running first the two lighter colors with the heaters cold, 
but using the gas heater on the carriage delivery on the printing 
of the two heavier colors. The heat thus applied does not reach 
the sheet until all the colors are on, hence there can be no inter- 
ference with register. 

In two- or four-color work on flat-bed presses, one color at a 
time, heat may be used to maintain register by placing a reflecting 
heater on the feedboard, so that every sheet is preheated and 
thus shrunk uniformly before printing. Between printings the 
pile of sheets must be covered with a blanket to hold the heat, 
and the same degree of heat must be used in each passage through 
the press. 

The time has arrived when the papermakers, the inkmakers, 
the manufacturers of humidifying apparatus, heating equipment, 
neutralizers, and composition rollers, press builders, engravers 
and platemakers should cooperate to bring about a wider knowl- 
edge of all the conditions that enter into printing, so as to work 
with the printer for the good of the graphic arts. There is an 
increasing need for engineers who are familiar with all the con- 
ditions and able to advise the best arrangement and installations 
for large plants, because printing is becoming a manufacturing 
business, involving a great variety of processes, many of them 
highly technical. Also it is one of the larger industries and first 
in importance for the dissemination of knowledge and aiding in 
the higher development of the human race. 


Grammer Process for Prevention of 
Offset 


By HARRY C. COLE! anp JOSEPH 8S. PECKER,? 
PHILADELPHIA, PA. 


HE Grammer process was developed to eliminate one of 
the most vexing and costly troubles met with in color 
printing—namely, offset. 

Offset is caused by the contact of two freshly printed sheets 
of paper, the ink from one adhering to the other and smudg- 
ing and marring it. 

The Grammer method embodies an automatic machine, 
applicable to any type of cylinder, rotary, or perfecting printing 
press, by which paraffin wax heated to a liquid is sprayed on 
the printed sheet or printed web of paper after printing and 
before piling the separate sheets or re-rolling the web. 

This treatment should not be considered as a film laid over 
the surface of the sheet, but rather as innumerable minute wax 
beads or particles distributed over the entire surface, being 
chilled before coming in contact with the paper. Their action 
is entirely mechanical, they holding the printed sheets apart 
while the ink is drying. 

The amount of wax needed is extremely small; 1 oz. is sufficient 
to prevent all offset on 400 sq. yd. of four-color work, piled 
10,000 sheets to the truck or re-rolled after printing. The 
amount being so small it disappears entirely on the subsequent 
handling of the paper. To spray 1 oz. of wax on 400 sq. yd. 
of surface, however, presented such difficulties as to make it 
impossible to use any known form of atomizer. 

The usual and familiar method of atomization governs the 
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quantity of material sprayed by the size of the orifice through 
which the liquid passes, this usually being governed by a needle- 
valve adjustment. The minute quantity needed for the Gram- 
mer process required an opening of about 0.0005 in. diameter. 

It is apparent that this size of the opening was extremely 
difficult to produce and to maintain commercially, and also it 
was found impossible to adjust a set of nozzles so that they all 
would spray the same quantity. This, however, was imperative. 
If one considers that 10,000 sheets of paper are piled on a truck, 
it will be evident that any error in a nozzle spray is multiplied 
10,000 times, so that if a nozzle deposits 0.001 in. more wax 
at one end of the sheet than at the other there would be a differ- 
ence of 10 in. in the height of the pile. 

The Grammer process controls the quantity of material 
sprayed independent of the size of opening, and it automatically 
controls simultaneously the quantity of paraffin fed to all the 
nozzles. 

The equipment for this process is shown in Fig. 1 as mounted 
on a two-color press. At A is an aluminum distributing bar 
across the full width of the press, with nozzles spaced 1 in. 
apart. At B is shown the melting pot or reservoir and at C 
the drive mechanism. The latter is driven from the press in 
synchronization with the moving speed of the sheets or web of 
paper. 

Fig. 2 is a typical cross-section of the distributing bar and 
Fig. 3isa plan view. The bar has a container, pump, and drive 
mechanism at one end (not shown) and a wheel A and nozzle 
B for each inch of paper width. The various units of the de- 
vice, as shown in Figs. 2 and 3, are: 


Paraffin-supply wheel 
Nozzle 

Electrical heating unit 

Air supply 

Nozzle cut-out valve 

Air liner 

Protection plate 

Atomizing tube 

Shoulder for scraping paraffin off wheel 
Paraffin well 

Dam that fixes depth of well 
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GraMMER EqQuiPpMENT ON Two-CoLor Press 


Paraffin-supply tube 
M Paraffin return to container. 


Paraffin is pumped from the container through pipe N, to 
the distributing pipe L, to opening O, to well J, where it is picked 
up by wheel A and carried up to shoulder J, where it is scraped 
off opposite the hole in atomizing tube H. 

Air is conducted through pipe D to nozzles B and through 
drilled hole P to liner F, where it is guided across the end of 
atomizing tube H, which creates a siphon action, pulling through 
the paraffin scraped off at J and spraying it down on the paper. 
Surplus paraffin, pumped to well J, overflows dam K into passage 
M, and returns to the reservoir. 
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At Q is shown a gear for driving the wax-feed roll. The mecha- 
nism connecting with this gear, as stated, is driven from the 
press, and is so arranged with gears to permit changing the 
relative speed of the feed ro Is to increase or decrease the amount 
of wax sprayed. 

The tube H is 0.025 in. diameter. This is several hundred 
times the capacity needed, and the quantity sprayed is therefore 
governed by the width of the face and speed of the wax roll. 

As the width of the rolls ('/s in.) is the same for every nozzle 
across the full width of the press, the wax spray will be the same 
for the full width of the sheet, the one adjustment (the speed of 
the feed roll) affecting all the nozzles alike. 

In most atomization methods the spray tends to fan, but 
owing to these nozzles being placed 1 in. apart and to the minute 
quantity sprayed at any time, the spray can be made to blend 
into an even distribution by placing the bar a suitable distance 
from the paper. 


Fig. 4 shows different types of nozzles, fitted to the same bar, 


to change the direction of the spray. The bar, therefore, can 
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remain suspended in the atmosphere and will have the appearance 
of smoke rising from the press. There is a fairly wide operating 
margin between a lumpy deposit and a spray that will float. 

For the proper action of this equipment it is essential that the 
air used for spraying be absolutely clean and free of all moisture, 
oil, or foreign substance. For this use the best results were ob- 
tained with a low-pressure blower compressing the air to the re- 
quired pressure or only slightly higher. If the air is compressed 
to a higher pressure (10 lb. and upward) and then cut down 
with a reducing valve for proper use, condensation cannot be 
entirely eliminated and water reaching the nozzles will cause 
a lumpy deposit. 


Printinc Can Be Done Over THE Wax 


It will be interesting to note that in printing four-color work 
on a two-color press the paraffin is applied after the first two 
colors have been printed and again after the second two colors. 
No difficulty is experienced in printing the second two colors on 
top of the first application of paraffin. 
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be placed over or under a horizontal web to spray up or down, 
or where a web is vertical or inclined the bar may be placed 
adjacent to the web. 

Of course in web presses the spray is continuous and stops 
only with the stopping of the press, but for a sheet-feed press an 
adjustable cam is provided that may be quickly set to start and 
to stop the spray so as to conform to the length of the sheets and 
distance between them. 

A driving clutch is provided as a safety device in case the press 
is turned over when the wax is chilled in the spray mechanism. 
A similar safety device is provided on the pumping link that 
pumps the melted wax from the reservoir to the distributing 
bar. 

Each nozzle is provided with a valve E, Figs. 2 and 3, to allow 
shutting off of spray if not required. The nozzle nests on the 
air tube D, Fig. 3, and is held down in contact with the feed 
roll only by the spring R, Figs. 2 and 3, therefore making the 
removal of a nozzle a simple operation without the use of tools. 

The wax used for this process is pure white mineral paraffin 
of 133 to 135 deg. fahr. melting point. This wax is provided 
in cases and not in bags as the bag paraffin carries a large quan- 
tity of lint from the bags, which tends to clog the pump screen 
in a short time. 

The best results are obtainable with a bar temperature of 
approximately 180 deg. fahr. The bars and melting pot are 
heated from any available current, requiring about '/, to 1 
kw., depending on the size of the installation. 

Air used for atomizing should be of 2 or 3 lb. pressure. As 
is the case in all atomization the size of the particles is controlled 
by the air pressure—the higher the pressure the finer the par- 
ticles. If the air pressure is too low, proper atomization will 
not be obtained and the deposit will show lumps. If the air 
pressure is too high, the particles will be so fine that they will 


On perfecting presses, in printing any number of colors on 
both sides with the printed stock piled or re-rolled, it is necessary 
to spray one side only to effectively prevent all offset. However, 
on presses printing both sides and equipped with folding at- 
tachments, where in the folding two pages are brought together 
from either of the two sides of the web, it is necessary to spray 
both sides of the web to prevent all offset. This permits the 
jogging of the signatures as they are removed from the press. 

The Grammer process has been successfully used for over three 
years and in some instances has so affected commercial color 
printing as actually to influence changes in the design and con- 
struction of presses and equipment used. The changes effected 
are as follows: 


1 The construction of perfecting presses to print any 
number of colors on both sides, at an increased speed 
impossible to obtain with slip sheeting 

2 Elimination of slip-sheet feeding devices 

3 The arrangement of deliveries on presses to permit the 

spraying of the sheet between the last printing and the 

delivery. 
SUMMARY 


The Grammer process for the prevention of offset is the method 
of atomizing wax in a molten state and distributing the in- 
numerably minute and chilled wax particles over the surface 
of the paper, causing these hardened particles to act as a me- 
chanical separation between the sheets while the ink is drying. 

The device embodies new principles of quantity control in 
atomization, and automatic and synchronous adjustment of 
any number of nozzles to spray in like quantities. 

The process effects many savings in cost of commercial color 
printing, increases production, and eliminates waste in material 
and handling. 
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PRINTING INDUSTRIES 


Air Conditioning in the Printing 
and Lithographing Industry 


By WILLIS H. CARRIER,' NEWARK, N. J., ~ ag ROBERT T. 
WILLIAMS,? NEW YORK, N. 


IKE other key industries, the great printing and litho- 
graphing industry shows a distinct trend toward concen- 
tration. With this trend, and the consequent need for 

more careful technical control and greater standardization of prod- 
uct and process, has come an increased realization of the need for 
air conditioning in the printing and lithographing industry. 

For 20 years or more air conditioning has played an important 
part in the textile industry, in the treatment and manufacture 
of tobacco products, in the production of high-grade confections, 
and in a long list of other industries dealing with materials that 
are affected adversely by seasonal and daily weather variations. 
The equipment therefore necessary automatically to create and 
control atmospheric conditions suitable to a given product or 
operation has undergone long development and has entirely 
passed the experimental stage. 

Even in the printing and lithographic industry, there are a 
number of important and progressive plants in the country 
that have had complete air-conditioning equipment for about 
15 years. (See Fig. 1.) The wider use of air-conditioning 
equipment in the production of printed matter is therefore one of 


Fic. 1 Pressroom Wits Distrisution Ducts anp DiFFUsERS 
adaptation of reliable and standard equipment to the particular 
needs of this industry. 

The problem of air conditioning in printing and lithography 
resolves itself into reproducing in those parts of the plant where 
conditions of humidity, temperature, cleanliness, and air circu- 
lation affect materials or processes, the natural atmospheric con- 
ditions that the trade has found by long experience give the 
best results. This involves the control of regain by such hy- 
groscopic materials as paper and printers’ rollers; the main- 
tenance of a humidity sufficiently high to tend to prevent the 
generation of static electricity and sufficiently low to prevent 
“waterlogged” rollers and paper; the maintenance of tempera- 
tures at which ink has the required viscosity and flow and rollers 
the right amount of ‘“‘tack;’’ the elimination in so far as is com- 
mercially practicable of floating dust; and the maintenance of 
comfortable working conditions. 


! President, Carrier Engineering Corp. Mem. A.S.M.E. 
? Mechanical Engineer, Carrier Engineering Corp. 
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MoisturRE IN PapeR RELATED TO STRETCH AND SHRINKAGE 


In so far as concerns the regain of moisture by paper, which is 
the most serious and obvious problem confronting the printer, 
this control is secured by maintaining throughout all parts of 
the plant where paper is used or stored a fixed relative humidity. 
Temperature has practically no effect upon paper, but its mois- 
ture content is a function of the relative humidity of the sur- 
rounding air, the amount varying for different grades of paper. 
(See Table 1.) 


TABLE 1 EQUILIBRIUM MOISTURE CONTENT OF PAPERS 
UNDER VARIOUS CONDITIONS OF RELATIVE HUMIDITY 


(From Bulletin No. 1, Lithographic Technical Foundation) 
Number 


Kind of paper: sheets 35% 


Offset, % ~~ a 5.08 6.08 7.09 
Sized and ‘super- calendered, % : 6 3.55 4.43 5.30 6.17 
Machine finished, %.. aha 3.48 4.50 5.52 6.53 
Casein-coated one side, RR 10 3.50 4.45 5.37 6.27 
Casein-coated two sides, %.... 4.67 5.61 6.57 7.55 
All kinds, %....... reas sa 0 3.81 4.78 5.75 6.71 
(From Tests Made oe C. D. Sudermeister, Cumberland Mills) 

Humidity- 

10% 20% 30% 40% 50% 60% 70% 80% 90% 
Max moisture, %.. 4.53 5.95 7.03 7.90 8.70 9.45 10.20 11.30 12.90 
Min. moisture, %.. 2.00 3.10 4.02 4.70 5.28 5.88 6.52 7.27 8.27 
Avg. moisture, %.. 2.87 4.12 5.07 5.87 6.58 7.31 8.09 9.05 10.38 


This variation in the regain of paper with varying relative 
humidities exercises an important influence on printing and litho- 
graphic processes. The moisture content of paper affects its 
size. The amount of stretch or shrinkage varies with different 
stocks, but may be said to be from 0.311 to 0.55 per cent across 
the grain and from 0.056 to 0.25 per cent with the grain under a 
change in relative humidity of 35 to 65 per cent. When it is 
considered that the allowable variation in register in process 
presswork is rather under 0.02 in., or 0.045 per cent of a 44 by 
64-in. sheet, it will be seen that certainly a variation of more 
than 5 per cent in the relative humidity of a pressroom will de- 
stroy register. 

The center of a large pile of paper is under heavy pressure and 
is very nearly impenetrable. Even fire will not get to it. Moist 
air attacks the edges first, and the fibers swell. Not being able 
to stretch uniformly the stock stretches at the edges, which gives 
the sheet a curl or wave and makes it difficult or impossible to 
feed accurately. This also occurs when moist stock is piled in 
a dry atmosphere. The edges of paper will not curl or wave if 
the air is allowed to circulate uniformly over the whole surface of 
the individual sheets. 

The moisture content of paper also seriously affects both its 
strength and printing quality, and these qualities are again 
in ratio to the relative humidity of the surrounding air. 

Paper is ordinarily received from the mill with a moisture con- 
tent of from 3 to 4 per cent, but inasmuch as this may be the 
equilibrium percentage corresponding to anywhere from 20 to 40 
per cent relative humidity, depending upon the kind or make of 
paper, it is impossible to try to keep the atmosphere of the plant 
in equilibrium with the incoming stock. From every practical 
standpoint in operation and economy it is desirable to maintain 
a fixed relative humidity in the plant and to condition the paper 
up to this point prior to running it on the presses. 


PrintING Humipity AND TEMPERATURE 


Passing from paper to the other hydroscopic substances used 
by the printer there are the rollers and also the glues and pastes 
used in the bindery. Rollers, being made of glue and glycerin, 
are particularly sensitive to both moisture and temperature. 
Under fluctuating conditions they swell, shrink, and crack, the 
free glycerin oozes out, and they become distorted in shape. 
However, as rollers may be manufactured to function at any given 
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Fig. 2 AtR-CONDITIONING UNIT 
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condition of temperature and humidity, provided it is fixed, 
their problem again resolves itself into maintaining constant 
conditions. 


INK ConDITIONS AND Static ELEctRIcITY 


Printing ink, though not affected directly by humidity, never- 
theless is indirectly acted upon by the moisture in the paper. 
It is really this action of the moisture in paper upon the ink that 
is meant when we refer to the printing quality of paper. On 
the other hand, ink is directly affected by temperature, most 
inks being ground in No. 1 varnish, which is designed to have the 
proper flow and viscosity at 70 deg. fahr. It is probable also 
that temperature and humidity have an effect upon the drying of 
inks, which mostly takes place by oxidation. 

Much trouble is experienced in pressrooms in winter by the 
static electricity generated in paper by its passage through 
the press. This condition makes sheets difficult to handle and 
cut, and often results in offsetting; that is, the smudging of the 
back of one sheet by the printed side of the next. This trouble 
may be corrected largely by maintaining a high relative humid- 
ity, 55 per cent probably being adequate. However, it must 
be pointed out that to eliminate static not only must high rela- 
tive humidity be carried but a circulation of moist air must be 
maintained, for otherwise a dead layer will form around the press. 

It should probably be said here that even with air-conditioning 
equipment capable of maintaining a condition of relative hu- 
midity high enough to eliminate the production of static, the 
printer may still find use for his various static-eliminator de- 
vices. He may find that it is better and more economical to 
maintain a relative humidity during the wintertime of from 35 to 
40 per cent and to depend upon one or the other of the standard 
and proven devices for the elimination of the little static that 
may develop under these conditions. 


CoNDITIONED CoNDITIONS OF PRIME IMPORTANCE 


Summing up the foregoing requirements as to temperature 
and humidity; taking into consideration the fact that in most 
cases in the industry the fluctuation is of more importance than 
the particular fixed point at which conditions are held; con- 
sidering also the fact that any fixed point must represent some- 
thing of a compromise between several different requirements, and 
taking into account practical considerations as to the cost of 
air conditioning, it may be said that a complete air-conditioning 
system for the printing and lithographing industry should main- 
tain a fixed relative humidity at some point between 50 and 65 
per cent during the summer and between 40 and 50 per cent 
during the winter and a temperature of from 70 to 80 deg. fahr. 

A typical installation of equipment for these purposes would 
consist of a fan, a conditioning chamber or unit with its 
accessories, heaters, distributing ducts, control instruments and 
valves, automatic dampers, and source of cold water. 

A central station air-conditioning unit is shown in Fig. 2, with 
the automatic air dampers, the spray chamber, the fan, and an 
indication of the duct-system connection. The unit air con- 
ditioner (Fig. 3) is a self-contained equipment in which all of 
the functions of air conditioning are performed. One or more 
such units are readily adaptable to direct location in plants and 
individual departments. The choice in the use of units or a 
central station and duct system is usually one of initial cost, 
the latter being more economical when very large capacities are 
required. 

The fan, conditioning machine, air intake and the start of the 
distributing duct are shown in the illustration. The fan is run 
at constant speed, while automatic control of air volume is se 
cured by automatic operation of the dampers. 

Drawn in by the fan, the air enters the conditioning machine, 
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passing first through the diffuser plates, which break up holes 
or eddies. It then enters the spray chamber, which is provided 
with one or more banks of spray nozzles set in a vertical plane 
perpendicular to the direction of the air flow. The spray noz- 
zles are so arranged and constructed that they create a uni- 
formly dense bank of finely divided mist against which the air 
impinges and with which the air is intimately mixed. 

This spray chamber is the heart of the whole air-conditioning 
system. In it the operation of cleansing the air is accomplished, 
and the humidifying or dehumidifying are performed according to 
the automatically controlled temperature of the spray water. 


Dew Point anp Humipiry ContTrROL 


“Dew point”? means the saturation temperature of any given 
body of air. When cooled to its dew point, air has a relative 
humidity of 100 per cent and the amount of moisture it contains 
is definitely fixed at a value corresponding to that dew-point 
temperature. 

For example, assume that it is desired to maintain a relative 
humidity of 50 per cent at a temperature of 70 deg. Air, if 
fully saturated at 70 deg., contains 8 grams of water vapor per 
cubic foot. Hence, to establish a relative humidity (which 
means “percentage of saturation’’) of 50 per cent, the air at 70 
deg. fahr. must contain 50 per cent of 8, or 4 grains of moisture 
per cubic foot. Air contains 4 grains of vapor per cubic foot 
when saturated at 50 deg. (approximately), and therefore a 
saturation temperature, or dew-point, of 50 deg. must be main- 
tained in the conditioning machine, so that the air in its passage 
through the machine will be saturated at this temperature and 
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(This unit cools the water supplied to the spray chamber.) 


will therefore leave the machine containing the required moisture 
content of 4 grains per cubic foot. 

Assume that the air entering the conditioning machine con- 
tains less than the required moisture content, as in winter, and 
that it therefore must be humidified. Since the spray water 
itself acts in this case both as the conveyor of heat to the air (to 
raise it to the required 50 deg.) and as the source of moisture 
(to increase its water-vapor content to the required 4 grains per 
cubic foot), the most effective and direct control obviously is 
to regulate the temperature of the spray water itself, and it is 
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equally obvious that although the spray water is the medium that 
directly effects the control it is the temperature of the leaving air 
itself that must be controlled. Therefore the thermostat is placed 
in the path of the saturated air leaving the conditioning machine 
and is directly actuated by the temperature of the leaving air. 

When the temperature (and hence the humidity) of the leaving 
air falls too low, the thermostat operates to open a valve admit- 
ting steam to the spray-water heater. 


DEHUMIDIFICATION AND REFRIGERATION 


When the air entering the conditioning machine contains more 
moisture than is desired, as in summer, it must be dehumidified. 
Since in this case the spray water acts as the conveyor of heat 
from the air, thereby condensing the excess moisture in the air, 
the most effective and direct control for dehumidification also is 
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Type 
(For operation in connection with air-conditioning system.) 


to regulate the temperature of the spray water itself; and again, 
since it is the temperature of the leaving air that must be con- 
trolled, the thermostat should be placed in the path of the 
leaving air so that it is directly actuated by the temperature of 
such air. 

Thus, whether the requirements be humidification or dehu- 
midification, the same thermostat located in the same position 
affords the most effective method of automatic control. And 
for this reason a conditioning machine, as has been pointed out, 
will act either as a humidifier or a dehumidifier without change 
or readjustment of the dew-point control equipment. 

In order to control the temperature of the leaving air, the 
dew-point thermostat exposed to it is connected either (1) to 
operate a three-way diaphragm valve installed in the pump- 
suction line so that it automatically maintains the required 
temperature of the spray water by the admixture of relatively 
warm water from the settling tank and cold water from deep 
wells, rivers, lakes, or similar available sources, or (2) to control 
the refrigerating effect of a refrigeration machine, which may 
be either of the compression type, using carbon dioxide (CO,) 
or ammonia (NHs), or of the centrifugal type, using a normally 
liquid refrigerant, the latter presenting advantages in economy 
of space, simplicity, and safety of operation when utilized in 
conjunction with air-conditioning equipment. Types of refrig- 
erating machines are shown in Figs. 4 and 5. 


WinTER HEATING AND ConTROL 
In winter the conditioned air passes over heaters located at the 
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outlet of the spray chamber or in the distributing ducts, where 
it is heated sufficiently to maintain the temperature required 
in the room or the enclosure to which it is to be delivered. Placed 
in the room or enclosure itself is a second thermostat and a hy- 
grostat, or humidity-control instrument, which are connected to a 
diaphragm valve installed in the steam-supply line to the heaters 
and to automatic dampers in the air-ducts, through the operation 
of which the temperature and the humidity of the air in the 
room are regulated in accordance with the given requirement. 

Thus conditioned—that is, brought to the required points of 
humidity and temperature—it is only necessary to distribute the 
air throughout the plant in proper amounts to each department. 
This is done through sheet-metal ducts, of which a feature of 
particular importance to the printing and lithographing industry 
is the outlets that insure effective distribution of the air without 
creating disturbing drafts. 


Fig. 6 Unit Arr-ConDITIONER IN SMALL, Private PLANT 


Such an installation, including a refrigerating machine, is 
necessary where it is required to maintain such relatively low 
conditions as 70 deg. fahr. and 50 per cent relative humidity, 
or even 75 deg. and 55 per cent relative humidity. And un- 
questionably such conditions may be regarded as ideal in the 
printing and lithographing plant. 


Atr ConDITIONING WITHOUT REFRIGERATION 


The question of the justification of an investment in refriger- 
ation to operate in conjunction with the air-conditioning system 
in a printing plant during the summer is one that must be con- 
sidered individually with each plant. It is of course very de- 
sirable that a plant be enabled to maintain temperatures ranging 
between 70 and 80 deg. and conditions of relative humidity not 
exceeding 60 per cent throughout the summer season. Such 
conditions contribute very largely to the manufacturing effi- 
ciency of the plant and to the health, comfort, and individual 
efficiency of the employees. 

A number of lithographers have systems capable of cooling 
and dehumidifying during the summer, and these companies 
have found the improvement in working conditions, and the 
added assurance of control a justifiable investment. A unit air 
conditioner in a small, private plant is shown in Fig. 6. 

It has been emphasized, however, that the first consideration 
in the use of air conditioning in the printing operation is to 
maintain a constant condition of relative humidity, the proper 


circulation of clean air, and a reasonable control of temperature. 
It is possible to accomplish these effects by an air-conditioning 
system without the use of refrigeration. 

During the winter, of course, no refrigeration is used with 
either system, and the results produced are the same. In the 
summer an air-conditioning system without the use of refriger- 
ation, whether it is of the central-station type or the unit type, 
absorbs through the process of evaporative cooling the heat 
that is generated in a plant by machinery, gas burners, people, 
and from other sources. 

Air entering the plant is drawn directly into the humidifier. 
Passing through the spray there, it emerges completely saturated 
at the wet-bulb temperature of the outside entering air. Let us. 
say for example that the outside dry-bulb temperature is 95 deg. 
and the wet-bulb 75 deg., corresponding to a relative humidity 
of 40 per cent, and that it is desired to maintain a relative hu- 
midity of 60 per cent in the plant. The air then would leave the 
humidifier saturated at 75 deg. and would be distributed through- 
out the plant by ducts. The quantity of such air would be 
regulated automatically, so that in absorbing the heat generated 
in the plant its temperature would be raised sufficiently to re- 
duce its relative humidity to 60 per cent (in this case 15 deg.). 
Furthermore, the temperature in the room would then be 75 deg. 
plus 15 deg., or 90 deg.; that is, 5 deg. cooler than the outside 
air. 

In all cases throughout the year when the wet-bulb depression 
is appreciable, it is possible to get this evaporative cooling to- 
gether with the maintenance of a desirable relative humidity. 

It is probable that in the not distant future, as more and 
more printers come to be housed in ‘‘graphic arts’’ buildings par- 
ticularly designed for the industry, these printers’ buildings will 
supply cold water from a central refrigerating system to their 
tenants just as steam now is supplied, making available to 
moderate-sized plants at practically nominal cost all the ad- 
vantages of complete air conditioning. 


Static Electricity 


By WILLIAM C. GLASS,' NEW YORK, N. Y. 


actually understood about static electricity, and espe- 

cially as encountered in the printing plant, as has been 
described in current trade publications.2, This statement is 
affirmed and substantiated by upward of twenty years of ex- 
perience in dealing with static problems in various industrial 
processes. Therefore the assertion is confidently made that 
the Chapman process is the only known means of entirely elim- 
inating static electricity. 

Nature has established certain laws. When the scientist dis- 
covers these laws and abides by them, he can forecast results 
with a degree of certainty commensurate with his ability to 
enforce or abide by the laws governing the particular problem 
he is seeking to master. True, there may be variation of opinion 
in the interpretation of natural laws as of man-made laws, but 
the natural law is susceptible of proof, although the character 
of the procf may be beyond the comprehension of those not 
versed in the particular art or science in which it lies. 

Specifically, nature has established that static electricity is a 
manifestation of electrical phenomena produced by the intimate 
contact of two dissimilar substances. It appears in the form of 
charges which are static, or stationary, and these charges may be 
of a positive or negative polarity and of various degrees of in- 
tensity. Nature has established that such static charges can be 


1 Mem. A.S.M.E. and Past Chairman Printing Industries Division. 
2 The American Printer, April, June, September, 1928. 
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rendered ineffective absolutely under all conditions only by 
bringing them into contact with equal and opposite charges. It 
has been established that unlike charges attract while like charges 
repel each other. Having learned these laws, then the problem 
is to apply them in an efficient manner, and this is where the 
name Chapman becomes identified so intimately with this field 
of research, his investigation having covered a long period of 
years. 

Whether the means used is a bare wire, an insulated distribut- 
ing bar, a cable, a vacuum tube, or any variation of these de- 
vices, if it utilizes the natural law it is the Chapman electric 
neutralizer. The Chapman principle consists in maintaining an 
alternating, or positive and negative, field of from 10,000 to 
15,000 volts through which the electrified material is made to 
pass. In the passing, any charge in the material, whether posi- 
tive or negative, is instantly neutralized by the natural affinity 
that such a charge has for an equal amount of the opposite kind. 

Having learned the natural law and having discovered the 
broad principle for applying the law, the problem then became 
one to find a safe, simple and practical way to maintain this alter- 
nating field of high voltage and apply it in a practicable manner. 
The principle, practically applied, involves the single-wire sys- 
tem, which at once introduces problems in induction. To the 
lay mind induction means little; but induction, in reality, intro- 
duces a real stumbling block to the investigator. It is not 
easy to insulate 10,000 to 15,000 volts in a single-wire-ground 
system. Not only must it be insulated, but it must be applied 
in such a manner as to eliminate every industrial hazard. 


First Bare Wire CHANGED TO INSULATED CABLE 


Originally the bare-wire system was used. This is an efficient 
application of the principle, but there are serious objections in 
the liability of shocks to any one working around it. It is gener- 
ally agreed that a voltage of 12,000 could not of itself have serious 
consequences with the very limited output of '/:o amp. The 
principal danger arises from the possibility of the shock causing 
an involuntary recoiling that may result in a fall or in contact 
with some moving part of the machine about which the workman 
is engaged. 

This criticism was met by using an insulated cable instead of 
the bare wire, condensing small quantities by induction at the 
surface of the cable and distributing these quantities through 
points to the material to be treated. It must be understood that 
it is the quantity and not the voltage that is felt in a shock, but 
it is voltage principally that determines the ionization of the 
air on which all neutralizing action depends. 

At this point it should be made clear that a voltage of approxi- 
mately 12,000 is sufficient to neutralize any static charge that 
could possibly be generated in any material, and as the dangers 
and difficulties in preserving insulation increase directly in pro- 
portion to the square of the voltage, it is highly desirable to 
keep the voltage at its lowest effective maximum. 

It has sometimes been suggested that the danger from shock 
in neutralizing apparatus could be reduced by using a high- 
frequency current. High frequency with high voltage may in 
some modes of application be dangerous to the health of the 
person in contact with it, causing disease of the body tissues. 
Aside from this consideration, high frequency is not so efficient as 
frequencies of 50 to 100. This has been the subject of many 
experiments with high frequency, using Tesla coils and similar 
apparatus, and it was abandoned because it was found inferior 
to low-frequency current for neutralizing purposes. The fact is 
that the high frequency introduces the possibility of creating 
induction charges on metals or persons in the vicinity which 
really increases the chances of fire or shock and makes this appli- 
cation far more dangerous. 
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Static electricity acts as a powerful brake in many and various 
classes of industrial machines. Its manifestations are as varied 
as the classes of machines on which it appears. In some it 
reduces the efficiency of the machines, in others it interferes 
seriously with the quality of the product, and in others it causes 
flash fires and explosions. 

Chapman electric neutralizer equipments are in use on printing 
presses and printing machinery of all sizes, makes, and descrip- 
tion, in paper mills, rubber mills, artificial-leather plants, oilcloth 
plants, textile mills for cotton, wool, and silk, sandpaper-making 
machines, naphtha-cleansing machines, laundry machines, and on 
numerous isolated cases of special-purpose machines. 

Flash fires and explosions caused by static discharges are a 
serious handicap in some classes of industrial machines. In the 
printing industry flash fires are not a source of serious trouble 
except in rotogravure printing. In rotogravure presses, how- 
ever, the fumes from the ink are highly inflammable. The 
copper printing cylinder and the rubber-covered impression roll, 
with the paper running between them, make a very efficient static 
generator. The static thus generated builds up until no more 
can be held, as in the case of a Leyden jar, when it discharges in 
the form of sparks to the nearest ground. Since the copper 
cylinder rotates in the ink, such discharges necessarily take 
place over the ink fountain, where the inflammable fumes are 
always present. The result is fire. By installing inductor 
bars at the impression, the static is eliminated as it is generated 
and this danger from flash fires is removed. 

It has already been stated that static electricity is a mani- 
festation of electrical phenomena produced by the intimate 
contact of two dissimilar substances. It was further stated that 
static charges can be rendered ineffective absolutely under all 
conditions only by bringing them into contact with equal and 
opposite charges. That static exists and that it is a serious in- 
dustrial handicap is many times denied, either through igno- 
rance of its manifestations or a false impression that it cannot 
be the cause of such troubles as exist. 


Trovus_Les THat ARE REALLY CAUSED BY STATIC 


It is true that static is many times cited as an alibi for me- 
chanical troubles, but in the great majority of cases the elimi- 
nation of such static disturbances as do exist reacts to simplify the 
usual mechanical problems. This is especially noticeable in 
certain types of automatic paper feeders. 

The truth of this claim has been demonstrated under many and 
various conditions. For example, static acts to prevent quick 
and accurate registering of the sheet at the guides, with poor 
register as the only possible result in the case of multicolor work, 
especially when produced on single-color presses. Many times a 
job will be running perfectly when the press is shut down for 
the night, but it simply will not run at all the next morning 
until the feeder has been adjusted. An analysis will show that 
the mechanical conditions have not changed overnight, but that 
undoubtedly the temperature and atmosphere have changed, re- 
sulting in the greater susceptibility of the paper to the generation 
of static. A neutralizer bar at the drop rolls near the ridge on 
the conveyor of the feeder will very quickly demonstrate that 
static and not the feeder mechanism is to blame for the trouble. 

It is true that changes in temperature and atmospheric con- 
ditions are two of the primary breeders of static disturbances, but 
it is not true that static electricity cannot accumulate when 
paper is humidified to a certain predetermined degree or when 
worked in a certain predetermined temperature. It may well 
be true that a uniform relative humidity of 60 per cent is im- 
portant to secure the proper register, but that does not by any 
means solve the static problem. It may well be true that a 
heater on a press may assist in skin-drying the ink to help prevent 
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offset, but neither does this expedient solve the static problem. 
The matter of temperature and humidity control will be dis- 
cussed at some length in connection with the use of the neu- 
tralizer in textile plants where both are vitally important. 

Practical experience bears out the truth of laboratory experi- 
ment and research concerning the problem of offset. With good 
make-ready, suitable ink for the particular paper, and the elimi- 
nation of static electricity, the major part of the problem of 
offset is solved. This is more especially true in the case of presses 
equipped with extension pile deliveries. Nevertheless, it is 
readily conceded that the combination of the neutralizer with a 
heater or the Grammer paraffin process is very desirable in the 
rapid and efficient production of high-grade single-color and 
multicolor printed work. 

Broadly, the only claim for the Chapman electric neutralizer is 
the elimination of static electricity, and just as broadly it is 
claimed that every printing plant is affected with static troubles, 
regardless of the nature of the equipment, modernity of its build- 
ing, or the precautions that have been taken to insure uniformity 
of temperature and atmospheric conditions. 

Briefly summarized, the neutralizer in the printing plant pre- 
vents much of the offset troubles; makes slip-sheeting unneces- 
sary in most cases; prevents sheets from adhering to the fly; 
enables the running of any kind or weight of paper; insures regis- 
ter, because the sheet is always under better control; makes 
satisfactory press operation possible in any temperature; in- 
sures good delivery and evenly jogged piles. 


THe WorK OF THE NEUTRALIZER IN THE Paper MILL 


Lack of understanding of static and its generation is un- 
doubtedly responsible for the feeling which sometimes exists 
that this is a paper-mill problem and that the removal of the 
static at the mill will solve the problem for all subsequent oper- 
ations. This of course is far from the truth and not at all in 
keeping with either theory or practice. Numerous paper mills 
are equipped with the neutralizer, and there are many printing 
presses so equipped in plants receiving their paper from mills 
having this equipment. In paper mills the neutralizer prevents 
dust from sticking to the paper as it is rolled up, does away with 
steam jets and vapor pots, prevents sparks marking the surface 
of fine paper, and makes sheets deliver perfectly into smooth 
and even piles from sheet calenders and cutters at any speed. 

Static electricity is more of a handicap in the handling of 
sheet paper on sheet-feed presses, but the rotary web press is 
by no means exempt. In this class of presses, including news- 
paper, magazine, intaglio, fan-fold, salesbook, and special-purpose 
presses, the principal trouble develops in the delivery mechan- 
isms, whether of the flat-sheet, magazine-signature, or folder 
type. However, in some types of newspaper presses, in which 
there are especially long leads between impressions, static will 
cause web breaks. The free ends of the web if charged with 
static will many times clog the impression, causing batters in 
the plates. This means delay in getting new plates made, and 
the net result is to have the edition late on the street. This 
serious difficulty has been eliminated on many occasions by the 
use of the neutralizer. 

Paper-bag and envelope machines offer another wide field for 
the neutralizer. As a matter of fact, it was because of the static 
troubles in a paper-bag plant, where a friend was manager, that 
the need for a neutralizer was first brought to Chapman’s atten- 
tion. 

The use of paper napkins of various designs of folds offers 
another field in which the neutralizer has materially increased 
production, eliminated waste, and reduced manufacturing costs. 

In recent years the printed dress pattern on tissue paper has 
come into vogue, and the handling of this paper in such large 


sizes would be practically inpossible were it not for the use of 
the electric neutralizer on the press. 

Bronzing machines, folding machines, ruling machines, wax- 
paper coating machines, mailing-wrapper presses, sheeters, lay- 
boys, slitters, rewinders, calenders, and carbon-paper machines 
are among the many more or less special types of paper-handling 
machines equipped with the neutralizer. 

One very interesting installation was in a plant manufacturing 
lace-paper novelties. The static caused the punchings to adhere 
to the web even against the suction of fans through air ducts 
that surrounded the paper at the punching dies. Here again 
the neutralizer eliminated the trouble, resulting in better quality, 
increased production, elimination of waste, and reduction in 
help required for inspection purposes. 

Another of the unusual installations occurred in connection 
with the printing of theater tickets. These tickets were de- 
livered singly as they were cut off from the web and were sup- 
posed to rest printed side up in the delivery mechanism. Very 
often the tickets would turn over, and as they are numbered 
consecutively this meant careful attention to insure that they 
were all right side up in the proper numerical order. It was 
first confidently felt that the real trouble was mechanical, but 
the installation of the neutralizer at the delivery eliminated the 
difficulty, so that it was possible to do away with a staff of 
inspectors. 


Static TROUBLES IN TEXTILE AND OTHER MILLS 


Although the main purpose of this paper is to outline the 
solution of the problem of eliminating static electricity as en- 
countered in the paper converting plant, the subject would not be 
properly covered without some reference to similar problems asthey 
exist, and to an even greater extent, in textile and kindred lines. 

Electricity in its static condition as a positive or negative 
charge in wool, silk, cotton, paper, and other materials was a 
most perplexing problem during the last century, and particu- 
larly for textile workers. It bewitched their materials into most 
freaky conditions, foiling all attempts to control it. 

In textile mills static electricity is a considerable hindrance in 
various processes, chiefly because of the repulsive action it 
creates between the fibers. On the cards, for example, fibers 
are pushed away from each other the instant they leave the doffer 
roll, and their extremities assume radial positions extremely un- 
favorable to subsequent processes. 

Originally, steam jets and other crude types of humidifying 
systems were used extensively in textile mills to relieve this 
condition. At the present time of course there are scientific 
humidifying systems with automatic controls quite different from 
the old days except as to purpose. One disastrous result of 
humidity in a card room is rapid deterioration of the card cloth- 
ing, and this is a source of considerable expense. With static 
electricity eliminated, neither temperature nor humidity arti- 
fically produced has any advantage in the actual operation of 
the cards, so that room temperature should be governed only by 
consideration of the health and comfort of the operatives. The 
Chapman electric neutralizer generates ozone in a mild and 
pleasant degree while in action. This purifies the air, and aided 
by a comfortable temperature and normal humidity, it has a 
beneficial effect on the health and efficiency of the operatives. 
Neither is it an exaggeration to say that the lower temperature 
also effects a very considerable saving in coal consumption. 

In the carding process, especially in woolen mills, the neu- 
tralizer proves of great advantage. In this process the soft 
wool slivers are prepared for spinning into thread. On the 
ordinary woolen card 40 or more of these soft slivers come out 
from between leather-faced rub rollers, which by their pressure 
and friction create strong charges of static electricity in every 
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fiber of the sliver. This charge is even so strong as to cause the 
slivers to stick to the rollers and to wind up around them. The 
fibers repel each other and stand out in all directions. Since 
spinning is the next process, it is highly important to kill this 
charge at its origin to prevent rough and unspun spots in the 
finished yarn. 

The absolute dependence of cotton carding on suitable con- 
ditions of the room as to temperature and humidity is owing al- 
most entirely to troubles encountered with static electricity. 
The static charges first appear when the fibers are stripped off 
the doffer roll by the doffer comb. Cotton fibers are very sus- 
ceptible to the generating of static charges, although not so 
much so as wool, resulting in a tendency to separate by repulsion, 
causing what the textile worker knows as “fly.” It often dis- 
rupts the web to such an extent that broken slivers occur with 
great frequency, piling up waste that materially lessens production. 

Although cotton and wool are very susceptible to the acquiring 
of static charges, silk is perhaps even more susceptible. Silk- 
warping machines and silk-carding machines have ceased, how- 
ever, to be a source of particular trouble because there are no 
static charges so strong or so persistent as to withstand instan- 
taneous and complete neutralizing by the Chapman process. 

Among other classes of textile machinery equipped with the 
electric neutralizer are drawing frames, cotton pickers, un- 
winders, napping machines, burr pickers, and felt cards. 


SpeciaL Conpirions REQUIRING STaTIC NEUTRALIZING 


One particular installation of the neutralizer in a silk-finishing 
plant is interesting from many angles. The web of silk wet 
from the dye vat passes into a drying oven, where the tem- 
perature is maintained around 200 deg. fahr. The silk passes 
under jets of warm air, backward and forward through the oven, 
coming out at the bottom, where it is rewound on a roll. In 
spite of the fact that air is blown against the top surface of the 
silk and in spite of the humidity owing to the drying of the 
moisture in the high temperature, the static generated was so 
strong as to cause the silk to fly up against the air nozzles, 
resulting in the marking of the silk by the dust which accumu- 
lated through the drying system. Special equipment of the 
neutralizer had to be designed to meet these extreme condi- 
tions. 

The process of coating fabric with rubber has always been 
attended with great fire hazards because of the extremely in- 
flammable nature of the volatile solvents used. This also is true in 
the manufacture of artificial leather and similar products. The 
fabrics themselves generate strong charges of static electricity by 
friction in the coating machine, and the discharge of these charges 
in the inflammable gases is a grave menace. The use of the 
Chapman electric neutralizer on such machines prevents the 
accumulation of charges sufficiently strong to produce sparks, 
thereby reducing the attendant dangers to a minimum. This 
is also shown in certain types of naphtha-cleansing and spot- 
proofing machines. 

Another very interesting installation of this character was made 
in an abrasive manufacturing plant in which a highly inflammable 
binder was used to hold the abrasive material on the paper or 
fabric backing. The danger from flash fires and explosions in 
this particular instance was so great that specially designed 
neutralizer equipment was installed. The principle employed 
was of course exactly the same, although mechanical details had 
to be worked out to effect the maximum of safety to guard against 
the serious consequences of an accidental spark. 

Experimental work in connection with the manufacture of 
photographic film also opened up a very interesting and some- 
what new field. It must be understood that there is a slight 
glow discharge about the points of the neutralizer bar. This 
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glow discharge is barely discernible to the naked eye, but in a 
dark room where sensitized film is handled this glow discharge, 
as encountered in the bar, would be disastrous because it would 
be automatically photographed on the film. It therefore be- 
came necessary for this purpose to reduce the glow discharge to 
a point where it would not photograph itself on the film and yet 
not to the point where the neutralizing effect would be lost. 
It might be interesting to know that a roll of film may be abso- 
lutely neutral as it stands, but unwinding the roll would create a 
strong static charge owing to the separating of the two dis- 
similar surfaces of the film itself. As observed in a dark room 
when unrolling film, a blue haze could be seen across the point 
of tangency where the film leaves the roll. 

Oil-cloth printing machines provide another field for the neu- 
tralizer, as the generating of static electricity in the printing and 
drying processes interferes materially with the quality and 
quantity of the product produced. 

Even such a prosaic process as ironing ordinary bedsheets is 
strongly affected by the presence of static electricity. This refer- 
ence is to power ironing machines in large laundries, such for 
instance as do the work for Pullman sleeping cars, where pro- 
duction even in a laundry is of vital importance. Static was 
sometimes so troublesome in these machines as to render them 
almost inoperative except at very slow speeds, and here again 
the neutralizer has solved a costly problem. 

The Chapman electric neutralizer at the present time is in 
use on very many industrial machines of various kinds, and this 
in spite of other attempts to solve the problem of static elec- 
tricity. The harmonious union of positive and negative elec- 
tricity of the alternating current has resulted in many achieve- 
ments each with its own romantic story of pioneer work. The 
electric neutralizer might not appeal to the imagination the same 
as the radio, for example, with its many ramifications, but there 
can be no question that the successful combating of static elec- 
tricity by the Chapman process has added materially to the sum 
total of industrial progress. 


Discussion 


Joun Ciype Oswap.: Speaking on behalf of the printing 
industry, it is the most encouraging thing to those of us who 
are interested in improving the conditions, that this meeting 
should have been called by the American Society of Mechanical 
Engineers. 

The international organization of employing printers, the 
United Typothetae of America, as you may know, has for forty 
years been making a sustained and energetic effort to improve 
conditions in the printing industry. At first, the effort pro- 
ceeded along the lines of business conditions, first, the propaga- 
tion of the cost-finding idea and the installation of cost methods, 
later of a study of marketing conditions, and of recent years 
of things connected with engineering. 

The idea was presented at one of our annual conventions just 
a few years ago that the principle of engineering could be applied 
to printing. It was received with some skepticism. But a de- 
partment of engineering was instituted, and an effort has been 
made to make progress along lines indicated by its name and 
through activities which would naturally come under the work 
of its committee. 

So it welcomes this participation on the part of such a dis- 
tinguished organization as the American Society of Mechanical 
Engineers. There have been presented for your consideration 
some most interesting discussions of engineering problems. 


1 Managing Director, New York Employing Printers Association,. 
New York, N. Y., and Chairman of the meeting. Assoc. A.S.M.E. 


| 
q 
AG 
* 4 
4 
Ree 
ay 
{ 


26 TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


Donatp A. Hampson.? A reading of the symposium points 
to uncontrolled humidity as the hoodoo of printing. Engineers 
have been pointing this out for more than a decade and sug- 
gesting the way to eliminate it, but they have had a hard time 
in bringing employers to see that the cure was worth its cost. 
However, the start has been made, particularly in some of the 
larger plants, and more printers are adopting correct methods 
every day. It is fortunate indeed that apparatus is available 
for control in small plants as well as in large, in single rooms, 
and for single machines. 

About six months ago I became interested in the effect of 
weather conditions on leather belting and on wood as used in 
printing plants. Although undertaken for entirely different 
reasons, the results bear out the underlying difficulties of print- 
ing-plant operation as detailed in these papers. 

Leather and wood are much more inert than paper; hence 
changes in their size and shape due to atmospheric conditions 
are the more remarkable—a fact that emphasizes the need for 
control in the use of more sensitive materials such as paper. 

Leather and wood are important tools of the industry, though 
not classed as “‘raw products.’’ Leather, often as the connecting 
link between motor and press, is absolute master of the output. 
Wood is widely used for furniture and plate mounting. Hence, 
it must enter into considerations of both pressroom and com- 
posing-room conditions. 

The leather belts I used were put under tensions that corre- 
spond with favorite running tensions for motor belts, where a 
long life is expected and the slip is kept within good engineering 
practice. This work was started during the hottest days of 
summer, when there was also a high relative humidity. Doors 
and windows were open, in fact, they were kept open most of the 
time until October. Throughout that period the humidity was 
much higher than comfort would decree. 

With doors closed and steam up, the expected change took 
place. As the air dried out, so did the belts. My experience 
shows that belts lengthen as they dry out, and, in lengthening, 
they pull less because they are looser and more slippery. With 
the two belts I used the change from July conditions to December 
was about '/, of 1 per cent. 

In checking humidity’s effect on wood, I used a piece of wood 
furniture that had been made by Hamilton more than 20 years 
ago. In the manufacture this had been thoroughly seasoned 
before cutting to size and had been oiled afterward. With that 
preliminary and 20 years indoors, it should have become fixed, 
if ever. But wood is like paper; it seeks an equilibrium with 
every change in humidity. 

The piece I had was furniture, 5 X 15 ems, and it was measured 
with a micrometer for both those dimensions, always in the 
same places. During a period of three months the outdoor 
temperature dropped from 5 to 22 deg. and the indoor ranged 
from 82 to 42 deg. Measured on the 5-em way, this piece varied 
0.007 in. in that time, swelling above size in damp periods and 
drying out small in the heated rooms. This is an overall change 
of nearly 1 per cent, which shows that wood is in a class with 
paper as to sensitiveness. 

I made hundreds of readings and plotted weekly averages, 
among others. The most interesting plot shows the variations 
as referred to the 65-deg. effective temperature line, which is 
an arbitrary line passing near the center of the “comfort zone”’ 
for human beings, as worked out by the American Heating and 
Ventilating Engineers. At 65 deg. the maximum feeling of 
comfort takes place when there is 100 per cent relative humidity 
in the air. 

It was shown that the further away from the comfort zone, 
the greater was the size change in both leather and wood; also, 

? Consulting Engineer, Middletown, N. Y. Mem. A.S.M.E. 


that the low: humidity of heated rooms was not as far off from 
the comfort line as the high humidity of summer days. A natural 
conclusion from this is that printing conditions are better in 
winter than in summer and that it is less of a task to correct 
the error then, both of which are founded on operating facts. 

To tie these results in with the paper and ink of the symposium, 
let it be said that the recommended temperatures and humidities 
of the several papers all come within the comfort zone. Even 
the equilibrium moisture contents for paper, as given in Table 
1, fall within this zone and not far from the 65-deg. line which 
I used. 

Therefore, in establishing humidity control in our plants, 
we not only correct paper and ink troubles, but we automatically 
provide the most efficient working conditions for humans, and 
we stabilize both belting and wood, which are leading materials 
and vital to successful operation. 


A. Beverty Smita.’ I come from the ink-making branch 
of the industry. It is true that atmospheric conditions other 
than temperature are not as important to the ink man as to the 
paper manufacturer, but it is of importance to the ink man in- 
directly because he is obliged to endeavor to meet the deficiencies 
of the prmting office—the deficiencies, if such may exist, in the 
paper, and even going farther, the deficiencies that may exist 
in the ink rollers and the presses themselves. It is entirely 
out of the province of ink to meet the physical conditions exist- 
ing, either of the atmosphere or the paper or the press, yet we 
are obliged to do it. It makes our task a most difficult one. 

We fail very many times, not because we do not understand 
our business, not because we do not make our product of the 
best materials, but mostly because we are unable to go outside 
the dough-maker of the ink to remedy the defects that exist in 
other parts of the process. 


Rosert T. Wituiams.‘ In connection with what Mr. Smitb 
has said concerning ink, we have observed that many of the 
difficulties which the ink man has to contend with, and most 
of the charges of poor ink made by the pressman, are due to the 
effects of weather—of temperature on the ink itself and relative 
humidity on the paper on which the ink is printed. Such troubles 
as picking, smutting, rubbing, and filled-up plates are frequently 
due to the effect of mojsture on paper or indirectly to the efforts 
of the pressman to make the ink run under abnormal conditions 
by doctoring it. 


Wivyrietp 8S. Huson.’ It seems to me that Mr. Cochrane 
has touched upon about everything that has been an annoyance 
in getting paper through a press. It has been the contacts in 
the past with these troubles which have had the paper maker, 
the ink maker and roller maker, the printer, and the press builder 
by the ears trying to overcome conditions that were often out- 
side his respective area. There is no need to go into detail; 
each knows his own experiences in trying to overcome trouble 
in one instance only to find the result, if successful, non-effective 
in another. Say there were two presses at work on the same 
job, one near the middle of the pressroom, the other near the 
windows. The operator of one would fuss over static, the other 
over offset; the presses were of different make, and consequently 
the whole trouble was in the press, of course! The paper and 
ink men came in for their share of opprobrium, nor was the printer 
free from criticism. Too often he bought his materials hap- 
hazardly or on the say-so of his very competent foreman, who 


3 Chemist, Sigmund Ullman Company, New York, N. Y. 

‘ Mechanical Engineer, Carrier Engineering Corp., New York, 
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5 Consulting Engineer, New York, N. Y. Mem. A.S.M.E. 
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in many cases—I am speaking of old days in the pressroom— 
had a certain ink dope of his own that would surely cure offset. 
About static he was somewhat uncertain; damp rags hung about 
the press, wire-connected to a gas or water pipe; glycerin was 
rubbed on parts contacting with the paper; ‘“‘the paper anyhow 
was too green, and the paper maker hadn’t seasoned it.’”’ It 
may have laid around a basement for a long time or immediately 
have been taken out of the wrappings and run through the press, 
but then the trouble began. 

It is surprising how much really good printing was done under 
adverse circumstances. The gas heater has helped many a 
nonplused pressman out of some of his predicament and is at 
work today with quite a degree of success. 

I wonder if there are any press people here who have been 
called on to say whether a certain loft or building would be right 
for a printery. No attention was paid to location; whether 
river front, woods, mountain top or valley, any place was good 
enough for a printing plant if the ground or the rent were cheap. 
Then when presses were moved there was more trouble, generally 
summarized by saying, “Well, when a press is moved, it is never 
the same; it must find its new bearings.”’ 

The gas heater was probably the first extraneous attachment 
applied to presses that gave promise of being of use in reducing 
slipsheeting; and from the crude perforated gas pipe, it has 
been developed into a safe, controlled expedient, as so well set 
forth in Mr. Cochrane’s paper. This paper fits in well with 
the general subject; for starting at a time when real knowledge 
of underlying principles was scant, it has helped point the way 
to the separation of heat and static, the development of the 
static eliminator, the paraffin-wax spray for preventing offset, 
the adaptation of paper and ink to the work in hand. 

We have come to a realization that printing has outgrown 
the empiric practices of yesteryear, and today for best results 
must be produced through the competently analyzed factors 
which are concerned with it—controlled temperature, inside 
air conditioning, dust prevention, as so fully spoken of in the 
papers; and finally we have come to the realization of the need 
of a greater grasp and the cooperation of publisher and printer 
in the physical, chemical, and engineering aspects which are 
so involved in the production of good printing as a major in- 
dustry. 


Wituram R. Mr. Fuhrmann’s paper is interesting 
as it treats of humidity problems which are not alone confined 
to the pressroom, but are also common to the paper mill and allied 
converting processes of the paper manufacturer. Mr. Fuhr- 
mann’s statement is true that ‘the manufacture of paper has 
not undergone any basic change since its inception,’’ but we 
have learned through study and experience how to help our- 
selves and to improve the troubles with stretch due to changes 
in the relative humidity of the surrounding air. 

The structure of paper is very similar to wood, from which it 
is made, in that it has a grain, usually spoken of in the trade as 
the “long way of” or “across’’ the sheet, and which describes 
the relative position of the majority of the fibers which make 
up its structure. This structure is the result of the making of 
paper on the Fourdrinier wire, which, in itself, is not perfect 
so far as our ideal would lead us in producing a sheet of paper, 
namely, having the fibers so interwoven that there would be no 
difference between our structure “across” or “‘with’”’ the sheet. 

A piece of wood with a long fiber will swell or contract, depend- 
ing whether water is added or taken away. It also will expand 
more with the grain than across the grain. This fact is em- 


ployed by the woodworking trade in so choosing their lumber 


* Vice-President, Dill & Collins Co., Philadelphia, Pa. Mem. 
A.S.M.E. 
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that “across the grain’”’ is located where the least expansion 
is desired, In a similar way a sheet of paper will expand or con- 
tract more with the grain than across, and also the longer each 
individual piece of fiber used in making up the sheet, the greater 
will be its stretch; therefore, we do have some control in building 
a sheet suitable for close register work. 

The shorter the fibers are cut, and the more perfect their for- 
mation in making the sheet, the better will be the result, so far 
as register is concerned under varying conditions of humidity. 
Unfortunately, the trade at the present time demands, in addi- 
tion to good printing and registering qualities, a strong and fold- 
able sheet, and it is when the paper manufacturer has to meet 
these conditions that he is driven up against a real problem 
which can only be solved by the most careful choice of wood 
pulps and the perfect knitting of the fibers across and with the 
grain to form what is known as a “closed up” appearance. 

An experience we had last summer shows the real need of 
humidity control even in small pressrooms. It occurred in a 
small shop in Philadelphia, one not equipped with and possibly 
not able to afford the modern complete humidity-control system. 
A consignment of coated-one-side paper was ordered early in 
the spring with the intention of using this as a fill-in job during 
the summer months; delivery of the job, a calendar, would not 
be required until late in the fall. This printer left his piles of 
paper exposed, and due to pressure of other work did not start 
to use it until some time late in September, when he found that 
all the piles had taken on a wavy edge on the four sides; the 
center was comparatively flat. It is easy to see that this paper 
exposed to the humid atmosphere through the summer months 
had drunk in a large proportion of moisture which had carried 
in only three or four inches into the piled sheets. The fibers 
expanded, and as they were held by the central part of the sheet 
they had no place to expand except to form a wave, which would 
make this paper impossible to handle on the press. The cure 
for this was hanging up and drying out so that all parts of the 
sheet again came to the same moisture content. 

Another printer attempted to put through a common cut 
which had been run on the previous day without sufficient ink. 
The atmospheric conditions had changed, with the result that a 
stretch in the paper prevented obtaining register. As no hu- 
midity control apparatus was available it was necessary for 
him to hang the paper and wait for atmospheric conditions 
similar to the day on which he first ran. 

We can see from these experiences the real necessity for main- 
taining the paper, even for the smallest job, under control and 
with the proper moisture content while in the pressroom. 


Artuur C. Jewett.’ No better statement could be made 
of the need of a basic standardization of atmospheric conditions 
in the printing establishment than the two papers by Mr. Fuhr- 
mann and by Mr. Frank. This need is one that has received the 
consideration of your Committee on Research. 

Standardization of atmospheric conditions in the workrooms 
will not only greatly improve manufacturing results, but will 
also pave the way for a reasonable standardization of specifica- 
tions for such printing materials as ink, rollers, ete. When the 
temperature and humidity under which an ink is to be used are 
known, it is a simpler matter to make it to suit the requirements. 

Progressive research can then advance with some assurance 
of success toward a solution of some of the problems that con- 
cern the printer. In trying to solve the unknown it is first 
necessary to determine the knowns and to stabilize them for the 
purposes of the experiments involved. 


7 Director, College of Industries, Carnegie Institute of Technology, 
Pittsburgh, Pa. Mem. A.S.M.E., and Chairman, Committee on 
Research and Survey for the Printing Industries Division. 
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It is recognized that many small printers, and others not so 
small, will find it impracticable to install both temperature 
and humidity controlling apparatus in their shops. However, 
the establishment of standards will help them just the same, 
as they will profit from knowing the best conditions to aim for 
and the conditions for which their supplies are made to give 
best results. 

In informal discussion in your Research Committee it was 
suggested that steps be taken at once to bring together those 
affected and interested in the standardization of atmospheric 
conditions in the printing establishment in order that a suitable 
set of standards might be formulated for submission to and 
approval of those organizations most concerned. 


Water E. Wines.’ I would like to say a few things on the 
subject of humidity. It might interest you if I told an experience 
of The Minneapolis Tribune. Along in the fall, perhaps two 
years ago, the mechanical superintendent started to experiment 
with humidifiers. The Tribune plant is built on the general 
plan of all modern newspaper plants in that it has a sub-base- 
ment where the paper is kept. Of course, there are openings 
in the floor under the presses which will allow a circulation of 
air. The humidifiers were installed in the sub-basement, and 
exhaust fans were installed in the pressroom, which naturally 
drew the moistened air from the sub-basement up through the 
presses and on out. The installation was arranged that way 
so that the moistened air would necessarily flow up through 
the presses. There is no exact date that can be given for the 
installation of the humidifying instruments. He bought one 
and put it in one place, and then he bought another one and 
put it over in another position, and then he moved them around, 
and was experimenting with them for a long time. 

After he had had these humidifiers in for some time, the audit- 
ing department got him on the telephone and said, ““What has 
happened to your ink consumption?’ He said, “I don’t know 
that anything has.”” The auditing man said, “It has gone down 
very considerably; how do you account for it?” He said, ‘““The 
only answer I know is that it must be these humidifiers.” 

In the spring, after these humidifiers had been going all winter, 
the auditor got him on the telephone again. He said, “What 
has happened to increase your ink consumption? Have you 
shut off those humidifiers?” The superintendent said, ‘The 
answer is yes and no. I haven’t shut them off, but now that 
the weather is getting warmer, the boys in the pressroom are 
opening the windows, and we are having less moisture come up 
through the presses.” 

The interesting fact about that to me is that there was a varia- 
tion in the ink consumption in the winter when the humidifiers 
were on and in the spring when the effect of the humidifiers was 
neutralized by the opening of the windows, and also that there 
was enough of a reduction to attract the attention of the man 
in the accounting department who really did not know anything 
about humidifiers. 

Over a period of eighteen months during the time these humidi- 
fiers were in, the ink consumption, if my recollection is correct, 
was reduced some 15 or 20 per cent. On top of that, the superin- 
tendent said that he got a blacker paper and had less trouble 
from offset. As to why he gets a blacker paper with less ink 
consumption, I have a notion that the paper is a little softer as 
a result of the moistened atmosphere, and the high spots and the 
low spots of the paper are ironed out as the paper passes through 
the press. 

I had an experience of my own with humidifiers in Minne- 
apolis many years ago, when I knew less about the printing 
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business than I do now. It was in the winter time, and our 


newspaper was looking bad. I did not know what was the 
matter with it, but the man from whom we bought our rollers 
said, “I think if you had a little moisture in the air down in the 
pressroom, it would help you very much.” I said, ‘‘That is an 
easy thing to do, and it doesn’t cost anything, so I will try it.” 

I tapped into each one of the steam-heat risers. I had them 
opened wide. There was the most astonishing difference in 
the appearance of that paper. 

Mr. Wituiams. Have you had any experience which indicates 
that a high relative humidity will decrease the number of web 
cracks? 

Mr. Wines. I can not answer that question definitely. I 
believe the answer is yes. 

Mr. Wituiams. I do too, but I have not been able to prove it. 

Mr. Wines. Your question brings up an interesting side- 
light. I have checked up a great many web cracks. When 
we had trouble with the paper, I wanted to find out where the 
trouble was, and I wanted to fasten it on the paper man if he 
was to blame and I did not want to fasten it on the paper man 
if he was not to blame. It is very easy to say that the trouble 
is with the paper or with the ink or with the press. I wanted 
to know. I found that the great majority of web cracks on 
newspaper presses came from defects in the paper, little slivers in 
the edge of the paper. 

Fifteen years ago I bought a paper tester which sold for about 
$60. This made a tensile-strength test. I tested a great many 
samples of paper. I found on the average that the strength 
of the paper that broke was just as good as the strength of the 
paper that did not break. This tester gave the strength in kilo- 
grams per centimeter. I translated that into pounds per linear 
inch width of the paper and multiplied it by the width of the 
paper, and I got the ultimate strength of that paper—on the 
assumption that we could get it stretched uniformly, which of 
course we never do. Then I took the running speed of the press 
and figured out what horsepower that web of paper would trans- 
mit, or, conversely, what horsepower would be required to pull 
that paper into the press against the tension which would be 
just not quite sufficient to break it. I had no easy way of measur- 
ing what the tension was on the paper. I found that if the 
paper was stretched to anywhere near its tensile strength it 
would take more horsepower to pull it into the press than it 
took to run the press. 

I have made a few tests of the power consumption of news- 
paper presses. I have no recollection of figures on the horse- 
power to pull the paper in, but I know that it is only a small 
fraction of the power to run the press. The point is that the 
tension on the paper is far below the breaking point of the paper. 


Ciement Guiass.’ I might add one point. We 
have demonstrated absolutely under severe tests that static 
causes the web of paper between the leads to vibrate and to 
adhere to the rollers, causing web breaks, but by putting a neu- 
tralizer at the crucial points we have eliminated web breaks 
almost 100 per cent. That is a variable that has not been taken 
into consideration. 

Mr. Wives. I would like to back up Mr. Glass. Static causes 
much trouble. It is a great nuisance around a newspaper press. 


Water L. Fieisner.” I just have a word to say on this 
industry in which we have been actively working for about 
twenty years and in which our associate, the J. O. Ross Engineer- 
ing Corporation, has worked in the manufacturing end. Not 
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nearly enough force has been brought by the printer on the 
manufacturer of paper. There is a time element in the con- 
ditioning of paper for the pressroom which every one who goes 
into air conditioning must take into consideration. In other 
words, in all establishments in which air conditioning is used, 
the paper-storage room in which the paper is stored for the press- 
room must be conditioned, and preferably at the same condition 
that you are going to use in the pressroom. As in the printing 
industry we are dealing almost entirely, except in the larger and 
best-equipped plants, with relative humidity rather than tem- 
perature, and as the moisture regain in the paper is dependent 
on the relative humidity or rather on the varying relative hu- 
midity, it would be very well for all printers to insist on a definite 
moisture content of the paper coming from the mill, because 
in that way the time element between the paper-storage room 
and the pressroom could be materially reduced. 

This thing came up very prominently with the American Bank 
Note people, who have air conditioning in their plant, but who 
stated that with rush orders that came into their place they were 
not able to bring the paper received from the mill to the condition 
required in their pressroom in a sufficiently short time. I think 
that is one of the things that the printer can bring very forcibly 
to the paper manufacturer; that although he does condition the 
paper coming off of his machine, he could very well maintain 
that same condition in the paper in his storage room. 

I am surprised that rotogravure work has not been mentioned 
here, because those people have accepted air conditioning almost 
without exception. They have found that their register was so 


essentially fine that without definite conditions throughout the 
process of their printing and the making of their rolls and the 
storage of their paper they could not produce the color work 
that was required for the present rotogravure newspaper section. 


I wanted also to stress two or three warnings in connection 
with air conditioning which are very essential, and which if not 
stressed cause dissatisfaction with air conditioning. In several 
very large plants we found that the conditions required for proper 
printing in the winter time created excessive dripping on the 
paper from ceilings and skylights, and without insulation of 
ceilings, without gutters under skylights, a great deal of dis- 
satisfaction was created. This occurs principally in the large 
plants which are most likely to install air conditioning. 

I want to bring out again this question of the printer who has 
installed an air-conditioning equipment and is disappointed at 
the results obtained in the summer time due to the fact that in 
order to maintain a condition close enough to the outside wet 
bulb, which is the only means he has with which to control his 
operating temperature, he finds that he must carry a very high 
relative humidity, which is very unfavorable to his workroom, 
although not absolutely injurious to the printing; that is, in 
the printing itself, the maintenance of a definite relative humidity 
is essential, but to the workman the humidity which is essential 
in the summer time to the maintenance of a satisfactory tem- 
perature is often very uncomfortable. 


A. A. Wrrtnese.."' I would like to find out from Mr. Wil- 
liams the correct temperature and relative humidity that should 
be maintained in the printing room to get air conditioning. 

Mr. Wiuuiams. The answer to that question covers a spread 
of some 15 per cent relative humidity and some 10 degrees of 
temperature. Anywhere from 50 to 65 per cent relative humidity 
and anywhere from 70 to 80 deg. fahr., provided the point at 
which you are operating is kept reasonably fixed within 2 or 3 
per cent or 2 or 3 degrees, will give practically perfect printing 
conditions. 
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Frep S. Enauisu.'? I have a question I want to ask Mr. 
Glass. I am not very well posted on static. As I understand 
it, static and dynamic electricity are entirely different. If 
they are different, why does dynamic neutralize static? 

Mr. Guass. “Dynamic” is a term applied to electricity in 
motion, and “static’’ is a term applied to electricity at rest, but 
under a pressure or potential which tends to set it moving. 
There is an analogy with hydraulics which helps to visualize the 
truth of these matters. Consider the case of two water tanks, 
one at high level and the other at a low level, connected with 
each other by a pipe having a shut-off valve in it. So long as 
the valve is shut you have simply static water exerting a pres- 
sure and trying to get to the lower level. Open the valve, and 
you have dynamic water escaping to the lower level. Analogous 
to the tank and closed valve is a static charge on a sheet of 
paper. It exerts a pressure trying to escape, but the atmosphere 
like a shut-off valve prevents it. Our high-tension transformer, 
however, will forcibly open that valve by projecting a dynamic 
current of ions into the atmosphere whereby a free course to 
ground is established—a sort of “carrier wave” as you might say. 


Joun Hetrricu.'* I think most of the problems that have 
been discussed here are in common with the problems we have 
had. We organized, at the order of Mr. William Randolph 
Hearst, a chemical research department in the Hearst news- 
papers. The object of this department is to standardize all 
the supplies and materials used by the Hearst newspapers, also 
to cooperate with the various mechanical departments in the 
development of new processes. 

We have endeavored to lay particular stress on the three 
principal materials that are used by a newspaper—namely, ink, 
paper, and metal. 

We have had success in standardizing our inks. Of course, 
our manufacturing problems in regard to printing are different 
from those of other newspapers inasmuch as we print Sunday 
sections of The American Weekly Magazine which contain four- 
color advertisements. The unfortunate part is that the national 
advertisers expect us to do about as good printing on a fast- 
running web press, putting on four colors almost simultaneously, 
as the results that are obtained by printers that are using a 
coated paper and much better ink than we can use. 

In regard to paper, we have recently attempted to standardize 
the paper used in the magazine section. We have standardized 
it to the extent that we are using a blue-white paper with a special 
absorption property and special finish. The difficulty that we 
experience is that the enormous amount of paper that we are 
using cannot be made by one mill; we have to call on four or 
five mills in order to obtain sufficient newsprint for this magazine 
section. The conditions at the different mills vary so that it is 
impossible for the five mills to make a sheet that is absolutely 
uniform; the color will vary, the finish will vary, and at 
times the absorption properties will vary. This may be due to 
the character of the raw material that they use; it may be due 
to water conditions, or other mill conditions. We do try to 
get them to make uniform product and we do feel that in some 
respects we have been successful. 

In checking newsprint we have a system whereby the press- 
room sends to the laboratory every day the exhibits of what we 
call apparent mill defects. These include breaks that are due to 
poor splices, slivers, slim spots, and so forth. We make a record 
of these, and we keep the break average of the mills serving the 
Hearst newspapers and also the break average of the various 
papers. We feel that if a mill is making paper that will average 
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one break to twenty-five rolls, it is very satisfactory delivery, 
although we have found in the last two years, through co- 
operating with the mills, that our average is better than that— 
it averages about thirty-three rolls to a break. 

We have also been conducting investigations recently on metals. 
We have come to the conclusion that if we wanted to print well, 
the first thing we had to do was to see that the stereotype plates 
were right. This only can be assured by proper metal control. 

We have aided in standardizing our photoengraving depart- 
ments, so that we feel they are making a uniform product through- 
out the circuit. We have been attempting to standardize rollers. 
We operate in New York a roller-manufacturing plant for the 
New York papers. We found out that by altering the formula, 
we were able to simplify the process of manufacture. At one 
time our roller department made four types of rollers, depending 
upon the seasons of the year. Now, we have just two kinds, the 
winter and the summer. The Hearst newspapers are gradually 
installing rubber rollers for a black-ink press. We obtained 
excellent results, although we found, as we did in the rubber 
rollers that we use on the color press, that the mineral oil con- 
tained in the ink had an effect on the roller so that it swelled 
quite a good deal. We got over that by taking the rubber rollers 
out after they got into that condition and with a grindstone 
cutting off the surface of the rollers and putting them back in 
the presses again. 

CHAIRMAN OswaLp. In the country printing office where I 
began, I think the life of a roller was four years. 

Mr. Hetrrics. I have known, for instance on excessively 
humid days—and it seems always to happen on a Friday or a 
Saturday—that we pulled out as many as 125 composition 
rollers. That is one condition which we wish to eliminate. We 
feel we have accomplished that to a certain point by hardening 
our rollers and by the use of rubber rollers. 

CHAIRMAN OswaLD. This discussion was opened by a printer, 
and it is going to be closed by a printer. I am going to ask Mr. 
Walling to close this discussion. 


Tap 8. Wattina.'* I think the discussions that have been 
brought out here today are all very interesting and are of great 
moment. It requires men like Mr. Cochrane to be called in in 
many cases to help the printer or help the superintendent to 
solve his problem. For instance, we have one now that I re- 
cently called Mr. Cochrane in to help solve. The McGraw-Hill 
plant is perhaps more nearly a newspaper proposition than any 
other magazine printer in the world. We print our magazines 
on newspaper schedule. The high speed at which we have to 
run our presses means that there are certain types of presses 
that cause us more concern than others. For instance, we have 
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the web presses. We have been criticized because we run such 
small runs on the web presses. That is due to the fact that 
we are on a newspaper schedule, and there is no other press 
going that will produce a magazine on time. The presses are 
built so that the contact of the printing running through the 
folder gives us considerable offset. I have my draftsman and 
my mechanic working on a scheme to try and overcome offset 
on these web presses by increasing the space between the time 
of printing and the time of that sheet entering the folder. In 
other words, we are adding 33 feet to the travel of the sheet from 
the time it is printed to the time it is finished in the folded product. 
The idea of that is to allow slightly more absorption of the ink 
into the sheet. If we find that that is not entirely successful, 
we are going to add on the top of the sheet and perhaps below 
the sheet in this space one of Mr. Cochrane’s gas-heating devices. 
We are also placing a heater at the end of the sheet before it 
enters into the printing. We feel that that will help to eliminate 
some of the static and take out some of the moisture in the sheet. 

The problems of the printer are very many. Our greatest 
problem is to get the paper in and properly seasoned. The 
conditioning of paper is a very essential feature. 

Another point of interest to the printer and the publisher is 
an idea I have been experimenting with in the substitution of 
carborundum sheets in place of the usual 10-point jute manila 
as a packing on the impression cylinder on our three high-speed 
web presses. The experiment has been so satisfactory that I 
have definitely planned to put it into effect. 

This perhaps is a procedure never before adopted in any 
printing plant, and will serve to (1) eliminate the traveling 
offset roll of paper, (2) eliminate the tension man on this roll, 
(3) eliminate the smut that is prevalent with offset rolls which 
are used continuously on the run of a form. 

When you consider that you are printing against a sheet of 
carborundum, which is harder than steel, it would seem that 
the operation would naturally wear the curved electrotype. 
But a microscopic examination showed that the wear from this 
method of printing was no greater than the natural wear under 
the usual printing conditions. 

The carborundum sheet is made up of 280 fine particles of 
carborundum to the inch each way, or about 80,000 to the 
square inch. The wet printed sheet is offsetting against this 
fine mesh of carborundum points with a result of surprising 
cleanliness. Excepting in cases of extremely heavy forms it is 
not necessary to wash this packing under 35,000 impressions. 
This method will create a saving of approximately $20,000 per 
year in our web-press department, using three web presses, and 
no doubt will be of very great interest to any one operating this 
type of press. 

In closing, I would say that any one should derive great benefit 
from the things that have been brought out in this session. 
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The Reorganization and Reconstruction of 
the Newspaper Printing Press 


By HENRY A. WISE WOOD,' NEW YORK, N. Y. 


ERHAPS it will make the subject under discussion clearer 

if I describe the background of experience from which I 

approached the reorganization and reconstruction of the 
newspaper printing press. 

Although I had learned to set type when a child, and later 
wrote, set, and printed a schoolboy paper, and out of curiosity 
became familiar with the mechanism of the press which printed 
the “weekly” of my school town, it was not until I entered the 
employ of the Campbell Printing Press and Manufacturing 
Company, of New York City, in 1883, that I took the art of 
printing seriously. 

This company made the then celebrated Campbell Country 
Press, which was used by the smaller country newspapers and 
was worked by hand, and the two-revolution job-and-book press 
upon which was printed the larger part of the book work done 
throughout the United States. Both presses used sheets of 
paper, which were fed by hand. 

My first task was that of selling country presses to country 
newspapers at $1,000 a press, and taking in exchange Washington 
hand presses at $150 a press. There are today prosperous 
newspapers having large plants containing rotary presses for 
whom I then performed the homely service of lifting them out 
of the hand-press era. This experience taught me the funda- 
mentals of printing, the essential value of strict adherence to 
“type high,”’ the necessity of correct justification, the virtue of 
“squeeze,” and the worth of a thin but well-distributed film of ink. 

The need of correct knowledge of these sacred elements of the 
art of printing became more apparent to me when, later, I took 
over the sale of job and book presses to book and commercial 
printers. At this time an invention made by Andrew Campbell 
was going into use, against great opposition. It was the employ- 
ment of hard cylinder packing, made of “‘pressboard,” instead 
of the felt or rubber blankets then used for the higher grades of 
work. 

Observance of the difference in behavior between the two 
systems taught me that only the ‘‘face’”’ of a letter or illustration 
is essential in printing. The rubber or felt blanket printed not 
only the “face” of a letter, but reached down over the edges and 
took ink from the sides as well as from its face. Hard packing, 
on the other hand, which reproduced only the face of a letter, 
therefore gave a cleaner and sharper imprint, that is to say, a 
firmer imprint with clear-cut edges. 

It was also borne in upon me that the reluctantly yielding 
surface of hard packing not only pressed out the unevenesses of 
the paper surface, so that the latter’s low spots as well as its high 
spots received a full film of color, but that type lasted longer 
when hard packing was used than when soft packing was used. 
This effect I found was due to the rounding off of the sharp edges 
of type which was caused when, at each impression, the type 
embedded itself in the soft packing’s cushion-like surface. 

In 1891 I was given charge of the Stonemetz Printing Machin- 
ery Company plant at Millbury, Mass., which the Campbell 
Company had purchased. My function there was to see that 
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the small newspaper presses and stereotyping outfits which that 
concern made were so built that they could fulfill the promises 
that had been made for them. This was my first experience of 
the actual manufacture of rotary newspaper printing machines 
and the hand-worked stereotyping apparatus which in those days 
accompanied them. 

Meanwhile, I had been making a close study of the behavior 
of the printing presses used by the newspapers of New York City. 
The New York Evening Post then ran an eight-cylinder Hoe 
press to which eight boys fed eight sheets. These sheets had to 
be run through the press twice, for the printing of both their 
sides, and thereafter were folded by hand. The two pages of 
type carried by this press were locked in curved chases called 
“turtles.” 

The New York Commercial Advertiser used a press which 
carried ‘turtles’ holding the type for both sides of the sheet. 
It used a web which after being perfected was cut into sheets, 
which were delivered flat. The New York Herald and The New 
York Times had already advanced beyond the employment of 
type in printing, using the then but recently introduced art of 
stereotyping. The Herald had Bullock presses, made in this 
country, while The Times used a Walter press built in England 
after the fashion of the presses used by The London Times. 
Folding machines had but recently been added to these presses. 
Then, it may correctly be said, the newspaper printing press of 
the present day was born. I am here referring to the late seven- 
ties. 

Thus at the beginning of my career, I came into direct touch 
with the recent work of the great pioneers whose engineering 
genius, practical knowledge, and daring founded the modern 
newspaper printing press. From them I acquired their habit of 
dealing directly and realistically with engineering problems. 
These men were not theorists. They solved their problems in 
a purely empirical way and left to others the minor function of 
devising theories to explain the results which they had obtained. 
This habit of dealing with practical affairs in a vigorous, practical 
way crystallized in my mind the custom of finding the fact first 
and letting the theory which explains it follow if it would. I 
mention this merely for the reason that I have discovered and 
set to work many things the philosophy of which I have not yet 
been able to ascertain. 

In 1894 I made up my mind to leave the field of commercial 
printing machinery and devote myself exclusively to the develop- 
ment of better machinery for the newspaper. This I did in 
obedience to my conviction that the daily press was slowly gather- 
ing powers which would be eventually second only to those of 
Government itself. The newspaper seemed then to be entering 
upon a career of great adventure which promised fascinating 
work to whomsoever of an inventive turn of mind would go along 
with it. The plant of The New York Herald at 34th Street acted 
upon me as a constant challenge. From Broadway, its presses 
could be seen running at 24,000 impressions an hour, and through 
the windows of its foundry on Sixth Avenue one could watch the 
laborious work of casting and finishing great numbers of printing 
plates by hand, in what seemed to be feverish haste. 

The daily spectacle which this plant held before me finally 
led me to obtain from Mr. Bennett the privilege of wandering 
about it at will. This, in turn, resulted in the invention of the 
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first automatic printing plate-casting and finishing machine, 
which I named the Autoplate. This innovation was adopted by 
The Herald in 1900 and shortly thereafter found its way into the 
foundries of the larger newspapers throughout the world. 

The introduction of this machine involved the need of over- 
coming a host of difficulties. A matrix capable of withstanding 
the strains of machine casting had to be developed; stereotypers, 
all of whom were unfamiliar with the use of automatic machinery, 
had to be taught to work it; and a standardization of metal com- 
position, temperatures, and working practices theretofore un- 
known had to be created. But these were among the minor 


management as defects justly chargeable to it which I was ex- 
pected to correct. I then saw that I should have to familiarize 
myself thoroughly with the work of all the mechanical depart- 
ments of The New York Herald in order to save the Autoplate 
from rejection. This took three months of hard study, but it 
resulted in my having at last obtained a working familiarity 
with the making of halftones, the work of the composing room, 
and the work and problems of the pressroom. It was then that 
I learned to read a newspaper by insight, that is to say, to be 
able to lay my finger upon its defects and state correctly their 
causes and cures. Meanwhile, the knowledge thus gained en- 
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obstacles which challenged the success of this machine. Greater 
obstacles were to be found in the natural human prejudice which 
exists against the adoption of a new thing, as well as in the ten- 
dency of some of the mechanical departments of The Herald to 
load their troubles upon the new stereotyping machine. 

These difficulties compelled me to appear almost daily before 
the manager of The New York Herald for the purpose of defend- 
ing the machine from complaints that had been lodged against it. 
When halftones were muddy, or linotype slugs were porous, or 
head letters varied in height, or press blankets were old, or the 
percentage of sheet breaks too great, these were frequently laid 
up against the new machine and were set before me by the 


abled me to remedy the remaining faults of the Autoplate ma- 
chine, after which it was easy to defend it from unjust criticism 
and secure its acceptance by The New York Herald. 

In the plants of The New York World, The Boston Post, and 
The Chicago Tribune, which adopted the Autoplate soon after 
The Herald had been fully equipped with machines, similar 
difficulties arose and had to be dealt with as I had dealt with those 
in The Herald office. Thus was acquired a thorough knowledge 
of the innumerable problems which are inseparable from the daily 
work of the newspaper and of their causes and solutions. It 
followed that I found myself in possession of a great mass of data 
concerning the pressroom, and it is upon this practical knowledge 


| 
. 
‘ 
% 
; 3 


PRINTING INDUSTRIES 


that I reared the work of reorganizing and reconstructing the 
newspaper printing press. The details of a unit of the Wood 
press are shown in Fig. 1. 

It was apparent that the newspaper was suffering severely 
from the limitations of its pressroom. Unless someone should 
revise the printing press and vastly increase the amplitude of its 
powers and reduce its comparative costs of operation, it was plain 
that the expansion of the newspaper’s capacity for economical 
production would be insufficient to keep pace with the growth of 
its opportunities for service. As no one had risen to do this work 
by the time it had ceased to be necessary for me to look after 
the foundry, I decided to do it myself, and so set up a laboratory 
equipped for the study of the various phenomena of newspaper 
printing. Herein were gathered the records of the observations 
I had made with respect to the behavior of printing presses in 
nearly all of the principal plants of the country. These were 
classified and were then analyzed so that the cause of each defect 
met with might be understood and its remedy provided. 

These analytical and constructive studies having been com- 
pleted, the first practical step toward the construction of the 
proposed new press was undertaken. It was the attempt to 
ascertain scientifically the highest speeds at which newsprint 
could be handled and printed upon. To this end, we built a one- 
page-wide press capable of taking two plates of The New York 
Herald. This press was fitted with a rudimentary inking ap] a- 
ratus and means for printing and rewinding a half-page-wide strip 
of Herald newsprint. This machine also had mechanisms fcr 
ascertaining the pressures necessary in printing and for registering 
paper strains and a tachometer for recording speeds. Obviously, 
before beginning the actual construction of a press, it was neces- 
sary to ascertain the highest speed at which a well-inked and 
sharp imprint could be obtained. Was there a point at which 
the “instant” of impression would be found to be too short in 
duration to enable a film of ink to leave the surface of type and 
adhere to the surface of paper? If there was, at what speed 
would that point be found? 

This was the first question put to the “Answerer,”’ which was 
the name we gave the testing press. Greatly to my surprise, 
we found that when running at the rate of say 60,000 impressions 
an hour we did better printing than at 24,000 impressions an 
hour, and that at 75,000 impressions still better printing could 
be done. This demonstration was so startling that it was re- 
peated many times lest some deceptive condition might have 
crept into our trials; but from every repetition the same result 
followed. We were able therefore to deduce the law that, other 
conditions permitting, the higher the speed the cleaner and 
sharper the impression from a relief printing surface. Out of 
this discovery arose my belief that the speed of printing can be 
raised indefinitely provided the speed of all other organic func- 
tions is increased correspondingly. When it is perceived that at 
75,000 impressions an hour one agate line is printed in 1/6637 
parts of a second of time and at 60,000 impressions an hour, in 
1/5310 parts of a second, one marvels at the remarkable nature 
of this phenomenon. 

For many years, I had been told that newsprint could not be 
run faster than it was then being run; that it was not “‘strong 
enough” to withstand the speed of “‘fast printing.”’ But there 
was no reason, it seemed to me, why there should be any limit to 
the speed at which newsprint could be handled provided mecha- 
nisms suited to its peculiarities could be devised. Nevertheless 
it appeared necessary to examine the matter scientifically. This 
we did by means of our testing machine. By the trials that 
followed I was able to prove conclusively that the only factor 
which limits the speed at which newsprint can be run is to be 
found in the inability of the mechanisms which handle it to func- 
tion in harmony with it and with each other at the higher velocities. 
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We then undertook to check up this conclusion by the behavior 
of presses in various pressrooms, which proved our conclusions 
to be correct. What I had discovered was this—that newsprint 
can be run without difficulty up to the speed at which the parts 
of a press cease to move in unison with each other and the news- 
print, but that so soon as this point is passed and the paper- 
handling mechanisms begin to lose rhythm through weakness or 
lack of balance or other causes, unequal strains are put upon the 
sheet and it gives way. 

Thus I had found that it was not newsprint that was too weak 
to withstand the strains of speed, but that the presses in use were 
not correctly designed to handle newsprint at high speeds without 
themselves destroying it. While their paper-handling parts 
moved in harmony at the lower speeds they lost step at the higher 
speeds and began warring among themselves, which tore the 
sheet asunder. 

From this, it was possible to deduce the law that newsprint 
may be run at any desired speed provided all of the mechanical 
elements with which it contacts are moving at the same speed 
in the same direction and provided that such resistances as it 
meets, whether engendered by the tension which is established 
to control it or by bars, etc., be less than the tensile strength of 
the sheet’s weakest part. This investigation taught the need 
of so constructing a press that all of its sheet-propelling mecha- 
nisms should be capable invariably of maintaining uniform and 
comfortable relations with the sheet at all speeds, however great 
and changeable these speeds may be. 

By now, I had begun to visualize the web or ‘“‘sheet’’ of news- 
print as an extremely tenuous stream which emanates at the roll 
and ends as a folded product brought to rest, which must be 
manipulated at every point of contact with the utmost delicacy. 
A confirmation of the validity of this assumption and of our 
success in applying it is to be found in our presses, which are able 
to handle the sheet with as little strain upon it at 60,000 impres- 
sions an hour as at any lesser speed. In our shop trials we have 
reached speeds as high as 81,000 impressions an hour without the 
slightest indication that we were endangering the sheet. 

Thus the fallacy has been dispelled that newsprint is ‘too 
weak to be run fast,”’ and instead we have demonstrated the fact 
that such weakness as there is lies not in newsprint itself but in 
the construction of presses which attempt to run it at speeds 
beyond those for which they were designed. I am therefore of 
the opinion that great sums have been spent needlessly in 
strengthening newsprint, which would have been spent to better 
advantage in strengthening the presses which ran it. 

Had publishers been more liberal in the purchase of their 
printing machinery, the cost of newsprint would be far less than 
it is. It is my considered opinion that had they carefully nur- 
tured their press builders, so that the latter might have been 
enabled to prosecute scientific research and encourage invention 
as routine parts of their business, the present cost of newsprint 
would be more than ten dollars a ton less than the price at which 
publishers are now struggling to buy it. The press business has 
been starved into stagnation, and the newspaper industry is pay- 
ing for it in its paper bills. Nothing could more aptly illustrate 
the high cost of cheapness. 

Our next step was to study the various effects upon the sheet 
of the first pair of printing cylinders. This printing couple 
comprises one cylinder which is clothed with printing plates and 
another which is clothed with felt blankets. Together, these 
cylinders in the ordinary press act to haul the sheet into the 
machine and to print upon its first side. These two functions 
are performed at identically the same instant, notwithstanding 
the fact that they are antagonistic functions. 

The one function is that of drawing the sheet into the press 
against the resistance of paper-roll tension devices, and the other 
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is that of impressing upon the sheet the printing surface of the 
plate. The sharp type edges and varying type areas of printing 
plates provide a dangerous means of pulling a sheet of paper 
which is held taut by resistance. A printing surface which must 
haul a sheet at the instant of printing it cannot make a sharp and 
clear impression. It was obvious at the outset therefore that 
these two functions would have to be divorced, if sheet safety 
and clear printing were to be had. 

To this end I provided a separate mechanism for drawing the 
sheet from the paper roll into the press and so proportioned its 
velocity to that of the first printing cylinders that the sheet 
should be presented to them in a relaxed condition. Thus, being 
without tension, a sheet so fed would obviously be free from the 
danger of breakage and could receive an accurate and clear-cut 
impression, free from smear or smudge. By divorcing these 
functions we had not only complied with the law of paper security, 
but had acquired the ability to print the first side of the sheet as 
well as the second side is printed. Thus it is immaterial in our 
presses whether an illustration be carried upon one side of the 
sheet or the other, excepting only in so far as set-off is concerned. 
This improvement is more fully discussed in patent No. 1,307,390. 

In the first printing couple of the ordinary press, I found still 
another defect which offended against the law of paper security. 
This was caused by the fact that a printing plate containing only 
a few lines of type, such for instance as an open ad page, will 
draw more paper into a press than a plate containing such solid 
matter as classified advertisements. Thus if both kinds of plates 
are run upon the first printing couple, one plate will be drawing 
into the press more or less paper than another plate, and diagonal 
strains will be set up in the paper stream which endanger the 
sheet. 

In order to remedy this defect as well as the two previously 
mentioned, I found it necessary in developing the preliminary 
paper-feeding device just described to give it a feeding speed 
slightly greater than that of the surface speed of the first printing 
cylinders. By doing this we were able to deliver to these cyl- 
inders a sheet which should: be always relaxed, regardless of 
whether or not open or solid pages were run. It is to this function 
of the preliminary feeding device that we refer when we speak of 
feeding the sheet to our machine under a “minus stress;” that 
is to say, under a stress less than would be applied to the sheet 
were it being fed at the normal gear-pitch speed of the press. 
Another virtue to be found in this method of feeding paper is the 
lack of strain which it insures to the sheet during its passage from 
the first pair of printing cylinders to the second. This obviates 
the breakage of sheets between the two printing couples, which 
is such a frequent source of delay and annoyance. 

Having removed these difficulties, it next became necessary to 
study the behavior of the printing cylinder itself toward the sheet 
during the actual function of printing. I had observed that when 
the presses in use were run beyond their normal speeds, heavy 
and light bands of printing alternated across the lower halves of 
their pages. No one seemed to know the cause of these stripes, 
the nearest guess to it being that at speed the inking rollers 
“danced.”” A search of American pressrooms having failed to 
throw any light upon this curious effect, I made a study of 
British pressrooms. At last, in The Edinburgh Scotsman office, 
I found a name for but no explanation of it. There it was called 
“friaring,”’ so by this term we have known it ever since. 

The fruitlessness of this search sent me back to the laboratory. 
There, after an exhaustive series of tests, I found that friaring 
was not due to the dancing of inking rollers, but to the dancing 
of the printing cylinders themselves. The amplitude of this 
vibration was then found to vary from 0.0001 to 0.0004 of an inch. 
Friaring thus was the result of variations in printing pressure 
caused by the rebound of the printing cylinders, which after hav- 


ing “dropped” into the plate margins were struck by the oncom- 
ing plate edges and driven apart. This impact set up a series of 
cylinder bounces which caused these variations of printing pres- 
sure. The width, intensity, and distance apart of ‘‘friars’’ was 
found to increase with speed. 

As the first step taken in order to reduce this cylinder vibration 
I developed the all-steel printing cylinder which is now in general 
use. This improvement raised my speed to 40,000 impressions 
an hour, but got it no further. Excessively massive frames 
surrounding the cylinder journals were next added and heavy 
cylinder boxes fitted with clearance enough only for a film of oil. 
This construction permitted a still further gain, but of only a few 
thousand impressions an hour. Knowing the accuracy of ball 
and roller bearings, we then tried them both, but without being 
able to increase our speed. These bearings seemed to lack in 
rigidity what they contributed in accuracy. I then tried an 
amply designed bronze bearing, fitted with a bronze “pad,” 
which bore against the cylinder journal in such a place and man- 
ner as to hold the journal always against the work side of its box. 
Behind the pad was an adjustable screw to keep the pad up to its 
work. With this device properly set the cylinders ceased to 
“gutter,” as dropping into margins is called, and friaring dis- 
appeared. In patent No. 1,417,652 it is very fully described. 

This device, which at first worked admirably, enabled us to 
handle the most delicate newspaper work at speeds as high as 
60,000 impressions an hour without the slightest trace of friaring. 
It was apparent then that we had discovered not only the cause 
of friaring, but had found its remedy, and thereby had over- 
thrown one of the greatest obstacles that had stood in the way of 
reaching the higher ranges of speed in newspaper printing. Thus 
was discovered what I have called the law of initial rigidity as 
applied to the act of making the impression in relief printing. 

But the pad of bronze did not prove in practice a wholly satis- 
factory device. It was apt to heat and seize. Therefore I sub- 
stituted for it ball bearings set around the cylinder journals, 
outside of the frame, and so arranged them that they could be 
adjusted to hold the cylinder journals always against the work 
side of their boxes, without creating frictional resistance even 
should the bearings heat. This particular arrangement worked 
perfectly, and we have used it ever since, and friaring is with us a 
thing of the past. 

The philosophy of this arrangement is this: When a journal 
heats, it expands and “‘seizes’”’ the box in which it runs unless 
there is room in which to expand freely. In the journal boxes 
of printing cylinders, we had found that the necessary room for 
expansion caused the defect of friaring at any but moderate 
speeds. By holding one side of the journal against the work side 
of the box, however, we had succeeded in overcoming “‘friaring,”’ 
but the bronze pad used to accomplish this proved too rigid to 
permit of expansion in the case of heating. Having found in our 
experiments that the balls or rollers of bearings are elastic, it 
occurred to me that a ball bearing would supply the very combina- 
tion of accuracy and elasticity that we needed in the element to 
which should be assigned the duty of holding a journal firmly 
against the work side of its box. So we tried it under the most 
difficult conditions by letting the bearing run as hot as it pleased. 
The journal then began to expand, but as the non-working side 
of the box had been given a wide clearance, the expansion of the 
journal found no opposition excepting only in the balls of the 
ball bearing. As these balls permitted themselves to be com- 
pressed enough to allow the journal all the expansion it required 
and still did their work, the journal continued to run even though 
hot while remaining firmly held by the balls against the work 
side of its box. Therefore, printing continued at the highest 
speeds regardless of the heat of cylinder journals and no friaring 
occurred. 
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So satisfactory has this device proved that it has enabled us to 
print without friaring at speeds above 80,000 impressions an 
hour and without any tendency on the part of our cylinder bear- 
ings to “‘fire’’ and ‘‘seize.’’ I am of the opinion that with this 
bearing we can easily reach into the hitherto undreamed-of speed 
ranges which lie beyond 100,000 impressions an hour. In patent 
No. 1,584,828 details of these devices can be found. 

After this fundamental defect of the newspaper printing press 
had been remedied, the subject of inking was next taken up. 
Two methods of supplying ink to a newspaper press were known. 
The one carried ink in bulk from a fountain to a distributing 
cylinder by means of a “ductor” roller which made the trip once 
for each eight or nine printed impressions; the other supplied 
ink in bulk to the distributing cylinder through a series of pipes, 
a spurt of ink for each similar number of eight or nine impressions. 

Both had their limitations with respect to speed. In the first, 
a roller had to be reciprocated at velocities which became im- 
practicable at high press speeds; in the second, pump plungers 
had similarly to be too rapidly reciprocated. In neither did the 
press get a fresh supply of ink for each impression as is invariably 
the case in all of the presses used for fine flat printing. Both of 
these defects stood in the way of speed and good printing. 

With this object in view a long period of experimentation 
began which involved the trial and collapse of many ideas and 
the destruction of innumerable theories. Finally, by the process 
of elimination but one method of inking survived, that of feeding 
an invariable supply of ink to a swiftly moving printing press in 
an uninterrupted film which should ink all portions of the printed 
page freshly for each impression and work without the use of 
reciprocating parts. 

When this remarkable inking system was put into use it was 
found to contain within itself not only every element necessary 
to perfect inking, but to be practically indestructible and limitless 
in its capacity for speed. In comparing its work done at low 
speeds with that done at 80,000 impressions an hour, for instance, 
the difference was found to be scarcely perceptible to the trained 
eye. Furthermore, and contrary to the behavior of other inking 
systems, its “‘slow motion” copies proved to be of prime quality, 
needing not to be discarded as waste. 

The mechanism which solved this long-troublesome problem 
of rotary press inking is shown and described in patent No. 
1,327,580. It consists of a continuously running fountain roll, of 
material that has been hardened and ground, which is partially 
submerged in ink. Against this roller presses the customary 
steel fountain blade, having about it the customary adjusting 
screw in line with each column of a page. This fountain roll 
moves at a fraction of the surface speed of the press. Above it, 
and almost in contact with it, rotates an accurately ground ink 
drum called the pick-up roll, which runs at full press speed in a 
direction opposite to that of the fountain roll. 

This pick-up roll continuously laps a film of ink from the sur- 
face of the fountain roll and sends it as an unbroken and already 
distributed ‘“‘sheet of ink” into the distributing mechanism of 
the press for further refining before it is applied to the printing 
plates. Thus, contrary to custom, the distributing mechanism 
of the press receives an already well-spread and digested film of 
ink which requires but little further refining before it is ready for 
use. This system is so responsive to the touch that it affords the 
newspaper pressman the same opportunity to achieve delicate 
effects in inking that is enjoyed by the printer using a two-revo- 
lution flat-bed press. 

A description of the point of view from which I approached the 
solution of this hitherto unsolved problem of inking may be of 
interest. During my early studies I found myself groping in the 
dark until it occurred to me that we never actually see the letters 
of a printed page, but see only the surface of the paper which 
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surrounds them. It is the white surface of the sheet that is re- 
flected into the eye and not the black letters. The letters if they 
are solidly printed are nothing but black shutters of various 
shapes which are stamped on the sheet to shut out of the eve 
patches of.light which are shaped like the letters. For instance, 
it is not a black X we see but four angular points of white light 
separated by two crossing lines of nothingness. 

When this fact became clear, I understood the philosophy of 
inking—of correct and of defective inking. If the types are not 
completely inked and fail to impress their color solidly on the 
sheet, then there are left holes in the black shutters through 
which the white sheet still reflects small patches of light. The 
letters are then said to be “grey;’’ they have lost their power of 
contrast and therefore their intensity. The more complete and 
sharply defined the contrast, the more powerful is bound to be 
the optical impression. If through over-inking an ink film is 
squeezed from a type beyond its edges and out upon a sheet, then 
the line between letter and sheet is but illy defined and is ragged, 
and therefore is indistinct. An indistinct edge is abhorrent to 
the eye where letter-press is concerned; where halftones are 
concerned it is also destructive of sharpness and clarity. 

Thus it is obvious that good printing depends upon a film of 
ink so homogeneous and complete that it shall cover a type or 
stipple without leaving peekholes for reflected light, and a film 
of ink so thin that there shall be just enough of it to completely 
shut out reflected light but not enough to provide a surplus which 
may be squeezed beyond the edges of the type or stipple to 
raggedly encroach upon the paper's surrounding reflecting sur- 
face, the light of which is needed to send the outlines of letter or 
stipple into the eye. Expressed in scientific phraseology, this 
may be called the law of maximum opacity and minimum ink- 
film thickness. For the first time in the printing art an inking 
system has been created which satisfies all the requirements of 
this law. 

Other and very great advantages which flow from adherence 
to this law are the lessening of set-off in printing, of smudge in 
web handling, and of set-off in folding. The freedom of our press 
from these evils constitutes a clear demonstration of the theories 
set forth and of the competence of our mechanism to put these 
theories to use. 

Solutions had now been found of the problems of introducing 
the paper web into a press without risk to it, of supplying to the 
printing plates a continuous film of ink, and of making the im- 
print in a firm, sharp, and cleanly manner, without friaring—all 
at speeds theretofore unknown. The next problem that pre- 
sented itself was that of safely transporting the stream of news- 
print through the press at the velocities desired. 

After a study of the internal structure and strength of the 
newsprint which was made by the leading American and British 
mills, we established a tolerance of stress below which it seemed 
necessary to keep in handling a web. As we had already provided 
for the safe transportation of the sheet into the press and through 
its printing couples, the portion of its pathway that still remained 
to be investigated lay over guiding rollers and angle bars to the 
drag roller, over the drag roller to the ‘former’ in company with 
other sheets, and finally through the folding mechanisms to the 
delivery, where, however great the speed at which the sheets had 
been printed, it would be necessary to bring them to rest in a 
neat pile without confusion. 

While the law of paper security was to be again our mentor in 
this work, there were still other things to be learned about a 
sheet running at great speed. For instance, we were to discover 
that whereas an angle bar offered high resistance to a slowly 
moving sheet, it offered less resistance to a sheet that was moving 
swiftly. Why? After a series of tests it was found that a mov- 
ing sheet attaches to itself a film or “‘skin’’ of air and that the 
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swifter the sheet the thicker and more adhesive.to the sheet is 
this parasitic air film. 

This effect we found to be so pronounced in practice that where- 
as “‘bar sheets’’ had been shunned, because subject at ordinary 
speeds to breakage caused by bar resistance, they have since 
become with us sheets that are wholly safe at the highest speeds 
we have ever attempted. This is because the air skin of the sheet 
becomes so thick at high speeds that it acts as a lubricant which 
interposes itself between bar and sheet and so actually prevents 
the sheet from touching the bar while the sheet is in transit. 
This lubrication not only reduces sheet resistance enormously, 
but it serves to keep the bars and “formers” clean. The air skin, 
acting as a “‘slipsheet,’’ prevents ink from adhering to the sur- 
faces over which the web passes. Thus the unprinted portions 
of a sheet are kept clean while its printed portions remain brilliant. 
This is because its printed portions are not robbed of the surface 
ink skin which carries the sheen that makes for brilliant printing. 
The action of our presses amply confirms these discoveries. 

Another curious property of this air skin is its refusal to be 
pressed out of the bundle of sheets that meet at the head of the 
“former.” This refusal to be extruded is so persistent that it may 
correctly be said that when a bundle of sheets running at high 
speed passes into the folder there lie two skins of air between 
every pair of sheets. Thus, the sheets are kept apart by air films 
during the act of folding, and when delivered they are free of that 
folder smut and set-off which has ever been the bane of newspaper 
printers. It develops as a result of this that the higher the speed 
of folding the cleaner the product. 

The self-lubricating properties of the sheet at high speeds also 
account for the fact that paper breakage upon high-speed presses 
does not occur when they are running at top speeds, but when it 
does occur, it is usually after a press has passed out of “‘slow 
motion” and is ascending through its lower ranges of speed. 
This confirms my conclusion that with faster speeds of printing 
and with the automatic replenishment of paper roils at full speed, 
which we shall soon introduce, paper breakage will very greatly 
be diminished. I might add that in The New York Times plant, 
for instance, the percentage of paper waste of the Wood press, 
notwithstanding its much higher rate of production, is less than 
that of any other press. 

Having now brought the sheets up to the folder successfully 
at great speed, it became necessary next to learn how to fold, cut, 
collect, and deliver them as neatly packed products at speeds 
approximately double those ever attempted before. This 
problem presented an enormous and bewildering mass of diffi- 
culties. It was like a tangled skein; it seemed impossible to find 
the end of it which should first be taken hold of. The problems 
already solved, which had seemed so difficult of solution, appeared 
to have been easy in comparison with those which now presented 
themselves. 

By this time we had built a four-roll double-width press, capa- 
ble of printing four webs and delivering them to a folder at the 
rate of 60,000 impressions—or 30,000 cylinder revolutions—an 
hour. To create a folding machine that would care for this 
product in conformity with the diverse requirements of the press- 
room seemed for the moment a task beyond solution. 

However, by reducing the problem to its simplest form we 
made a start. I visualized the product passing through the 
folding operation as merely a bundle of sheets moving edge-on 
through still air at the rate of twenty-one and one-half miles an 
hour. The questions to be answered were, then, How shall we 
keep these sheets from flying apart as the resisting air through 
which they move attempts to separate them? How shall we 
manage to maintain them in a compact mass at this speed along 
the curiously shaped pathways leading through the various oper- 
ations of folding? How shall we bring to a sudden stop and 


instantly reverse the direction of the leading half of each bundle 
without damaging it? How shall we bring the whole bundle 
after it has been folded, gradually and comfortably to rest, from 
a speed of a third of a mile a minute, in twenty-five inches? 

As I believed the answer to the first question lay in the domain 
of aerodynamics I made an exhaustive study of that subject. 
The great work of Alexandre Gustave Eiffel, among the earliest 
aerodynamic engineers, which contains a wealth of material 
relating to the subject, opened a new doorway of thought. 
Through it I saw that instead of permitting the envelope of air 
that surrounds a folding cylinder to oppose the passage of the 
leading edge of a bundle of sheets it would be wiser to set that 
envelope of air into motion in such a direction that it would act 
to hold the sheets together instead of to separate them. Then 
began a long period of experimentation with air currents. With 
silk threads attached to various moving and stationary parts of 
the folder which I had built for the purpose, with candle flames 
set here and there about it, and with still other means of de- 
tecting the strength and direction of the air currents set up by 
the act of folding at high speed, we began at last to be able to 
draw definite conclusions. 

Finally, after months of persistent work we had converted the 
surrounding atmosphere from a hindrance into a help in folding. 
When this was done I felt we had really made a start. Our next 
step was concerned with devising active folding mechanisms of 
such a nature that they could be depended upon to do their work 
with gentleness as well as with certainty and firmness. To 
strike a 64-page product in the middle with a steel blade in order 
to double it in two between a pair of toothed folding rollers in one 
one-hundredth part of a second is a rude act. How to do this 
with sufficient delicacy to refrain from bruising the sheet’s skin 
or marring its print took one into the realm of mechanical eti- 
quette; newsprint reigns supreme as the one feminine element in 
the newspaper pressroom. It is not only the most fragile but 
the most variable of all the elements with which the news printer 
has to deal. 

Here, being in a region that requires great delicacy in order to 
disclose enough without revealing too much, I must ask the in- 
dulgence of my audience until the Patent Office shall have com- 
pleted its work. Meanwhile, however, most of the devices that 
are essential to the process of folding and delivering a newspaper 
at great speed may be discussed without reserve. 

The first of these is my use of two sets of nipping rollers, in- 
stead of the usual single set which is to be found upon other 
presses, to draw the gathered webs down the face of the former 
and deliver them to the cutting and folding cylinders beneath. 
A single set I had found wholly unable to hold the webs snugly to 
the face of the former at the highest speeds. The webs persisted 
in taking a curved trajectory from the drag roll to the former 
folding rolls which, as the length of the trajectory varied with 
the speed of the machine, constantly altered the cut-off register. 
At slow speeds the head margins were longer than at high speeds. 

We found it impossible to apply sufficient pressure by a single 
set of nipping rollers to hold the bundle of webs always in cutting 
register. The fiber of newsprint proved to be not strong enough 
to withstand the strain of so sharp a bite applied along a single 
line. Nipping rollers made of various substances to “‘soften”’ 
the bite were tried in vain. At last it occurred to me to halve 
the biting strain by dividing it between two sets of nipping rollers. 
As this halved the pinching-pulling strain brought to bear on the 
fiber of the paper, I found it enabled us to run at the rate of 60 - 
000 impressions an hour in perfect cut-off register with as little 
risk to the web edges as other presses offered which were going 
only half as fast. The nature of this device is fully explained in 
patent No. 1,640,017. 

After having solved the probiems of bringing the collated webs 
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to the cutting and folding apparatus in unvarying register at all! 
speeds, and of successfully collecting and folding the products 
cut from them, the difficult problem of delivery next confronted 
us. A study of the fan deliverw used by existing presses exposed 
three fundamental defects which prevented its satisfactory opera- 
tion at high speeds. First, it made no attempt to bring the 
product gradually to rest; second, it permitted the product to 
acquire longitudinal convolutions in the line of its flight which so 
stiffened it lengthwise that it was liable to be thrown bodily from 
the fan at high speeds; third, no means were provided to prevent 
the product from rebounding if and when it reached the final 
delivery stop. These defects brought about crumpled products, 
confusion in delivery, chokes in mailing-room conveyors, and 
frequently destroyed the count. 

As our first step in curing these defects we interposed a curving 
pathway between folding rollers and fan. The function of this 
curved pathway was to present to the onrushing product sufficient 
resistance to reduce its velocity one-half to that of the inner 
periphery of the fan. Such a pathway I had believed could be 
so designed that its resistance to the passage of a product would 
vary sufficiently with the weight and velocity of the product to 
enable us at all speeds to register the product’s leading edge 
comfortably against a stop carried by the fan, so as to position the 
product with accuracy before the final act of its delivery. We 
succeeded in doing this by means of the resisting pathway des- 
cribed. 

This curving pathway had a further advantage. It enabled us 
to prevent the product from acquiring the longitudinal convolu- 
tions which always had straightened it out into an objectionable, 
swiftly flying arrow-like projectile during its passage to a fan. 
By giving the pathway a reverse curve, which conformed sub- 
stantially to the inner periphery of the fan, the product was 
prevented from assuming this arrow-like shape and behavior and 
was compelled instead to conform in curvature to the inner sur- 
face of the fan blades, against which it was held in exact position 
by centrifugal force until the instant of its delivery. This reverse 
curve in our pathway had still another advantage; it prolonged 
the length of the pathway’s retarding influence by so much of 
the inner periphery of the fan as it employed. 

So by means of the various devices described we were able to 
reduce the velocity of the product to that of the fan, to register 
it accurately with respect to the latter, and to hold it firmly in 
place within the fan by utilizing its own centrifugal force for the 
purpose. To provide for the performance of the final act of 
delivery was now in order. 

Upon trial of the apparatus just described it was found that it 
provided nicely for every contingency excepting that of laying 
down heavy products accurately upon the pile of delivered news- 
papers. A 64-page product, weighing roughly a pound, for 
instance, when run at high speeds would rebound smartly from 
the final delivery stop above the delivery belts. A 16-page prod- 
uct, weighing 4 ounces, would not. Many correctives were tried 
without success. Then it occurred to me that if the stops on the 
fan blades were so positioned that the tail, or following end, of 
the product were permitted to overhang the blades by four or 
five inches, the tail would slap the pile at the identical instant 
that the leading edge of the product struck the delivery stop, and 
so would be negatived the product’s tendency to rebound. This 
proved to be the case and added the final touch to our long years 
of research, a perfect delivery. In patents Nos. 1,266,741, 
1,266,742, 1,363,030, and 1,363,031 will be found a fuller dis- 
cussion of the many phases of this subject. 

We had now completed our work of reorganizing the newspaper 
printing press. We had actually provided it with a new set of 
organs perfectly suited to the heights of speed, accuracy, and 
economy demanded by the necessities of the newspaper of the 
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present day. But we still had a long way togo. While the work 
of the inventor may be said to have been finished, for the time 
being, that of the engineer was still ahead of us. 

In order to prepare for the purely engineering branch of our 
work, which involved the mechanical reconstruction of the news- 
paper printing press rather than its inventive reorganization, I 
thought it wise to make a study of the engineering practices 
employed in other mechanical industries. This took me into 
innumerable trades here and abroad which were engaged in the 
making of metals and many other things. Machine tools, elec- 
trical apparatus, steam turbines, locomotives, motor cars, aero- 
nautical engines, paper-making machines, lace, and other textile 
machinery, scientific apparatus, and metallurgy, all absorbed 
months of time spent in investigation. 

Finally, it became plain that the automobile and aeronautical 
industries offered the furthest look into the future. In them 
were to be found engineering practices a full age ahead of those 
employed in the design of newspaper printing machinery. Of 
these I determined to utilize as many as could be successfully 
adapted to the printing and folding of newspapers. 

Three fundamental requirements became apparent at once: 
The need of abandoning for all time cast-iron and adopting steel 
in all shock-bearing parts; the need of replacing plain bearings 
with ball bearings; and the need of dynamically balancing all 
rotating elements. Upon analysis it was obvious that because 
side frames, gears, and folding machine parts were most often 
subjected to shock these would have to be made of steel or of 
alloys of equivalent strength. In no other way could the break- 
age of side frames and gears by thrown printing plates be pre- 
vented, or the breakage of folding apparatus which is caused by 
heavy paper chokes occurring while presses are running at high 
speeds. 

In embracing the practice of dynamically balancing all rotating 
parts only one serious difficulty arose. It was the impossibility 
of keeping printing cylinders correctly in balance during “‘collect”’ 
runs because of the varying weights of printing plates. It is a 
well-known fact that a 1-pound weight spun about a 7-inch radius 
at 500 revolutions per minute exerts a pull of approximately 50 
Ib. The 7-inch radius is approximately the radius of a 14'/.-inch 
plate cylinder. As open-page and classified-page plates vary in 
weight by as much as 8 lb., and as it frequently happens that a 
number of heavy plates will be working on the same side of the 
plate cylinder it was obvious that some means had to be provided 
for absorbing these forces. This we found could be done by pro- 
viding printing-unit frames of sufficient span and lowness to 
prevent their being rocked by any possible combination of differ- 
ing plate weights, and by massing the greatest possible weight 
of metal in those portions of the frames which are nearest the 
printing cylinders. By designing our printing-unit frames with 
a base seven feet long and a cylinder height of only three and a 
half feet and by giving them a mass of 3300 lb. each, we have 
succeeded in absorbing the large unbalanced forces which the 
most extreme combination of differing printing plates can create 
even if run up to 800 r.p.m., or 96,000 impressions an hour. 

Consideration of the adoption of steel and ball-bearing con- 
struction involved an intensive study of investment costs and 
generally of the economics of present-day newspaper production. 
The time element, so essential to prestige, operating cost, the 
cost of upkeep, and the cost of occupied space, all so essential to 
profitable production, had to be severally evaluated in our com- 
putations. The economic advantages of such a reorganized news- 
paper printing press as we had developed, constructed of steel 
and ball bearings in conformity with the most advanced engi- 
neering practice, had to be weighed against the economic advan- 
tages of the existing cast-iron plain-bearing type of press which 
had so long been in general use. 
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This study, in short, took us into the consideration of all the 
factors involved in newspaper publishing. As the result of it, 
we came to the conclusion that the newspaper industry not only 
could afford to adopt machinery containing the most advanced 
inventions and the best engineering practices of the time, but 
that it could not afford to be without it. 

The extent to which we have embraced the most modern 
methods of construction may be illustrated by the four-roll Wood 
press which is running in the plant of The New York Times. In 
this machine we have used 92 tons of steel, and but 41 tons of 
cast iron and other materials; 723 ball bearings, and 433 helically 
cut steel and bronze gears. 

It has occasionally been asked why organized labor should 
advocate the introduction of the faster tools I have put out, such 
as the Autoplate series and the Wood press. The reason for this 
is readily seen when one understands the intelligent lines along 
which modern labor works. These demand increased production, 
decreased waste, and wages commensurate with the work turned 
out. Because a faster, handier, and more economical tool in- 
creases production and decreases waste it enables the workman 
to create property more cheaply and with less effort—which 
enables him to make his job more profitable to himself by making 
it more profitable to his employer. As increased production 
invariably increases pay, the workman’s interest lies in seeking 
the fastest and most satisfactory tools he can get. In this the 
interest of employer and employee are identical. 

Time, after all, is the measure of life. Anything that will pack 
into a minute of time more of whatever we need is a contribution 
to the pleasurable length of our lives. The more rapid creation 
of less costly usable things is, therefore, the great material need 
of mankind, to serve which the inventor exists. 


Following the presentation of his paper, Mr. Wood threw upon 
the screen a number of slides showing in magnified form the 
surface of the newsprint in customary use by some of the best- 
known publications and the impression made on the paper by 
the inked printing plate. In explaining these slides Mr. Wood 
said: 

These microphotographs were made with the view of uncovering 
some of the secrets of newspaper printing which do not present 
themselves to the naked eye, but are wrapped up in the too-seldom- 
viewed realm of the microscopic world. 

This final set of pictures was preceded by experiments to determine 
the manner of selecting specimens, the most suitable method and an- 
gle of lighting, and the proper degree of magnification. 

In selecting specimens we chose the clearest and best-printed 
area in each publication used. This section was from the felt, 
or smooth, side of the paper in all cases; thus, with surfaces shown 
being quite uneven, it is very evident that the screen side of the 
paper presents an extremely rugged surface to be printed upon. 


For surface lighting of these specimens an angle of 17 deg. was 
used. In experimentation, angles as low as 7 deg. were used, but 
these low angles gave too much apparent depth to the irregularities. 
Knowing the angle of lighting and measuring the length of shadow 
cast on the print, it is possible to calculate the magnitude of the 
irregularities. In the cases where translucent lighting was used, 
the source of illumination was placed beneath the specimen, so that 
the varying degrees of transmitted light gave a good picture of the 
relative paper thickness of different areas, the coverage of the ink, 
and the size and distribution of sulphite fibers. The size of fiber is 
seen from the distance between the minute parallel lines, which 
parallel lines indicate a fiber of tubular construction. 

The magnification used is 30 diameters. Smaller magnifications 
showed too little detail, while larger magnifications presented un- 
important factors, showed too little area for a proper perspective, 
and presented difficulties in focusing both the high and low spots of 
the paper's surface. 


Some of these photos are reproduced herewith on the same 
scale, and they are described by Mr. Wood as follows: 


1 Microphotograph of The New York Times newsprint showing 
long, fairly straight fibers on a surface having many small distributed 
irregularities. 

2 Another picture of the same specimen with the light underneath. 
The varying degrees of opacity indicate different thicknesses of 
paper and more or less coverage of the ink. 

3 This microphotograph of newsprint used by The Chicago Daily 
Tribune shows a rather high content of sulphite fibers which are 
coarse and not thoroughly divided. 

4 The poor distribution of fibers is clearly seen in this translucent 
exposure; note the light spot (thin paper) at the bottom of the 
“Y.”’ (This is the same specimen as shown in 3.) 

5 This microphotograph of The New York World's newsprint 
demonstrates how uneven a surface is presented for the deposition 
of an ink film of the order of 0.0001 in. or less. 

6 This is a microphotograph of newsprint used by The New York 
American. Even though this picture shows good coverage of the 
ink, the path of long fibers can be easily traced through the printed 
arens. 

7 Microphotograph of a specimen of The New York Telegram's 
newsprint, showing a light coat of ink through which white fibers 
and depressions are plainly visible. 

8 Microphotograph of newsprint used by The New York Herald- 
Tribune, showing the uneven surface presses are forced to make 
impressions upon and the ink-resisting properties of sulphite fibers. 

9 This microphotograph shows the quality newsprint developed 
for The New York Daily News, which indicates less sulphite, and 
therefore permits better printing. 

10 This newsprint used by The New York Sun shows a fairly 
smooth surface despite many long and rather coarse fibers, as will 
be noticed in the central part of the microphotograph. 

11 The newsprint shown in this microphotograph is that of The 
New York Evening Post. The projection on the left hand side of the 
“‘o”’ shows up an imperfection in the linotype matrix. 

12 This microphotograph of a specimen of The Saturday Evening 
Post's paper shows a very smooth surface, but one of less absorbency, 
as evidenced by the ink squeezed over the edges of the characters on 
the top points of ‘tu’ and “‘y.”’ 
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Evolution of Today’s Newspaper Press 


By JOHN R. TOMLIN,' NEW YORK, N. Y. 


T is our belief that the many representatives of prominent 
I press manufacturers present will disclose valuable informa- 

tion out of their personal experiences in the printing art. 
Therefore prudence suggests that we confine this paper to the 
experiences of the Hoe organization, and we will only briefly 
touch on those historical events which lead to our day. 

Among the innumerable curious phenomena found in the 
history of the art of printing, none more forcibly engages the 
attention than the comparative or contrasting conduct of the 
quarrelsome founders of the art and our peaceful selves. Al- 
though engraving, which is inseparately associated with print- 
ing, was known in the twelfth century, we hurriedly pass on to 
the fifteenth century and find Johann Gutenberg enjoying the 
reputation of inventor of printing, but not without dispute. 
In 1455 we visit the court house and there find in progress a 
law suit, known as the case of Fust vs. Gutenberg, in which 
Fust is calling Gutenberg to account for not having produced 
nor printed anything. A very broad accusation of course. 

We then leave the litigious atmosphere of the court house; 
but in 1461 we run into Albrecht Pfister, who tells us that he 
is the originator of good printing and that neither Gutenberg 
nor Fust knows anything about printing. One of our contem- 
porary brother engineers, in a spirit of levity, we fear, has sug- 
gested that only Pfister could then produce good printing, be- 
cause this fellow Pfister claimed that he alone employed patented 
chrome-plated and diamond-studded ball bearings in his ‘‘late 
news device.” 

Since the old fellows seem to lack our present-day magnanimity, 
let us leave them to their own resources and immediately take 
up our participation in the development of the modern news- 
paper printing press. 

In 1803 the initiatory existence of the Hoe organization was 
evidenced by a small shop located on Gold street, New York 
City. This shop was equipped to manufacture wooden hand 
presses of that day. From this humble incipiency R. Hoe & 
Co. grew by leaps and bounds, constantly contributing new in- 
ventions to the printing art; and since these contributions are 
far too numerous to read tonight, we will pass over all of them 
until 1871, when Hoe produced a commercially successful stereo- 
type newspaper press, which press comprised two pairs of type 
and impression cylinders, the columns being disposed axially 
of the cylinders. It also employed a chopping blade folder. 
It was fed from one paper roll, and printed and folded up to 
18,000 papers per hour, which speed, compared with the speed 
of the hand-fed machine of the day, was, of course, considered a 
marvelous accomplishment. 

The next step toward higher speed came in 1881, in the in- 
vention of the so-called former. This former consisted of a 
metallic triangle over which the paper was led and there received 
its first fold. The use of this former made it necessary to arrange 
the stereotype plates so that their columns extended around the 
cylinder instead of axially thereon. The provision of this former 
rendered it possible to secure a speed of 24,000 papers per hour 
with the then existing width cylinders, in which the type cylinder 
was provided with two plates around and two plates abreast. 
The maximum output was an eight-page paper. 


' Executive Engineer, R. Hoe & Co., Inc. 

Presented at the meeting in New York, N. Y., on February 7, 1929, 
of the Printing Industries Division of THe AMERICAN SociETY OF 
a ENGINEERS, under the auspices of the Metropolitan 

tion. 


Inasmuch as a freshly inked paper was drawn over the former 
without smutting, it is manifest that the principle of the so- 
called “air film’’ or “air skin’’ was known and understood many 
years ago. It would seem that any claims to scientific discovery 
which are based upon recent investigations along this line tend 
to approach a form of supererogation that could have been avoided 
by the realization of the fact that we all have access to the same 
kind of air. 

It has been elsewhere suggested that printing press manu- 
facturers have heretofore avoided the use of bar sheets, because 
“air film,” or the “air lubrication” principle, was not under- 
stood. Our experience does not teach us to avoid bar sheets 
in fear of web breakage by bar resistance; but rather to avoid 
them when possible because their use increases the number of 
ribbons to lead, makes threading slower, occasions extra care 
and attention to slitters, and requires extra care in properly 
setting them. 

There was soon a demand for larger size newspapers, and re- 
sponsive to this demand the double-width cylinder presses were 
next contributed to the art by Hoe. The plate cylinders, in 
this type of press, had two plates around, but they were pro- 
vided with four plates abreast, or in alignment relative to the 
axis of the cylinder, giving a total of eight plates on each cylinder. 
The speed of this double-width press averaged 12,000 cylinder 
revolutions per hour. It was found that after these presses 
were run for some time, the printing was not uniform, so-called 
“streaks” appearing in the printing matter. These streaks 
paralleled the axis of the cylinders. This, of course, presented 
a major problem, but by careful investigation and thorough 
experimentation, it was discovered that the streaking was caused 
by looseness in the cylinder bearings which permitted the cylinder 
to “dip” or ‘gutter’? when the impression cylinder passed over 
the margin spaces between the plates on the plate cylinder. 

In 1880 Hoe designed a three-part cylinder bearing which was 
arranged to take up any play that existed in the bearings. While 
this helped to overcome the streaking in the printed matter at 
normal speeds, they unfortunately appeared again at the in- 
creased speed of the press. 

In 1889 a Hoe invention, shown in patent No. 408,393, per- 
mitted the staggered disposition of the plates on their cylinders. 
This invention consisted of placing the plates on the rear half 
of the plate cylinder 45 deg. ahead of the plates on the front 
half. The blanket openings in the impression cylinders were 
of course correspondingly staggered. By this arrangement the 
points of interruption to the peripheral continuity of the ap- 
plied plates by the existence of the ‘“‘plate gutters’ coincided 
axially with the uninterrupted portions of the adjacent plates, 
thereby providing a continuous rolling contact between the 
plate and impression cylinders. This prevented streaking and 
rendered it possible to run the press at a very high speed. 

One unit of a double-width press could print an eight-page 
paper, but it was necessary to transfer the half of the web po- 
sitioned at the rear of the cylinder to the front portion thereof. 
This led to the invention of the Hoe “‘turning bar,’’ the principle 
and operation of which is now well known and is disclosed in 
patent No. 212,444, granted in 1879. 

In 1887 Hoe built the first so-called quadruple press, which 
was composed of two printing units disposed at right angles to 
each other in operable association with a double folder. This 
press was able to print up to two 16-page papers in book form at 
one revolution of the cylinder. 
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In the same year Hoe developed the so-called combination 
cutting and collecting cylinders. (See patent No. 652,817.) 
This device made it possible to collect papers printed on the 
cylinders with the plates diametrically disposed, or two plates 
around. 

The first rotary web press delivered the papers after they 
left the folding rollers by employing a cylinder and cooperating 
tape and grippers. While these devices were apparently op- 
erating satisfactorily, Hoe developed the so-called ‘‘fan delivery.” 
(See patent No. 269,021.) With this arrangement the printed 
and folded newspapers were dropped into rotating fans having 
blades of such configuration as to place the folded papers on 
a delivery belt which cooperated with the fan. At first a four- 
blade fan was employed, but when the speed of newspaper presses 
increased to 36,000 papers per hour, eight blades were substi- 
tuted, and in the Hoe super-speed presses having a speed of 
50,000 papers per hour, ten-blade fans were used. 

In 1889 Hoe constructed the first sextuple or 48-page press, 
and this press consisted of three printing units and one double 
folder. With this press it was possible to print 48,000 12-page 
papers in book form per hour, or 24,000 24-page papers in the 
same form in the same time. 

In 1895 Hoe built the first octuple press. This press con- 
sisted of four 16-page printing units, with one double folder, 
and could print 48,000 16-page papers, or 24,000 32-page papers 
per hour, all in book form, and up to 12,000 64-page collected 
papers. 

From 1895 to 1907 larger presses were built, including ‘double 
sextuple,” ‘double octuple,”’ and other presses of various de- 
signs, but we should say 1908 marked the beginning of the era 
of high-speed printing presses. 

In this year Hoe conceived, designed and built the high speed 
camless folder, which permitted papers to be folded at any speed 
at which a press could be run. This folder was operated with 
an experimental press on which papers were printed and folded 
accurately up to speeds in excess of 60,000 papers per hour. 
It included an internal gear and an external gear, both gears 
being provided with bearers on the pitch line diameter, so that 
the stresses developed by centrifugal force would be absorbed, 
thereby insuring uniform bearing load irrespective of operating 
speeds. As the speed was increased, it became necessary to 
strengthen the operating components and supporting structure 
of the folder. Increased speed also necessitated contour changes 
in the fan blades, for as the speed increased and the product 
became heavier, centrifugal action imposed duties on the fan 
that were not apparent at lower speeds and with small products. 
However, by shaping the fan blades so that their operative por- 
tions took on contours which had definite relationship to both 
radial and tangential lines with respect to the fan axis and circles 
concentric therewith, we were able to cope with the require- 
ment of high speed and heavier products. By increasing the 
number of blades as the speed requirements increased, we were 
able to secure more uniform disposition or delivery of the folded 
product. 

While it was now possible to run the folder at any required 
speed, a serious limitation to high speeds existed in the mode 
of ink supply. In those days the ink was supplied by means of 
a “ductor roller’ which moved in a limited arcuate path of 
travel and which was interposed between the source of ink supply 
and ink delivery. At one terminal of this path the ductor roller 
engaged the “fountain roller’ which was driven at a speed of 
almost zero. Upon disengagement from the fountain roller the 
ductor swung to the opposed terminal of its path of travel to 
engagement with the ‘ink cylinder,’ which cylinder was driven 
at a greatly increased speed. This violent acceleration and de- 
celeration of the ductor roller produced objectionable vibratory 


knocks; therefore it was obvious that this method of ink supply 
did not lend itself to higher speeds. 

Many experiments were than conducted by Hoe in attempts 
to find better means of supplying the ink. Your patience will 
not be taxed with a recitation of the details concerning the seem- 
ingly endless ‘and at times discouraging tasks, but the purpose 
of this paper will be served by the impartation of the knowledge 
that our efforts were finally rewarded in the perfection of the 
ink-pump system. 

With this system an accurately predetermined quantity of 
ink is fed to each column of the page, and inasmuch as each 
column has its individual pump, a supply of ink is positively as- 
sured. If any extraneous matter should find its way into an 
ink line, the force assured by its individual pump would auto- 
matically clear the line. In order that each impulse of the 
pump would supply an accurately predetermined quantity of 
ink, a float valve arrangement was provided to maintain the ink 
at a given height in the pump reservoir. Therefore each pump 
plunger during its intake phase communicated with a predeter- 
mined fluid head, thus insuring uniform delivery impulses. 

The next problem for solution was to determine the specific 
mode of ink application, and this was solved by the adoption 
of the ink rail. This rail has an extensive arcuate surface which 
is shaped and accurately ground to conform to the peripheral 
contour of the ink cylinder, and is adjustably spaced about 
0.003 in. or more therefrom. A throat space or chamber is then 
provided at the outer terminal of each discharge conduit. The 
dimensions of the chamber are determined with definite relation 
to the character of the fluid to be pumped, but providing for 
liberal variation in the characteristics of such fluid. By this 
arrangement a conduit and equalizing chamber is interposed 
in each ink line between the pump and the ink cylinder. Ow- 
ing to the viscosity of all commercial printing inks, this arrange- 
ment produces a hydrodynamic lag in the equalizing chamber, 
with the result that this chamber contains a constant supply 
of ink so that the intermittent impulse of the ink plunger is 
substantially eliminated at the point of actual supply. Now, 
since the ink supplied to the rail is sufficient to build up a re- 
serve in the rail through the equalizing chamber, the inherent 
attractive action of the rotating cylinder satisfies the ink de- 
mand of the cylinder at the inlet side of the arcuate orifice, but 
also leaves a residue in the equalizing chamber, thereby insuring 
a constant supply of ink of uniform thickness to the cylinder 
at the discharge terminal of the ink rail. 

From this point it is a relatively easy accomplishment to 
properly distribute ink to the plate cylinder, and inasmuch as 
all modern forms of ink distribution embody the same generic 
principle, we will not here burden you with these details. 

With the Hoe pump system, each column of each page is posi- 
tively supplied with ink, and the quantity supplied to each 
column can be controlled by simply manipulating a control 
screw placed at the side of the press. Provision is also made 
for controlling the ink supply to a complete page; and by merely 
operating a valve, which is conveniently located, the entire 
page supply is cut off. The operation of cutting off the ink 
supply to a page does not affect the column settings; therefore, 
when the valve is manipulated to again furnish ink to this page, 
no additional column adjustment will be required. Our ex- 
perience with ink pumps leads us to believe that they are capable 
of successfully supplying ink at any required speed. In this 
connection it is thought if there is any limitation to higher speed 
in the ink system, it probably resides in the inability to retain 
the ink on the rollers and cylinder during distribution rather 
than any limitation in the pump itself. 

The tendency toward high speed caused us next to look to 
our web run. It was apparent that its mode of operable asso- 
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ciation with other components of the printing press demanded 
assured synchronism. Hoe also realized that the function of 
drawing the web from a roll and the functions of printing were, 
in a measure, opposed, but we did not indulge in the fallacious 
theory of extreme web weakness. More than thirty-five years 
ago Hoe conducted experiments on web strengths, and succeeded 
in installing a press which was driven by a 15-hp. steam engine 
by exerting excessive tension on a 71-in. web. 

Among the many experiments conducted in connection with 
web runs, there was tried in 1903 a feeding device which con- 
sisted of three rollers positioned in advance of the printing couple 
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cylinder into two zones. One was termed the “wrap zone,” 
to which was assigned the function of pulling the web; and the 
other the “bite zone,” in which, of course, the printing operation 
was performed. Thus the opposed functions of feeding and 
printing were performed on a single member, thereby obviating 
the necessity of interposing driving mechanism. A disclosure 
of the form of this arrangement may be seen in patent No. 1,640,- 
355. 

As the speeds increased, the demand on the cylinder bearing 
became more exacting and in 1915 Hoe mounted solid forged- 
steel cylinders on roller bearings of their design. In 1925 these 
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and driven at a peripheral speed which approximately equaled 
the peripheral speed of the plate and impression cylinders. The 
web was run over the top roller and under the two cooperating 
lower rollers and then to the printing unit. This arrangement 
worked satisfactorily for a time, but it could be no more accurate 
in its operation than its driving mechanism, nor could it readily 
compensate for variation in blanket thickness. The realiza- 
tion of its limitations led Hoe even into further research, and it 
was then discovered that if a predetermined are of the periph- 
ery of the impression cylinder was assigned the specific task of 
drawing the web along, and if the required portion of the same 
peripheral surface was assigned the function of printing, the two 
functions could be operably segregated, and with the added 
advantage of positively insuring synchronism, inasmuch as 
both functions were consummated by a single operating instru- 
mentality. 

As a result of these experiments, Hoe abandoned the feed 
rollers and divided a portion of the periphery of the impression 


bearings were replaced by roller bearings of a novel stagger 
arrangement, the detailed advantages of which may be ob- 
served in patent No. 1,563,487. This led to improvements 
in frame design and unit arrangements, which in turn led to 
numberless other improvements in the art, but which for lack 
of time cannot be given here. 

Some insight, however, into the progress of newspaper print- 
ing press manufacture during the last twenty-five years may be 
gained from a disclosure of Hoe’s activities in the art. During 
this period the Hoe organization not only consistently met the 
rapidly growing demands of the publisher, providing him with 
many thousand printing press units together with their multi- 
farious equipment, but it has also pioneered into the field of 
research and experimentation as evidenced by the existence of 
thousands of Hoe’s patents. On the teachings of these patents, 
the entire newspaper printing press industry has been built. 

In 1927 the Hoe organization was confronted with a problem 
of producing a newspaper press for a Japanese publisher, and 
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among the requirements for this press was the necessity for 
producing very high speed printing on a type of paper peculiar 
to the Japanese commercial use. This press was delivered to 
the Japanese publisher in 1928, and has been run successfully 
to a speed of 60,000 papers per hour. Its printing was subjected 
to the most severe microphotographic test by the Hoe research 
department, and in spite of the excessive speed and the severe 
requirements of the peculiar type of paper employed, the char- 
acter and quality of the printing compared favorably with that 
done at slower speed. 

As the evolutionary progress was being made in the improved 
design of the press it was also becoming increasingly apparent 
that the modern economic trend had begun to demand some 
serious consideration of floor space conservation. In anticipa- 
tion of this trend, Hoe has designed, built, and commercially 
distributed a new type of press, and it is our conviction that 
the Hoe Super-Production Newspaper Printing Press lends it- 
self to the satisfaction of the most exacting demands for an 
ultra-modern newspaper press. (See Fig. 1.) 

The creation of the Super-Production Press imposed the neces- 
sity of diligent and rigid application, by the Hoe research and 
engineering departments, because, although its fundamental 
requirements resided in floor space conservation, it was neces- 
sary that this machine embody all the attributes of an ultra- 
modern newspaper press. 

Each unit of this press comprises two superposed, horizontally 
disposed printing couples, to which ink is supplied by the Hoe 
patented ink-pump system. The cylinders are supported in 
an exceedingly heavy frame, and its mass is so distributed that 
both lateral and longitudinal frame rigidity is insured. The 
speed obtainable with this press suggested still further improve- 
ments in our cylinder bearing design, and to this end the Hoe 
rigid visually indicating micrometer-impression-adjusting stag- 
ger-roller bearings have been invented. These bearings are 
now furnished with the Super-Production Press, and as soon as 
the arduous task of the Patent Office permits it to issue this 
patent, a complete disclosure of the bearing will be made. 

An aisle space is provided between each unit, and every com- 
ponent is arranged so that the assembled press successfully lends 
itself to most exacting modern demands for floor space conser- 
vation, short leads, fewer web breaks, quick threading, vibra- 
tionless performance, simplicity of operation, convenience and 
economy in maintenance, long operative life, high speed, and 
assured greater net production. 

The possibilities of the speed obtainable with this press again 


caused us to look to our folder, and while it embodied every 
generic principle for permitting the attainment of probable 
future speeds and the handling of heavier products of the future, 
it was deemed advisable to improve the details of some of its 
components and to reinforce individual parts. 

It was thought that a paper of this character essentially de- 
mands some discussion concerning frame material for modern 
high-speed newspaper printing presses. In some quarters there 
exists the conviction that the modern printing press frames 
should be formed of steel, while on the other hand there is ex- 
pressed the equally emphatic opinion that cast iron is best suited 
to this purpose. In comparing the tensile strengths, elastic 
limits, reduction of areas, elongation, and moduli of elasticity 
of steel and cast iron, it would seem that steel is certainly prefer- 
able for use in the type of machinery where both strength and 
lightness of construction are required. Again, the use of steel 
should prove advantageous in devices where strength alone is 
a prominent consideration, and in certain types of portable ma- 
chinery the use of steel is mandatory. 

Nevertheless, the modern newspaper printing press presents 
a problem peculiar to itself. In the design of the newspaper 
printing press frame it is mandatory that sufficient frame strength 
be provided to insure safety in operation and to embody the re- 
quired rigidity. Now if the requirements stop here, the prob- 
lems would be solved by simply using steel because of its known 
superiority in strength, but unfortunately this is not the com- 
plete problem. In the design of the modern newspaper printing 
press the mass ratio between the operating components of the 
press and their supporting structure should be such that the 
supporting frame is allotted the required mass preponderance. 
Knowing this, if we make the frame of steel, the required strength 
is provided, but unless more steel than is required for strength 
is employed (resulting in excessive cost to the purchaser), we 
lack sufficient frame mass to absorb vibration set up by the 
plate weight variations not within the control of the press builder. 
On the other hand, if a high-grade cast iron is employed and so 
proportioned as to produce the required strength, we not only 
have frame strength, but to this is added the advantage of frame 
mass preponderance to aid in absorbing vibrations. 

It is realized that the determination of the relative merits 
of steel and cast iron in the design of press frames, in view of 
recent metallurgical progress, is a problem meriting careful in- 
vestigation, and to this end the Hoe research department is now 
conducting an extensive survey on this subject in collaboration 
with metallurgical authorities and research laboratories. 
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Fic. 1 First Scorr Fioor-Fep Mvuti-Unit Ocrupie Press 
(Installed in Worcester, Mass., Telegram in January, 1911.) 


Press 


By CARL E. DRANGE,! PLAINFIELD, N. J. 


The Modern High-Speed Unit Newspaper 


example of engineering skill, not only in ingenuity of its 

mechanical motions, but also for its reliability. There are 
many one-press newspaper plants in this country which depend 
entirely upon a single machine for the regular daily issue, but 
failure to publish is very rare. 

It is our experience that the modern newspaper press is the 
result of practical ideas originating in many minds. Its de- 
velopment is not due to any one person or organization. It repre- 
sents the work of the entire trade and is the result of evolution 
rather than revolution. 

While there has been no such outstanding achievement in 
recent years as the successful attachment of the first folder to a 
rotary newspaper press and the invention of the angle bar (both 
originated by the late Mr. Walter Scott), or the application of 
the triangular former to newspaper folders and the invention of 
staggered printing cylinders (both originated by the Hoe organiza- 
tion), there have nevertheless been many important changes and 
improvements in design. 

It is our opinion that the modern newspaper press developed 
with the unit idea of press construction. Broadly speaking, what 
we call the unit idea of newspaper press construction covers not 
only the arrangement of all printing units at a uniformly con- 
venient level, dispensing with climbing for plating, etc., as well as 
the hoisting of paper rolls, but it also includes the very important 


I BELIEVE that the modern newspaper press is a splendid 


principle of so arranging large equipments that they can be di- 


' Assistant to the Management, Walter Scott & Co. Assoc-Mem. 
A.S.M.E. 

Presented at the meeting in New York, N. Y., on February 7, 1929, 
of the Printing Industries Division of THe AMERICAN Society oF 
MECHANICAL ENGINEERS, under the auspices of the Metropolitan 
Section. 
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vided into varying groups depending upon the number of pages 
to be produced at the moment, thus realizing always the maxi- 
mum capacity of every equipment. This was first put into full 
practice in the original Scott Multi-Unit Press installation at 
The Detroit Evening News. It eliminates the idle decks that 
were an almost inseparable part of the decked type of press 
whenever less than the maximum number of pages were printed. 

While there were suggestions of unit newspaper press construc- 
tion in some earlier machines, and without any desire to take 
away any credit that is due to others for théir part in the inaugura- 
tion of the unit press, it is our opinion that the modern unit press 
arrived with the installation of the first Scott Multi-Unit octuple 
press, in the plant of The Worcester (Mass.) Telegram, early in 
1911. In calling this the first successful unit press in operation, 
I am using the word “‘successful’’ in the sense that this is the 
first type of unit press that has not only remained in continuous 
use in the plant where it was originally installed, but is of a type 
that is still modern, not in any sense obsolete, and that still fills 
a certain definite field to perfection. This press is shown in 
Fig. 1. 

There was some delay in the general adoption of the unit press, 
due principally to the fact that the decked press was thought to 
occupy less pressroom space; and some little time was required to 
demonstrate that the floor-fed model of Multi-Unit press and the 
under-fed models of both Multi-Unit and Straight-Unit presses 
actually save pressroom space. The under-fed model, particu- 
larly, doubles the pressroom area and separates the raw materials 
from the finished product, which to our minds is one of its very 
important advantages. It is true that the printing and folding 
portions of the decked press occupied less area than the printing 
and folding portions of similar capacity unit presses, but the 
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decked presses require so much additional space for handling the 
paper that it is actually uneconomical in pressroom area as com- 
pared with the unit press. As soon as this was demonstrated, 
the adoption of the unit idea became universal. 

Walter Scott & Co. have developed the two types of unit 
presses previously referred to, that is, the Multi-Unit and the 
Straight-Unit press, each having certain advantages. The dif- 
ference between these machines is the unit arrangement. In the 
Seott Multi-Unit press the units are arranged with their cylinders 
lengthwise of the press and each four-page-wide web is slit into 
two-page-wide webs immediately after printing. There is a 
double set of angle bars and compensators so arranged that any 


inset or varied products of many pages, because when angle bars 
are used in this type one-half of each four-page-wide web must 
turn over two angle bars while the other half of each web does not 
run over any bars, which at once alters the web conditions. The 
Multi-Unit press is shorter but somewhat wider, while the 
Straight-Unit press is narrower but longer. These two types of 
unit presses solve in a thoroughly satisfactory manner every 
pressroom problem we have encountered. 

In the modern unit newspaper press great importance is 
naturally centered in the unit itself, because upon its design 
largely depend the accessibility and efficiency of the machine. 
The Scott unit is of the floor-operated type, no climbing whatever 


Fic. 2. Scorr Straicut-Unit Press 
(Showing a typical equipment of underneath-fed unit press.) 


two-page-wide web may be directed to any folder in proper regis- 
ter by a single quarter turn over one angle bar, and all webs are 
always treated alike. This press arrangement lends itself admir- 
ably to the production of many varied runs—particularly inset 
products of many pages and unevenly sectioned associated prod- 
ucts—and gives this machine a versatility not obtained so far 
by any other method. The Multi-Unit press is usually arranged 
in a double-line row. There are two main drive shafts and each 
folder is individual. This provides emergency and break-down 
service that is not found in any other type of press. 

The Straight-Unit press has its units arranged with the cylin- 
ders crosswise of the press similar to the principle of the decked 
- type of press and the folders are in line with the normal web run. 
This machine lends itself best to such products as do not require 
the use of angle bars, but is not quite as favorable in operation on 


being necessary for ordinary operations. Both plate cylinders are 
plated from the floor at the same convenient level. The unit 
frame is in the form of an open arch, the horizontal member of 
which is 20 in. deep, and the sturdy legs are each 10 in. wide. 
No center leg is required, leaving the frame open for threading 
the web, access to the rollers, etc. The printing cylinders are 
arranged in an are and the unit occupies only 5 ft. in length. 
The Scott under-fed unit is, at once, the shortest and the most 
accessible floor-operated unit in existence, and conserves press- 
room space without the necessity of reverting to what might be 
called a decked unit, in which one plate cylinder of each unit is 
elevated and plated from a platform. A Scott Straight-Unit 
octuple press, with underneath paper feed and intermediate 
folder, is shown in Fig. 2. 

The printing cylinder construction and mounting in Scott units 
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is important. The printing cylinders are solid forgings, of high 
carbon steel, properly heat-treated, machined to great accuracy, 
and carried in extra-close-fitting precision roller bearings. This 
construction was adopted by us over six years ago, after we had 
thoroughly tested out in actual commercial service every form of 
printing cylinder construction and all sorts of bearings. We have 
proved to our complete satisfaction that with the construction 
and clearance details we adopted, the solid steel cylinders in 
precision roller bearings provide the best printing conditions. 
There is no streaking or uneven printing under the most severe 
conditions and speed. Many of our presses that have been in 
use for five or more years have printed more than one hundred 
million revolutions on each printing cylinder, and it is not yet 
possible to measure the wear with instruments registering to the 
one ten-thousandth part of an inch. No take-up is necessary or 
provided, because these bearings apparently last indefinitely while 
maintaining their minimum clearance; and it has not been neces- 
sary to replace a single one of these bearings during the past six 
years, although there are some thousands in daily operation. No 
plain bearing that we have seen has ever approached this per- 
formance. 

The impression adjustment of Scott presses is in a straight line 
actuated by powerful wedges, which avoids the danger of moving 
the line of printing contact out of parallel with the cylinder axes. 
For this important reason, we consider the straight-line adjust- 
ment superior to the eccentric adjustment, which moves the 
cylinder in a circular path. 

Much consideration has been given to inking systems and par- 
ticularly to devices for eliminating the ductor roller, but all the 
devices so far introduced for this purpose have unsolved problems 
of their own that are not present in the ductor. We have there- 
fore preferred to concentrate on improvements in the actuation 
of the ductor roller, and we have developed our cam action to 
such a degree that we now get no variation whatsoever in the 
ink feed, and the slow-motion copies are as perfectly printed as 
those run at the highest, or at any intermediate speed. This 
has been made possible partly by the development of the im- 
proved ductor mechanism and partly by the distributing system 
we employ. We use two ink drums, both of which vibrate. The 
ink from the fountain is ducted to the lower vibrating cylinder, 
thus spreading the ink in its first contact, and no raw ink ever 
reaches the drum which charges the form inking rollers with 
ink. Between drums we use two 6-in. transfer rollers, which 
arrangement makes this roller adjustment less critical, covers any 
surface defect that may occur in these rollers, and trebles the ink- 
carrying capacity of the usual transfer roller. There are nine 
vibration contacts in the Scott ink distribution, and of these we 


‘consider the most important the two vibrating contacts against 


the form rollers. All the other rollers and cylinders are in com- 
plete contact with each other, but the form rollers lose ink only 
on spots of their surface corresponding to the type matter or 
illustration on the printing plate, and this leaves a full film of 
ink on the form rollers opposite the blank spots on the printing 
plate. In our opinion, the respreading of these uneven spots on 
the form rollers is of the utmost importance in securing a con- 
tinuous, uniform application of ink to the plates. We also pro- 
vide ample ink-carrying capacities in the cylinders and rollers 
which permit the distribution to supply the heaviest form uni- 
formly between ducts. 

The folder has been aptly called the “heart” of the press. 
Each unit prints on only one web, and the work of each unit is 
therefore the same whether 8 pages or 64 pages are being pro- 
duced; but the folder must be able to handle light or heavy 
products from whatever number of units are grouped together. 
The present-day many-paged newspapers compel “collect” runs 
in many more instances than formerly. In fact, some news- 
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paper plants rarely run other than collect. Collecting brings 
together two differently printed sections which normally follow 
each other. 

The usual folder consists principally of two cylinders—a knife 
cylinder with a circumference of one sheet length and a folding 
cylinder with a circumference of two sheet lengths. When a 
collect product is run, the first section is taken by pins on the 
knife cylinder and carried around the knife cylinder until its 
leading edge meets the second section. At this point the cylinder 
pins withdraw and other pins on the folding cylinder pierce both 
sections and carry the combined product to the folding rollers. 

The Scott folder has a knife cylinder of a circumference equal 
to two sheet lengths and carries two knives which may be dia- 
metrically opposite, or slightly offset. The folding cylinder, 
which is of steel, has three sheet surfaces with three sets of pins. 
The knife cylinder carries no pins; the collecting is done by the 
three-surface folding cylinder. There is no transfer whatever of 
cut sheets or sections from one set of pins to another. This 
eliminates all danger of chokes in the folder caused by incomplete 
or imperfect transfers. These features permit the operation of 
the folder at full speed whether running “‘straight’’ or ‘‘collect.”’ 
The inside section is cut shorter than the outside section, which 
materially improves the appearance of the folded product. Ro- 
tury folding blades have proved thémselves the best solution for 
modern high-speed folding, and this type of blade had been used 
by us for many years before its general adoption. 

Another important advance over normal practice is in our 
control of the printed web between the unit and the folder. In- 
stead of using geared, corrugated rollers with a surface speed but 
slightly greater than the web speed, and with a heavy trolley 
pressure in the drag roller to pull up the webs, we use relatively 
high-speed, smooth rollers with a light spring trolley pressure on 
each individual web, and instead of pulling the sheets hard with 
the drag roller, we propel each web to the drag roller. This natu- 
rally relieves the drag and nipping rollers of much of their work. 
These trolley systems are interposed more frequently on the 
longer web runs. By this method we are able to keep the printed 
webs uniformly taut regardless of web length or of press speed. 
We find that this system of printed web control reduces web 
breaks, and by eliminating sagging and sidesway of the running 
webs, holds the webs in correct register. 

The paper feed to the press presents some very interesting 
problems. The impression cylinders are clothed with blankets, 
usually one of rubber or cork and one of felt, possessing the re- 
quired resiliency to produce a satisfactory impression from com- 
mercial stereotype plates which are very slightly inaccurate in 
surface. These blankets stretch out and beat down and become 
thinner in service so that the impression cylinders are not always 
the same size. The printing action of the type against the yield- 
ing blankets has a slight crimping action on the paper; which, 
if the paper is actually fed without tension, results in the printing 
cylinders consuming a greater length of paper for each revolution 
than the cylinder circumference measures. Also, if the web does 
not lie snugly against the blanket, the print is apt to be blurred. 
Therefore, sufficient tension to hold the paper snugly against the 
blanket and to prevent excessive paper passing through the 
cylinders is imperative; otherwise, the paper floods through the 
press, causing many other troubles. All pressmen are acquainted 
with the difficulties of insufficient tension. 

We use an invention of the pressroom foreman of The New- 
ark (N. J.) Evening News, Mr. Thomas J. Jones, who improved 
and perfected an earlier invention of the late Mr. Walter Scott. 
In the Jones automatic tension the action of the running web it- 
self is used to regulate the braking effect on the roll from which 
it is being unwound. A floating roller of variable weight rides on 
the web, forming a loop in the path of the web. If, or when, the 
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roll of paper feeds too much web, the floating roller lengthens its 
loop, keeping the surplus from going to the press, and at the same 
time it increases the braking effect on the roll. If the roll of paper 
does not give out enough web to supply the press, the floating 
roller decreases its loop, giving up the additional paper required 
by the press, and at the same time it correspondingly reduces the 
braking effect on the paper roll. It is provided with a device for 
insuring a square pull on the web and with a dashpot to dampen 
violent motion of the floating roller. The weight of the roller 
can be varied to suit the web width and the amount of tension 
desired. The Jones automatic tension, once set, maintains a 
uniform tension regardless of the size or shape of the roll or of the 
speed of the press. It enables ‘‘red button’’ stops to be made 
from the highest speeds, and the press to be accelerated more 
rapidly, without breaking any web. Because of its uniformity, 
a lighter tension than is otherwise necessary is used, which re- 
duces web breaks materially. 

A new development is the application of Jones automatic con- 
trol to a three-roll non-spindling reel. We have had an experi- 
mental reel of this type in daily operation at The New York 
Herald-Tribune for the last eighteen months, giving perfect per- 
formance and satisfaétion. Our new reels with Jones automatic 
tension control will soon be in operation in the plants of The New 
York Evening Post and The Newark Evening News. 

Coming to speed, I should say at once that mechan- 
ical speed is comparatively easy of attainment, and that oc- 
casional high-speed runs have been made on Scott presses for 
many years. For instance, during the national political cam- 
paign of 1912, the news of the attempted assassination of the late 
Theodore Roosevelt reached The Los Angeles Express just as they 
were going to press with a bull-dog edition. They connected both 
50-hp. motors of a Scott Multi-Unit octuple or four-unit press 
in parallel to drive only two of these units, cut in extra field resis- 
tance to increase the motor speeds, and their records show that this 
press delivered 22,000 16-page newspapers into their mailroom in 
half an hour, running at about 50,000 per hour speed. 

However, our particular aim has been the development of the 
press to the point where extra speeds are thoroughly practical 
for everyday use in every newspaper pressroom. Every press 
manufacturer has many records of splendid production obtained 
here and there. Such records while highly pleasing are of little 
real value to the newspaper publisher who must set his press- 
room time table on the basis of the actual average production that 
he can definitely depend upon under all conditions. It is one 
thing to give one press or one edition special attention so it will 
show a high production average; it is quite another thing to oper- 
ate an entire plant and net that same high average production on 
every run every day of the year. Scott presses have therefore 
been conservatively rated. Some three years ago we reached the 
stage where Scott presses were capable of regularly maintaining 
speeds up to 400-cylinder revolutions per minute, and we will 
shortly install new Scott 500 cylinder r.p.m. presses in The New 
York Evening Post, The Newark Evening News, The New York 
Herald-Tribune, and The Boston Herald-Traveler. This new 
Extra-High-Speed double-sextuple press has the new Scott three- 
roll stands with Jones automatic tension control. No photo- 
graphs of these installations are available. 

May I add a few words on other presses, also used by news- 
papers, in which important developments have taken place? 

We have had running for the past four years in The New York 
Daily News plant an eight-couple color press with solid forged- 
steel printing cylinders in extra heavy frames. This machine 
is running regularly at 200 cylinder revolutions per minute, which 
is from one-third to one-half faster than the best previous color 
presses, without any deterioration in quality of product. Time 
does not permit details, but the press can be inspected at any time 


by application to The Daily News plant in Brooklyn, New York. 

We have also recently installed at The Detroit News a new 
heavy-duty high-speed intaglio press with an entirely new drying 
system along original lines that has already demonstrated its 
ability to run in high-quality rotogravure work much faster than 
existing machinery of this class. This press can also be inspected 
at any time by application to The Detroit News. 


Discussion 


CHAIRMAN Water E. Wines.? A list of questions has been 
submitted by the students of the Central Printing Trades 
School, newspaper printing pressmen apprentices. All the 
questions refer to high-speed presses. Will Mr. Wood read 
the questions and reply to them? 

Mr. Woop. These questions have been submitted by the 
Central Printing Trades School, which is being run by the 
publishers in New York, the Pressmen’s Union, and the Board 
of Education, and these apprentices are boys who are employed 
and who get their theoretical instruction in that school, and 
when they have graduated they become journeyman pressmen. 
They are very intelligent fellows who want to know in their 
heads why they are working with their hands. 

The first question is: ‘‘What is the principal cause of the 
impression becoming light as the speed of the press is increased?” 

If your two cylinders are weak and are run at a great speed, 
this bounding away gradually keeps the cylinders farther and 
farther apart, so your impression becomes less. Therefore, 
what is needed in printing, above everything else, is initial 
rigidity; to have your parts so rigged together, your cylinders 
so firmly bridged between one point and the other, that there 
can be no springing away. 

“Is it probable that the blankets have not sufficient time to 
recover to normal thickness between successive impressions?” 

I do not think that has anything to do with it, because the 
impression brings the blanket down to a certain point and it 
stays there. If your cylinders are bumping your blankets, 
then of course your blankets have to recover; but where you 
have initial rigidity they get down to their printing level and 
stay at that level. 

“Is the relatively short period of contact between form and 
impression a factor?” 

With runs at 75,000 an hour, there is '/¢s; part of a second 
in which to print one agate height of type. I have showed you 
that type printed at 75,000 an hour and there was no deprecia- 
tion of the color. 

“To what limits of speed can presses be run under present 
conditions, with reference to ink, paper, and inking roller compo- 
sition, and at the same time produce acceptable printing?” 

It depends on the press; it depends on the inking system, 
on the impression, on the power, and on the initial rigidity of 
your printing. 

“In using inking rollers of rubber composition, is the physical 
property of the roller surface (known as tackiness) sufficient 
to adhere to the ink against the centrifugal forces acting on the 
ink particles?” 

The answer to that question is that we can print at 60,000 
an hour just as well as or better than we can print at a lower 
speed, with rubber rollers. The rubber roller has come to stay, 
and the rubber roller has proved itself most satisfactory. It 
inks well. You have to learn how to set it, and it has to be made 
and polished just right. Then it lasts indefinitely, if it is a good 
roller. A rubber roller keeps itself clean; you do not have to 
wash it. It does not change its set with change in the atmosphere 
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and you do not have to bother with it all the time. It is just 
a question of having a good roller, setting it right, and letting 
it alone. The rubber roller has come to stay, and the compo- 
sition roller will survive only on slow processes. As to “‘tacki- 
ness,”’ it is not tackiness that is needed; the type itself is not 
tacky, but nevertheless it carries a film of ink and holds it. 
So the roller need not be tacky. It only needs to be soft enough 
to throw off the ink on to the plate. 

“Ts the throwing off of ink from the inking rollers on high- 
speed presses due to centrifugal force or to particles shot off 
when the film of ink is split and divides between inking surface 
and roller?” 

At high speeds when the two rollers are separated, the two 
rollers together are splitting a film of ink. As they split a film 
of ink, that film splits into little globules first, then into long 
threads, and the little amount that connects those globules 
is thrown off into the air and becomes ink fog, and it is a function 
of speed. It does not matter whether you run a pair of compo- 
sition rollers or a pair of rubber rollers, the faster you run those 
rollers the more of that ink fog you create. Of course, you are 
bound to get more or less of it in the air. After you have been 
around a very fast press for a while, your handkerchief the next 
day will have to go into the wash and will not come out again. 

“Should the ink used on high-speed presses be heavy-bodied 
or light-bodied, with sufficient coloring power?” 

That is something which Mr. Charles F. Hart* and the rest 
are determining, as to just what body should be carried, what 
medium should be carried. My own belief is that you print 
with the pigment. You do not want any more medium to float 
that pigment than enough to bring it to the surface, to suck 
it in. Any more pigment, medium, or oil that you carry in 
excess of that goes through to the other side of the paper and 
gives you transparency. It also gives you more set-off. So 
that we believe, so far, in a medium ink as the best. 

“What is the best frequency of alternations of current for 
greatest efficiency in neutralizing the effects of static electricity?” 

As a man at our laboratory has said, it is just a question of 
wiping off ions from the paper. The paper comes out charged 
with electricity. Well, you sweep them up, and so the faster 
you do it, the better it is; you get rid of them quicker. We 
had two problems which we had to solve, which were very 
interesting when we came to high-speed operation. The first 
was the resistance of the air around the folding cylinder. That 
we overcame by shaping our mechanism in such a way that the 
currents of air that the folder set into motion went with us and 
helped us to hold the sheet on the folding cylinder instead of 
opposing it. That required a long period of study with pieces 
of silk, candle flames, and other things of that sort. The next 
thing that bothered us was static electricity, and instead of 
fighting it we came to the conclusion that the best thing to do 
was to use it; so static electricity is one of our best friends in 
folding; because it holds our products together, and those 
products come down nicely packed in the folder. Hence it 
does not bother us at all to see long sparks on cold paper run 
into a hot room. 

“Is the speed at which the press is run a factor in determining 
the frequency to be used?” 

Not at all. It has nothing to do with it, because if you run 
it fast enough, it sweeps up these ions; that is all. 

“Is the development of static electricity on the surface of 
the paper due to friction or to intimate contact between the 
surface of the paper and the surface of the impression blanket?” 

It may be made at the mill; it comes down. In cold weather 
the paper is full of it, and it comes from friction. 


* Mechanical Superintendent, The Times, New York, N. Y. 
Mem. A.S.M.E. 
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CuamrmMan Wines. Mr. William C. Glass‘ is an expert on 
static. Will he reply to the last three questions? 

Mr. Guass. “What is the best frequency of alternations of 
current for greatest efficiency in neutralizing the effects of static 
electricity?” The best frequency is 25 to 60 cycles per second. 
Higher frequencies are objectionable because of the charges 
induced in persons or objects in the vicinity of the wires or 
cables conveying the high-tension current to the neutralizer 
bar. These troubles increase as the square of the frequency. 

“Ts the speed at which the press is run a factor in determining 
the frequency to be used?’ The speed at which the press is 
run is a factor in determining the minimum frequency at which 
complete neutralization can be secured. For instance, suppose 
the paper speed is 300 ft. per min. and cycles as low as 20 per sec. 
The paper then moves 3 in. during the period of one cycle. 
One section of 1'/, in. length of the paper is then under the 
neutralizing bar during the time that positive ions are being 
projected to it and another section of 1'/, in. is under the bar 
during the time that negative ions are being projected to it. 
So that even though the influence of the bar reaches out a short 
distance horizontally, the successive sections of the paper are 
not equally acted upon by the two opposing polarities as is 
necessary for perfect neutralization. In other words, streaks 
are left, the same as planer marks on a coarse feed. The width 
of tool on a planer remedies tool marks within certain limits, 
and the horizontal outreach of a neutralizer bar also smooths 
out inequalities of treatment within certain limits, but beyond 
these limits the relation of cycles to speed of paper has to be 
considered. 

“Is the development of static electricity on the surface of the 
paper due to friction or to intimate contact between the surface 
of the paper and the surface of the impression blanket?”’ The 
development of static electricity in paper is due to both friction 
and pressure. Any hammering action also charges it, like the 
keys of a typewriter or striking it with dry hands while it lies 
on a smooth surface of wood or metal. 


James T. Pero.’ My experience seems to indicate that what 
we call a “long” ink distributes better than a “short’’ ink. 
Does that coincide with your experience, and would it have 
any influence on this fogginess of ink in the atmosphere of the 
pressroom? I was wondering if in your experiments in studying 
the different qualities of ink to use, whether you had taken that 
into consideration. 

Mr. Woop. They wanted to find out about that, and they 
tried a “long” ink and a “short” ink, and they found that it 
depended more on the setting of rollers and the setting of the 
fountain, as to what they would get in the way of fog, than on 
the kind of ink they were running. I should say, however, 
that a “long” ink is a good ink. I tried to build a machine 
that would give us the greatest amount of thickness and the 
least amount of oil. 

Mr. Harr. I was very much interested in all this learned 
discussion on the printing press, particularly with that of my 
young friend, Mr. Drange. It was rather amusing to me when 
they claimed the origin of the unit press. Before Mr. Drange 
was born, I saw many of them. 

Mr. Drance. The Campbell press of 1877 was a unit press, 
but they forgot about it and they had it brought forward again. 


Eric H. Laass.* I would like to ask a question with reference 


‘New York Manager, U.P.M.-Kidder Press Co., New York, 
N.Y. Mem. A.S.M.E. 

5 Mechanical Superintendent, The Press-Guardian, Paterson, 
N. J. Assoc-Mem. A.S.M.E. 

* Mechanical Engineer, Cutler-Hammer Mfg. Co., Milwaukee, 
Wis. Assoc-Mem. A.S.M.E. 
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to the feeding device. Why is it necessary to feed the web, 
increasing its lineal speed over the peripheral speed of the printing 
cylinders and then use a form of automatic tension device or 
drag previous to the feeding rollers? Why cannot the web 
be taken off the newsprint roll direct? 

Mr. Woop. A 36-in. roll weighing 1200 or 1300 lb., we will 
say, four pages wide, running at one-third of a mile a minute, 
has a lot of momentum or energy. As the press goes up in 
speed and comes down in speed, you must have something to 
prevent it from running away; so that you must have some 
control over the speed of the web, over the inertia of the web 
as the press slackens in speed, so that the web roll will not keep 
running on. The web roll must be brought into harmony with 
the printing press, so that it goes up in speed as the printing 
press goes up in speed, and comes down in speed as the printing 
press comes down in speed. That is the first half of the 
answer. 

The other half is that, unless you hold the web taut to a certain 
extent, you will have wrinkles and looseness coming up into 
the printing mechanism. These rolls are not perfect rolls; 


they have flats. They may be perfect at the mill, but are badly 
handled and come down to the press full of flats; they come down 
egg-shaped; they come down big at one end and smaller at the 
other. In practice every press must have some resistance 
applied to the roll and requires that the mechanism draw that 
paper off against resistance so as to bring it off the roll a taut 
web; so I bring off the roll a taut web with that preliminary 
feeding mechanism. Then I take the tension off the paper, 
and having done that, pass it up to the printing cylinders just 
as if this work had not been done before. 

Mr. LaasBs. Why cannot that be accomplished by a simple 
drag-shoe rather than by a complicated traveling belt arrange- 
ment? 

Mr. Woop. They use a drag on the Cline system and they 
use a drag on the Kohler system, so that whether you use one 
or the other, you have a drag. If you use the old friction on 
the spindle, you still have a drag in any case. Whatever you 
do, however, you must hold the roll back. What I want to do 
is to take the strain off the piece of paper before the plate hits 
it, and I do it. 


. 


HE first multi-unit rotary-type newspaper press was given 

to the printing industry in 1887. It is a significant co- 

incidence that at about this same time the clectrical in- 
dustry had its beginning, an industry which was destined to 
play an active part in the subsequent development of printing 
machinery. 

From the advent of the first quadruple press some 40 years ago 
to the modern high-speed metropolitan press of today the elec- 
trical industry has rendered an invaluable service in being able 
to supply that particular kind and quality of motive power and 
refinement of control necessary to obtain the maximum per- 
formance of the driven machine. In short, the problem of 
newspaper-press drive and control has thus far been successfully 
solved through the proper application of electric motors and elec- 
trie control devices. No matter what the future may hold in 
the way of larger and faster presses involving more intricate 
control systems, the electrical industry stands ready to meet 
each new problem as it may arise. 

While the modern high-speed press may be said to embody 
the essential mechanical features and operating characteristics 
of the multi-unit cylinder press of 1887, the increase in cylinder 
speed and the multiplicity of units in various combinations 
necessary to meet the continued demand for greater and greater 
press production have resulted in the development of a more or 
less specialized line of electric equipment to meet the particular 
needs of the industry. It is the purpose, therefore, of this paper 
to consider the general requirements of modern press operation 
in its relation to the application of electric equipment. 

A study of the performance characteristics of a modern cylinder 
press indicates that while the total energy delivered to the press 
shaft cannot be accurately evaluated in terms of segregated work 
done, it is apparent that the power input is dissipated in per- 
forming the following principal functions of press operation: 


1 Overcome gear and bearing friction 

2 Rotate the plate and impression cylinders under impres- 
sion 

3 Overcome friction of the inking cylinders and the ink- 
distributing rolls against the viscous properties of the 
ink. 

4 Keep the webs in motion under tension adjustment and 
overcome friction of rollers and angle bars 

5 Rotate the folding mechanism, including cutting knives, 
folding blades, gear bearings, and cam friction 

6 Accelerate the rotating members. 


An examination of the torque speed curve for a typical press 
shown in Fig. 1 indicates that the torque requirements increase 
with an increase in cylinder speed. This would indicate that at 
least some of the factors aforementioned do not remain constant 
over the entire operating range. The exact reason for this may 
be a subject for further analysis. It seems reasonable to assume 
that the action of the impression cylinders and the inking mecha- 
nisms might be a contributing cause. However, it appears 
that a considerable portion of the power required to operate a press 


? Industrial Engineering Department, General Electric Company. 
Presented at the meeting in New York, N. Y., on February 7, 
1929, of the Printing Industries Division of Taz AMERICAN Society 
~ MECHANICAL ENGINEERS, under the auspices of the Metropolitan 
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Electric Drive for High-Speed 
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is transmitted on approximately a constant torque basis in sup- 
plying the mechanical friction losses inherent in the moving parts. 

As a result of the rising torque characteristics with increased 
cylinder speed, we find that the horsepower input increases 
faster than in direct ratio with the speed. These characteristics 
are of important significance in the selection of the press drive 
and will be pointed out later. 

The starting requirements of cylinder presses, while not radi- 
cally different from similar types of machines involving a multi- 
plicity of bearings and considerable inertia of rotating parts, 
requiring a high starting torque to overcome the static friction, 
do, however, impose certain definite limitations in the manner 
in which the torque is applied. Ordinarily the torque required 
to overcome static friction and start the press from rest would 
be in excess of that required to accelerate the cylinders after 
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they had started to move. This torque which in actual practice 
is found to vary from 150 to 300 per cent of that required to 
keep the press running would, unless properly controlled, result 
in a severe jerk on the whole machine, breaking the web and 
possibly doing serious damage to the mechanical parts. Further- 
more, it is necessary to give the web a low, steady speed of from 
35 to 40 ft. per min., which is approximately 10 r.p.m. of the 
cylinders, for threading purposes. The driving equipment must 
also be capable of accurately jogging or inching the cylinders for 
replating and adjustments prior to starting. 

Most large presses are now arranged so that their separate 
units can be disconnected; for example, a five-unit, 40-page 
press may at times be operated with three units, 24 pages, or 
again as a four-unit, 32-page machine. Other plants may re- 
quire unit combinations for double sextuple or double octuple 
operation, the latter case necessitating that the respective drives 
be paralleled electrically and operated mechanically as one 
drive. These various combinations and conditions of press 
operation, besides bringing into play intricate schemes for ob- 
taining the necessary flexibility of control, also require careful 
consideration of the electrical and mechanical characteristics 
of the driving motor. 
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Aside from the fact that the driving equipment must be 
capable of properly starting, jogging, and threading the press 
and perhaps operating in parallel with other ‘drives, another 
important requirement is the ability to obtain uniform accelera- 
tion and deceleration over the entire speed range from the 
threading speed to the maximum production speed of the press. 
Any jerk or sudden change in speed is likely to break the web, 
with a resultant delay in press production and a possible damage 
to the rolls, blankets, or gearing. The usual practice in press 
operation is to increase the speed of the main drive from the 
threading speed to give approximately 8000 to 9000 papers per 
hour in one smooth step of acceleration. After a short interval 
of operation at low speed for making margin adjustments, etc., 
the speed is again increased to obtain the desired production 
output. This acceleration may be accomplished either in a 
number of steps or at a continuous rate, whichever is desired 
by the operator. In either case, the speed changes must be 
made smoothly and with precision. 

It has been said that the successful operation of a modern press- 
room is absolutely dependent upon the motor drive and control 
for the newspaper presses. To obtain a system of drive embody- 
ing all the qualities essential to the maximum performance of 
the press has therefore been an objective of the electrical in- 
dustry and the desire and hope of the printing industry. While 
many schemes have been developed covering newspaper drives 
and control, the modern double-motor equipment with full 
automatic control is outstanding, in that it has become almost 
universally accepted by the trade for operating medium- and 
high-speed presses. 

Briefly the double-motor arrangement consists essentially of a 
main driving motor and a small threading motor assembled 
as an integral unit on a common base and arranged to drive 
the press through some form of chain or gear transmission. The 
threading motor is connected to the shaft of the main motor 
through a gear reduction and an overrunning clutch. The 
ratio of the gear reduction is selected to obtain a cylinder speed 
of the press of approximately 10 r.p.m., corresponding to the 
full speed of the threading motor. Usually this ratio is found 
to be approximately 30 to 1. 

On starting the press, the starting motor is energized, the pawl- 
type overrunning clutch automatically engages, and the press is 
driven at the threading speed. When the operator is ready to 
speed up the machine, the main motor is connected to the circuit, 
immediately assumes the press load, and accelerates the press 
above the speed obtained by the threading motor. This causes 
the clutch to overrun, the clutch pawls are thrown outward by 
centrifugal force, and the clutch automatically disengages from 
the ratchet. This severs all mechanical connection between 
the main and the starting motors, and the starting motor comes 
to rest. 

The electrical characteristics of the starting motor are usually 
determined by the torque requirements to start and jog the 
press. It is also important that some adjustable means be 
provided for changing the torque of the starting motor to meet 
the requirements of the varying unit combinations of presses 
for which the drive may be intended. At threading speed of 
the press, the small motor is running at its normal speed, thus 
giving very close speed regulation, which results in maintaining 
practically constant speed on the press rolls regardless of the 
number of units connected. 

The main driving motor is of the adjustable-speed type, de- 
signed to give continuous and stable operation at any point over 
the entire speed range for which the press is designed. The 
capacity of the main driving motor is usually based on the power 
requirements when operating the press with the maximum 
number of units at maximum speed. This procedure is some- 


times modified where double sextuple and double octuple com- 
binations are occasionally required to be operated from one drive. 
In these cases the motor capacity is based on the power require- 
ments to operate the combination, usually at some speed below 
the maximum for which the press may be designed. 

There is a wide variation in the probable duty cycle and 
method of press operation, and while in some cases electric 
equipment can be rated on a short-time operation basis, there 
are other cases where the press cycle is such that continuous 
rated equipment is required. These conditions have given rise 
to the practice of occasionally rating electric equipment on so- 
called “printing press duty.” This is a very flexible rating, 
and so far no responsible body has attempted to define the 
term. Because there is no duty cycle so far defined, it would 
seem advisable to rate motors for printing-press service by one 
of the standardized continuous or short-time ratings officially 
recognized by electrical manufacturers. 

The modern double-motor controller for medium- and high- 
speed press drives is of the full-automatic type arranged for 
remote control from a number of push-button stations located 
at different points about the press. This type of controller, 
which is usually arranged in panel form, provides for the follow- 
ing functions: 


1 The Main-Circuit Disconnecting Devices. These may con- 
sist of fused switches, air or oil circuit breakers, depending upon 
the system of power supply, and are usually arranged for separate 
mounting. However, in special instances they may be mounted 
integral with the main control panel. 

2 The Contactor Switches. These connect and disconnect the 
main and starting motors to the power supply. 

3 The Accelerating and Decelerating Means. This consists 
in part of a pilot-motor-operated master switch having a series 
of stationary contacts for cutting out or cutting in resistance as 
a contact-making arm or crosshead is moved successively over 
the segments. The contact so established may act on the speed- 
regulating resistance directly or may serve as a pilot circuit 
for operating magnetic switches to establish such resistance 
connections. For direct-current drive the speed-controlling 
resistors consist of a section for armature control and a section 
for shunt field control. For alternating-current systems there is 
usually provided one group of resistors arranged for motor secon- 
dary control. These resistors are usually mounted back of the 
panel and connected thereto by special insulated wire. 

4 Stopping Devices. These include dynamic braking for 
direct-current drives and solenoid brakes or torque motor brakes 
for alternating-current systems. In addition to the braking 
features incorporated in the drive, many presses now employ 
separate magnetic brakes mounted on the cylinder shafts and 
in some cases on the vertical press shafts. On stopping, these 
brakes operate simultaneously with the drive brake and serve 
to bring the press to rest quickly and without undue strain on 
any part. 

5 Protective Devices. These include: 


Overload protection for the main and starting motors 

Undervoltage protection to prevent unexpected starting of 
equipment after voltage failure 

Protection against starting of drive, except by prescribed 
methods 

Safety lockouts to protect pressmen working on the press 

Warning signals before starting 

Locking against increase in speed after a certain predeter- 
mined maximum has been reached 

Adjustable setting of maximum permissible speed of press 

Prevention of too rapid acceleration or deceleration of the 
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Automatic return of the master switch to “off” position after 
stopping 

Interlocking means to prevent simultaneous operation of 
the starting and main motors and to make it impossible 
to start the press except through the starting motor 
coming into action prior to the main driving motor 

A device for stopping the press automatically in case of web 
failure. 


6 Push-Button Stations. These stations are located about 
the press to provide for complete and independent control of 
the drives from each station, including inching, threading, accel- 
eration, slow down, safety lockout, and warning signals. Special 
stations may also be provided for other combinations of control 
features as desired. 

7 Parallel Operation. The parallel operation of two drives 
is usually accomplished by a mechanical connection between 
the two master switches, interlocked in such a way that the 
motion is transmitted simultaneously to each controller. Pro- 
vision is also made for paralleling the control stations and signal 
systems for both drives when so connected. 

8 Selector and Transfer Panel. Where drives are designed to 
operate a varying number of press units, provision is made 
to select and transfer the respective push buttons and signal 
circuits to function with the proper controller. Means for 
accomplishing the predetermined combinations usually consist 
of the necessary switches, relays, and interlocks mounted on a 
separate panel arranged for either manual or automatic operation. 

In the application of electric equipment to newspaper presses, 
certain outstanding features should characterize the system 
selected, namely: 

1 Reliability 
2 Economy of operation 
3 First cost. 


Perhaps the most important of these is reliability, since in 
almost no other industry is a delay due to breakdown propor- 
tionately more costly than in the pressroom of a modern daily 
paper. Not only must the electric equipment be strongly built 
mechanically, but the electrical features must likewise be care- 
fully designed with large factors of safety for the service in- 
tended. In general, in this, as in other industrial applications, 
the simplest design is the most dependable. 

To the small publisher whose editions can be run off in an 
hour or two, economy of operation is not of major importance. 
However, in the plant of a metropolitan daily, with longer runs 
and larger drives, power consumption becomes a sizable item in 
the expense of operation. Each pressroom application, there- 
fore, becomes a subject of separate study to determine the type 
of drive best suited for the press. 

In the matter of the first cost of pressroom electrification, no 
publisher can afford any other equipment than the best. How- 
ever, sound judgment should dictate, for each installation, the 
practical limits of refinement commensurable with the cost in- 
volved. 

The principal feature influencing the choice of drive for the 
new plant is the kind of power-supply system, whether alter- 
nating-current or direct-current. Direct-current drives have 
been widely used for high-speed metropolitan presses, while 
alternating-current drives have been more generally used in 
the smaller cities and towns. This situation may be ascribed 
to the fact that most metropolitan centers have had direct- 
current service of long standing, while the small cities and towns 
have had only alternating-current available as the prime source 
of power supply. The time appears to be fast approaching, 
however, when for economic reasons alternating current will be 
used in metropolitan centers as in other districts. It is therefore 
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imperative that consideration be given the merits of alternating- 
current versus direct-current equipments. 

As already intimated, the mechanical arrangements of press 
drives are practically identical whether intended for alternating- 
or direct-current power. Likewise, the control function must be 
identical, since the same operating requirements are common 
to both, though different methods may be employed for accom- 
plishing them. While direct-current systems are perhaps more 
familiar to the personnel of pressrooms of large establishments 
and have been found to render dependable service under the 
most exacting conditions, alternating-current systems also have 
been developed to give equally as good performance in their 
field or application. 

A direct-current drive is usually laid out to operate from a 
constant-voltage two-wire system of 250 volts. The main motor 
is designed for adjustable speed, partly by armature control 
and partly by shunt-field control. The usual practice is to 
provide a speed range of 2, 2'/., or 3 to 1 by field control, de- 
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pending upon the maximum speed of the press. For example, 
the drive for a high-speed press of, say, 60,000 papers per hour, 
having a maximum cylinder speed of 500 r.p.m., would be 
geared so that the maximum weak-field motor speed would 
correspond to the maximum cylinder speed. Thus assuming the 
maximum speed of the motor to be 900 r.p.m., then with a 3 
to 1 speed range the base or full-field speed would be 300 r.p.m., 
equivalent to a press production of 20,000 papers per hour. 
The speed range of the drive, therefote, from the threading speed 
to 300 r.p.m., would be accomplished by armature-voltage con- 
trol by inserting resistance in series with the armature circuit in 
a sufficient number of steps to give smooth acceleration and 
also to provide stable low-speed points necessary for finishing 
rolls and making adjustments. Fig. 2 shows the efficiency 
speed curve for a typical direct-current adjustable-speed motor 
on the basis of a printing-press load. This curve shows that 
the motor has practically constant efficiency over the speed range 
obtained by field control and a rapidly declining efficiency over 
the range of armature control. From this we derive a typical 
power input curve for a direct-current drive. 

Since the adjustable-speed direct-current motor is essentially 
a constant-horsepower machine over the speed range obtained 
by field control, it is evident that excess capacity is available 
at the base speed when applied to a printing-pressload. This 
condition is inherent in the design of the machine. However, 
it may sometimes be utilized for driving one or more additional 
press units at reduced speed in event of failure of an adjacent 
drive in a plant employing a number of press drives in se- 
quence. 

Alternating-current equipments of the type commonly used 
for printing-press service employ a wound-rotor induction motor 
as the main drive, in which the speed control is accomplished 
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entirely by secondary resistance adjustment. This type of 
motor, therefore, has series speed characteristics; that is, for 
any given adjustment of secondary resistance the speed will 
vary with the load. This feature requires a careful layout of 
resistance steps to obtain smooth operation over the entire 
speed range. Fortunately, the press load conditions are found 
to remain practically constant for any given speed above 25 
per cent speed, which condition permits the use of the wound- 
rotor type motor. At full speed the motor operates with all 
resistance cut out and at maximum efficiency. At any reduced 
speed, sufficient resistance must be cut in the motor-rotor circuit 
to obtain the exact amount of motor torque to carry the driven 
load at that particular speed. The resistance thus required for 
speed adjustment introduces an electric loss chargeable to the 
overall efficiency of the drive. 
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The efficiency speed curve for a typical alternating-current 
drive of the wound-rotor type is also shown in Fig. 2. From 
this we may derive the power-input curve for a printing-press 
load. Fig. 3 shows the power input to the motor for both alter- 
nating-current and direct-current drives as compared with the 
shaft horsepower required for the press. 

In the application of alternating-current wound-rotor motors 
to high-speed presses, it is sometimes necessary to introduce some 
form of automatic speed control to maintain a minimum low 
speed necessary for finishing rolls and making adjustments. 
It is found that under press torque conditions, the wound- 
rotor motor cannot be depended upon to hold a stable speed 
much below approximately 25 per cent of full speed. Thus, for 
presses geared for 40,000 to 60,000 papers per hour, it is necessary 
to provide stable speeds below the normal stable-speed range 
of the motor, which in this event would require the motor to 
hold from approximately 22 per cent to 15 per cent of its normal 
speed. The device for automatically holding a constant low 
speed for such installations may be in the nature of a speed gover- 
nor mechanically connected to the main drive, and arranged to 
actuate a group of magnetic switches for cutting in and out 
proper steps of secondary resistance. 

While paralleled alternating-current drives of 100 hp. have been 
installed for press speeds of 36,000 papers per hour, proposals 
for high-speed press drives involving parallel operation of capa- 
cities of from 125 to 250 hp. have been developed in detail, which 
would indicate that while many interesting problems are involved, 
there appears no serious obstacle in the way of successful appli- 
cations of this type in the not far distant future. 


From the point of view of reliability, safety, and flexibility, 
alternating-current equipments compare favorably with similar 
direct-current equipments. The alternating-current motor is 
simple in construction, having a form-wound stator readily 
adapted to suit the voltage, phase arrangement, and frequency 
of the supply service. Similarly the rotors are strongly con- 
structed, having only collector rings as sliding contact, as com- 
pared with the commutator and multiplicity of brushes on the 
direct-current motor, which usually require attention from time 
to time to insure good service. The same comments may apply 
to the starting motors. With the alternating-current double- 
motor drive, there may be employed either a high-torque squirrel- 
cage motor or a wound-rotor motor, both of which have proven 
adequate for the purpose intended. In both cases the starting 
torques are adjustable to meet the requirements of the particular 
press combination. 

In the matter of braking, the direct-current equipment usually 
employs a dynamic system in which the armature is disconnected 
from the line and short-circuited through the proper amount of 
resistance, which produces a rapid braking effect due to the gener- 
ator action. Since electric braking is not possible with an 
alternating-current motor of this type, except by a plugging 
operation which is not considered reliable for this service, a 
spring or weight-loaded friction brake is usually provided on the 
main motor shaft. When the drive is in operation, the brake 
is held in the release position by the action of a solenoid or small 
torque motor, and at the instant of interrupting the electrical 
circuit to the main drive the brake is instantly set by the action 
of the spring or weight. 

In regard to accessibility for repair and maintenance, as well 
as compactness for minimum installation space, both types of 
drives have been highly developed. 

From the control standpoint little can be said regarding the 
relative reliability and safety of the two systems, since both 
equipments comprise chiefly standard proved devices, including 
magnetic switches, relays, interlock, push-button stations, pilot 
motor, etc., assembled and connected in such a way as to obtain 
the desired functioning of the whole. Alternating-current con- 
trollers do, however, employ a greater number of resistor units 
for speed control, and in some instances it may become necessary 
to employ special ventilation methods to remove the excess heat 
produced therefrom. 

It is not practicable within the scope of this paper to discuss 
the relative first costs of direct-current versus alternating-current 
equipment. Many variables enter into the design and arrange- 
ment which affect the comparative cost of any individual appli- 
cation, but it is generally true that with either direct-current or 
alternating-current supply available at the pressroom the former 
equipment is more expensive than the latter. 

Conclusions based on the foregoing discussion of alternating- 
current versus direct-current system for press drives would be 
entirely inaccurate without considering the potential qualifi- 
cations of both in the light of the trend of future power service. 
Indications point to the gradual curtailment of direct-current 
service, leaving only alternating-current power as the prime 
source of supply. Under such conditions, the supply of direct- 
current can only be had through locally installed converting 
equipment. It is obvious, therefore, that the losses incidental 
to such conversion methods become chargeable to the efficiency 
of the drive, thereby lowering the overall efficiency for the direct- 
current system, besides placing additional equipment in the 
plant with a corresponding increased investment. 

In conclusion it might be well to briefly mention some con- 
version methods and other types of drives which have some 
merit in the solution of future power problems. 

Perhaps the simplest and most direct scheme of conversion of 
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alternating current to direct current is by means of the syn- 
chronous-converter or by the motor-generator systems. In 
either case the main alternating-current supply is changed to 
direct current at the voltage desired. This scheme may employ 
one or more converting units for feeding directly into a constant 
direct-current voltage main, thereby supplying direct-current 
power for the press drives. 

Another system which merits consideration is the so-called 
variable-voltage system, employing motor-generator sets as the 
converting medium. This consists of an alternating-current 
motor of either the synchronous or induction type arranged to 
drive a direct-current generator and direct-current exciter. With 
such a combination the speed adjustment of the press drive would 
be obtained by varying the armature voltage over the entire 
speed range, this being accomplished by controlling the exci- 
tation of the direct-current generator supplying current to the 
press motor. This scheme has several outstanding desirable 
characteristics, chief among which are the close speed adjust- 
ment and the stability of operation over the entire speed range. 
In this connection it may be of interest to know that the vari- 
able-voltage system is successfully used in many industrial 
applications such as paper-machine drives, paper rewinders, 
elevators, and electric shovels. 

Still another type of drive is available in the form of the 
polyphase brush-shifting alternating-current motor. This is an 
adjustable-speed motor with shunt-speed characteristics opera- 
ting directly on alternating current and has many of the charac- 
teristics of a direct-current motor with shunt-field control. A 
wide range of printing-press speeds can be secured simply by 
shifting the brushes of the motor. This is accomplished by 
push-button control through a pilot motor arranged to drive 
the brush-shifting mechanism. The advantage of this drive 
lies in the fact that there is no power absorbed in resistance as in 
the case of the wound-rotor induction motor. In construction, 
this motor resembles a direct-current machine and an induction 
motor, having a commutator and brush rigging common to the 
direct-current motor and the form-wound stator frame and 
outward appearance of the alternating-current types of ma- 
chines. 

The brush-shifting motor for printing-press service may be 
combined with a starting motor and mechanical features of the 
conventional double-motor drive or it may be provided with a 
dual frequency power source, whereby a low frequency may be 
applied to secure the jogging and threading speed directly on the 
main drive. 

In closing it may be said that whether the high-speed press 
drive of the future involves direct-current or alternating-current 
equipments, the electrical industry stands ready to supply the 
proper, accurately controlled driving equipment for these presses. 


Discussion 


Eric H. Laass.? In the past the majority of newspaper print- 
ing presses have been operated from a direct-current power 
supply. Due to better transmission of alternating current, it is 
being used more and more for general power distribution. We 
are therefore confronted with the problem of establishing the 
limitations which influence the selection of the best kind of drive 
available for use with alternating-current power supply. 

Before discussing the matter further, let us first consider the 
requirements to be met in printing operations. First, it is 
necessary to provide for proper starting and for a slow threading- 
in speed of approximately 10 r.p.m. of the plate cylinders. 
Second, a comparatively slow speed is necessary for registering 
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the web through the press and folders. This speed need not be 
very accurate, but cannot be very much higher than 75 or 80 
r.p.m. where three or more webs are to be taken care of. There 
is no objection to a lower speed, particularly where a number of 
webs are to be taken care of. There is another fact which affects 
this speed and that is the pull which can be exerted on the paper 
without breakage. While it may be possible in some cases to 
register at higher speed, paper breakage generally occurs if 
these speeds are exceeded, due to rapid acceleration of the press, 
with the average paper used for newspaper printing. Third, 
provision must be made for the proper speed for printing opera- 
tion. This speed depends upon circulation, economy of opera- 
tion, and other factors such as grade of paper, number of decks, 
etc. There has been a tendency to increase the printing speed, 
and improvements in presses have made this possible. In addi- 
tion, arrangement must be made for the proper stopping of the 
press. 

To obtain the threading-in speed, it is general practice on news- 
paper presses to employ a small motor. This motor is connected 
to the press through a set of reduction gears and an overrunning 
clutch. Shunt and compound motors are generally used for 
direct current, and squirrel-cage and slip-ring motors for alter- 
nating current. There is no particular difficulty involved 
whether the power supply is alternating-current or direct-current. 

For the large motor, adjustable-speed shunt motors have been 
used in case of direct-current supply, and slip ring motors in 
case of alternating-current supply. From an operating point of 
view, the direct-current motor is unquestionably superior be- 
cause it is possible to obtain the required speed regulation by 
shunt-field control, giving a constant speed, regardless of load, 
making it possible to easily obtain a great number of speed 
points. 

In the case of a direct-current adjustable-speed motor, it is 
generally geared to the press so as to obtain a press speed of 
approximately 150 r.p.m., with the motor running at normal speed 
and full field. At 2 to 1, 3 to 1, or 4 to 1, speed range by shunt- 
field regulation is provided, depending upon the maximum speed 
required of the press. Thus, for a maximum speed of 36,000 
papers per hour a 2 to 1 motor should be used, and for 55,000 
a 3 to l. 

The slow speed for registering is obtained by armature re- 
sistance, and with a normal speed of 150 r.p.m. and a slow speed 
will vary with the load, increasing with light load and decreasing 
with heavy load. The registering speed will therefore be higher 
as the number of webs is decreased, but this is permissible be- 
cause the danger of paper breakage is less with the smaller num- 
ber of webs. The resistance required to give the speed reduction 
is sufficiently low so that satisfactory operation can be obtained 
to meet requirements of from two to six decks or units. 

In the case of alternating-current slip-ring motors, all of the 
speed regulation must be obtained by secondary resistance. 
Experience has shown that it is not practicable to obtain stable 
and satisfactory operation if appreciably more than 75 per cent 
reduction is attempted, unless some special means are used to 
regulate the speed, because a slight change in load will give a 
comparatively greater change in speed. For example, an increase 
in load of 30 per cent will stall the press and a decrease of 30 per 
cent will about double the speed. 

With a press speed of 75 r.p.m. for registering and a reduction 
of 75 per cent, a maximum printing speed of 300 r.p.m. or 36,000 
papers per hour is obtained. Where higher printing speed is 
required, a speed governor can be provided to give the 75 r.p.m. 
take-off speed. By using this arrangement, presses are today 
being operated as high as 45,000 papers per hour for five decks, 
and at 60,000 papers per hour for two decks. To compensate 
for the difference in load due to different number of decks or 
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units, means must be provided to separately commutate the 
resistance so as to obtain the proper values corresponding to load 
conditions. 

As far as the initial cost is concerned, there is practically no 
difference between alternating-current and direct-current for the 
control and drive equipment. If a converting plant is required, 
this is an addition. 

As far as power consumption is concerned, the power taken by 
the direct-current equipment will vary with the load and speed; 
with alternating-current equipment using slip-ring motors, it will 
vary with the load only. With a certain load, power consumption 
will be practically constant, regardless of speed, because, although 
the power actually delivered by the motor decreases with lower 
speed, the resistance losses increase and the power taken from 
the line remains the same. 

With alternating-current drive it is therefore much more im- 
portant to gear the press correctly for the actual printing speed 
to be used than for direct current. In case of direct current, if 
a press is geared too high, it only means the increased investment 
in the large equipment. For alternating current, however, it 
means in addition the increased power consumption; that is, 
with a press geared for 40,000 papers per hour the power con- 
sumption will be the same whether the press is operated at 20,000 
30,000, or 40,000 per hour. Some excess speed should, however, 
be provided above the normal printing speed to allow for making 
up time in case of delay. A fair compromise between excess 
speed and economy will usually result in a maximum speed of 
10 to 15 per cent above the normal printing speed. 

For comparatively medium-speed presses of 36,000 papers per 
hour, alternating current can be considered satisfactory, and 
when only a few presses are to be operated, it can be done satis- 
factorily for moderately high-speed presses. With a number of 
high-speed presses, it will undoubtedly, with the present develop- 
ment of the art, be more satisfactory to convert to direct current. 

The stopping of high-speed presses is accomplished, on direct- 
current equipment, partly by dynamic braking and partly by a 
special magnetic disk brake mounted on the extended shaft of 
the impression or the plate cylinder, generally energized by the 
dynamic current. In the case of alternating-current equipment, 
a magnetic brake is used for stopping the motor, and a separate 
source of direct-current energy for the magnetic disk brake is 
generally supplied from a motor-generator set. 

There are three types of electrical equipment which may be 
selected for newspaper presses operating on an alternating- 
current power system: 


1 Alternating-current motors 
2  Direct-current motors with constant-voltage control 
3 Direct-current motors with variable-voltage control. 


If the presses are to be operated at 36,000 per hour or less, 
alternating-current motors should, in general, be selected. 
The first cost of this equipment is low and the number of ma- 
chines required is less than for the other two systems. It may 
be contended that the efficiency of the alternating-current slip- 
ring motor is low. If properly geared, however, the press may 
be operated near maximum speed; many presses are used only a 
few hours a day; and furthermore, there are no standby losses 
with alternating-current motors. 

Alternating-current motors with some provision for obtaining 
a regulating speed of approximately 75 r.p.m. can also be used to 
advantage on higher speed presses, if there are only a few drives 
in the plant. 

If the plant is larger, however, direct-current motors offer 
considerable advantage. It is possible to obtain the direct 


current by installing rotary converters of motor-generator sets 
operating at constant voltage. With this system two sets will 
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usually be installed in order to provide stand-by operation in 
case of trouble on one set. The use of this system allows the 
utilization of comparatively large and efficient units, and the 
number of machines is accordingly much smaller than on the 
variable-voltage system. Another advantage of the constant- 
voltage system lies in the fact that advantage can be taken of 
the diversity factor. Some of the presses on a plant are usually 
being plated up while others are printing. It is also a fact that 
in most plants the presses are seldom running at maximum 
speed. The continuous capacity of the converting equipment 
may therefore be considerably less than the aggregate capacity 
of the press motors. If the variable voltage system is used, 
however, each set must have sufficient capacity to operate its 
undivided press. 

On installations where only a few high-speed equipments are 
involved, variable voltage should be considered; but where a 
greater number of motors are to be operated, conversion to 
constant-voltage direct current, by either motor-generator set 
of rotary converter, will be found cheapest if initial cost, instal- 
lation, and operation are considered. 


A. J. Cuine.* Mr. Wright has covered the field as it is today, 
and made a little prophecy as to possibilities. The difficulty 
we get into in equipping newspaper machinery, particularly the 
newer types of high-speed, multiple-unit presses, is in the alter- 
nating-current field. Direct-current equipment has been per- 
fected to take care of the present-day presses fairly well. With 
alternating current, where we run into problems of large units 
operated at the higher speeds that are being at least tried, and 
undoubtedly will be used in more plants, we experience difficulty 
in applied direct current. This will be true until we find a 
better method than we have at present. 

Some of the methods proposed by Mr. Wright, particularly 
the Ward Leonard field control through auxiliary units, may be 
tried out and found successful. This system introduces certain 
complications, but we need a better method. We are all trying. 

At the present time the larger plants are usually operated 
through alternating-current, two-motor drive, with rotary con- 
verters to convert the current from alternating to direct, for 
application to the two-motor drive. The speeds are going to 
require that method unless we can come to a field-control method 
such as the Ward Leonard, as has been suggested. 


Watter E. Wives.‘ I would like to ask Mr. Wright if any 
of those shifting-brush polyphase-motor equipments are in use, 
and if so, where? 

Mr. Wricut. There is a 75-hp. installation at The Wilkes- 
Barre Times-Leader. Similar applications have also been made 
on paper rewinders and super-calenders. 


W. T. EpGgE.u.’ I should like to say that in England the alter- 
nating-current drives that are furnished are practically all of the 
brush-shifting type, so that we have quite an extensive experience 
in England with them, but over here we have only tried the one. 


SreruHEN Bennis* Are there any of the variable-voltage type 
of installations in our immediate vicinity? 

Mr. Wricut. Tomy knowledge there are no variable-voltage 
installations of printing-press drives. They would probably be 
considered only for the larger installations where a change-over 
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program was at hand. It is probably not economical except 
under such conditions in a plant. 


WinFie_p 8. Huson.’ It is the ever-present question about 
alternating-current and direct-current drives for variable speeds. 


AuTHOR’s CLOSURE 


It might be stated in connection with any conversion system 
that the merits of the system, whether it be alternating-current 
or direct-current with a rotary converter or with motor-generator 
sets or with the variable-voltage system, would bear investiga- 

7 Consulting Engineer, New York, N. Y. Mem. A.S.M.E. 
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tion in each particular application, because it brings in the 
question of press production; that is, the average production 
speed to meet the particular edition schedules. As has been 
pointed out, by properly gearing the alternating-current drive 
to operate at a high speed over a greater portion of the time, 
very good power consumption can be obtained; that is, on the 
basis of the papers produced or the production in the machine. 
It is well to remember that while all these schemes may be avail- 
able, it is desirable to treat them simply on the basis of their 
particular application, giving due consideration to the number of 
units, the size of the drives, and the unit combination in- 
volved. 
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The Manufacture of Newsprint for 
High-Speed Printing Presses 


By GEORGE D. BEARCE,'! NEW YORK, N. Y. 


HE principal constituent of newsprint paper is wood pulp 

made almost exclusively from coniferous trees such as spruce 

and fir. These woods are made into two kinds of pulps, 
the mechanical or “‘groundwood”’ and the chemical or ‘‘sulphite.”’ 
These pulps are mixed in the proper proportion, other materials 
are added, and then are made into paper. 


MECHANICAL PuLp Process 


The mechanical process of making ‘‘groundwood”’ pulp consists 
primarily of forcing blocks of wood against a rapidly revolving 
grinder stone that has a specially prepared surface to loosen and 
tear off the small wood fibers. This operation is done in a large 


forced diagonally against a rapidly revolving disk equipped witb 
knives which cut the wood into thin pieces about an inch square. 
These are cooked eight to ten hours in large upright boilers or 
‘“‘sulphite digesters’’ by means of a bisulphite liquor and high- 
pressure steam. The resultant pulp has a long strong fiber, and 
is almost a pure cellulose, since the chemical treatment removes 
practically all of the lignin tissues that hold the wood fibers to- 
gether. After this pulp is thoroughly washed, screened, and 
cleaned, it is ready to be pumped to the paper mill. 


Paper-MAKING PROCESS 


The next step in the process is to measure and proportion of the 


Fic. 1 Continvovus MaGazine GRINDERS 
(These huge machines mechanically reduce the wood to groundwood pulp, which is one of the principal constituents of newsprint.) 


machine called the “grinder’’ (Fig. 1), and in the modern mill the 
process is automatically carried out. The type of pulp made in 
this manner has a relatively short fiber due to the method of 
manufacture. However, groundwood pulp is an extremely im- 
portant constituent of newsprint paper since it has absorptive 
and other characteristics that are very essential in obtaining 
satisfactory printing qualities. 


SuLpHIte Process 


The second kind of pulp, called “‘sulphite,” is made by chemical 
process, which in brief is as follows: The pulpwood sticks are 
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two kinds of pulp by special equipment in the paper mill. The 
paper “‘stock’’ or mixed pulp contains approximately 75 per 
cent groundwood and 25 per cent sulphite, and is approximately 
99'/, parts water as it goes to the head end of the paper machine. 
This “‘stock” flows in a continuous sheet of definite thickness 
upon the revolving wire belt, which moves at approximately the 
same speed as the flow of the “‘stock.’’ The water is removed by 
seepage through the wire and by means of suction boxes and 
press rolls, leaving a mat of interwoven wet fibers. This sheet 
or web is transferred through a series of presses and then to the 
revolving dryer drums, where the drying process is completed. 
Finally the paper goes through a series of heavy calender stacks 
or smoothing rolls, which produce a smooth surface or finish, 
and is wound upon a large reel the width of the paper machine. 
Fig. 2 is a view from the reel or “dry” end of a 270-in. wide ma- 
chine. From this point it is transferred to the winders, 
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where it is slit or cut into the proper sizes for newsprint presses. 

The proper control of the entire process from wood to paper is 
essential to obtain a satisfactory product. Modern machinery, 
improved methods, and adequate technical control have been 
instruments that the paper maker has used to make a product to 
meet the requirements of the present-day high-speed newspaper 
presses. At the same time the manufacturer of paper has speeded 
up his machines and processes to keep pace with the present 
industrial trend of greater production per unit and lower cost 
to the consumer. 

The process of manufacturing paper presents a multiplicity of 
mechanical and chemical problems in the treatment of the raw 
material, wood, which is a product of nature and consequently 
has many minor variations in form and structure. The operation 


As this pulp is being made in a continuous stream it is periodi- 
cally tested from the individual grinders or collectively from a 
group. One method that has been universally adopted is the 
“freeness”’ test, which indicates the ability of the pulp to allow 
water to drain through it at the correct speed in order to make a 
well-formed sheet of paper on the machine. The pulp is also 
examined by a “‘blue glass,”’ and some plants test a sample of pulp 
by means of a magnifying glass or projector and screen, thus 
enabling them to compare it to a standard pulp. 

After the pulp is made it is screened through three sets of 
screens of various sizes in order to remove the large particles that 
are unfit for making paper. From that point it goes through a 
“riffler’’ or settling tank, where a large percentage of the dirt 
particles are removed. A typical report used in controlling the 


Fieg.2 Newsprint Paper MACHINE 
(This is over 200 ft. long and makes a sheet of paper 21 feet wide.) 


of paper-mill equipment also involves problems common with 
any industrial plant. 


ConTROL 


Since groundwood pulp is the major constituent of newsprint 
paper, this manufacturing operation must be carefully controlled. 
Many variables are involved. We find a difference in the age 
and type of wood, which must often be selected to get the best 
quality of paper. The speed of the grinder stone influences the 
quality of the pulp. The modern mill has adopted the constant- 
speed motor to standardize this particular feature. The grinding 
process is mechanical, and therefore generates considerable heat. 
Consequently the temperature must be kept at the proper point, 
and recording thermometers show the temperature of the stock 
at all times. The face of the stone must have minute ridges of a 
definite pattern, and these must be kept in a predetermined con- 
dition to make the right quality of pulp. A large percentage of 
the grinder stones are made of natural sandstone, and conse- 
quently are not absolutely uniform in structure. Recently an 
artificial stone has been developed which should assist in stand- 
ardizing the groundwood-pulp manufacturing process because it 
removes one more variable. 


operations of a groundwood mill is illustrated in Fig. 3. The in- 
formation and figures thus obtained enable the mill to have a 
record of the quality and characteristics of pulp at all times. 


ContTrROL 


The manufacture of the “‘sulphite’’ or chemical pulp is more 
complicated and requires close control. The cooking acid or 
“bisulphite’’ is manufactured from pure sulphur, which is 
made into a sulphur dioxide gas and combined with lime or 
lime rock to produce liquor of the required strength and chemical 
composition. When the digester is filled with wood chips, the 
proper amount of liquor is added, and the entire mixture is 
steamed or ‘“‘cooked”’ for a definite length of time under accurate 
temperature and pressure conditions. This cooking cycle usually 
follows a predetermined curve so that the wood chips all receive 
the same treatment. A typical report covering the sulphite 
process is illustrated in Fig. 4. The temperatures, pressures, and 
other data are recorded during the entire series of operations in 
order to keep this to a standard basis. After the pulp has been 
made, it is washed and screened through equipment similar to that 
used in the groundwood process. 


PRINTING 


Paper-MiLL ConTROL 


The groundwood and sulphite pulps are pumped to the paper 
mill at about 3'/. per cent consistency, which is kept at a prede- 
termined figure by regulators. Both pulps then go through the 
proportioning and mixing system, which regulates the definite 
percentages of the two pulps and also adds the right amount of 
alum and color. The mixed and prepared stock is then thinned 
down to a consistency of about four-tenths of 1 per cent, and 
again screened before it goes into the wire of the paper machine. 

The thickness of the sheet on the wire is controlled by the hori- 
zontal orifice or “slice” that al- 
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an inch accurate, so that the paper will finally be of the same 
thickness at all points and carry the same finish. The pressures 
on the calender stack are enormous, and one of our largest calen- 
ders probably ranges between 1,000 and 2,000 Ib. per square inch. 
Consequently these must be kept in excellent condition at all 
times, because the paper itself is only about three one-thousandths 
of an inch in thickness. A series of air blasts are used on the 
calender stacks at all times to maintain the proper expansion 
because of the differential in heat generated in the operation. 
These factors in the calendering process are very closely watched, 


lows the stock to flow upon the 
wire. This is adjustable so that 
it is possible to make the sheet 
on the wire the same thickness, 
and must be adjusted across 
the width of the paper ma- 
chines, which is over 20 feet on 
our largest ones. As the paper 
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compact mass, and the sheet 
is about 30 per cent fiber leav- 
ing the press part. As the 
paper moves down through the 
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dryer part it loses more mois- 


ture and gradually contracts. 
A drying regulator based on No. t 


this feature is widely used, and 
this greatly assists in securing _No.2 


even drying of the paper. This 
drying process is important, No. 3. 


since over two tons of water 
are removed for each ton of 


paper made. Another recent 
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development of the control of 


the entire drying process is by 


the use of radio. This equip- 
ment, which bases its regula- | | | | 


tion on the percentage of mois- 


Remarks: 
ture in the dry paper, contin- 


uously records the moisture in 
the dried sheet as well as con- 
trols the steam in the drying 
process, 

Another new development is the vacuum dryer. This equip- 
ment allows the traveling sheet of paper to go into a large vacuum 
which contains the drying rolls. The moisture is removed from 
the paper under a vacuum of 27 to 28 in., and the travel of the 
paper is similar to that of the regular paper machine. 

The calendering or finishing process is very important in order 
to get the surface of the paper smooth and at the same time allow 
it to retain those properties that are of value in satisfactory print- 
ing. It is very essential that the paper have a maximum amount 
of moisture as it goes through the calenders in order to produce the 
highest finish. Perhaps this may be compared to the housewife 
who must dampen clothes in order to iron them smoothly. 
The calendering process is a very delicate one because of the great 
pressures and high temperature. These rolls are frequently 
ground, and should be within one-quarter of one-thousandth of 


Fig. 3) Typrcan Grounpwoop MILL Report 


(The groundwood pulp is periodically tested for quality, and the data are recorded. Pressures, temperatures, 
and other essential operating data are also obtained.) 


because this is the last operation in the actual paper-manufactur- 
ing process. 

The winding process is important, since it is the last stop before 
the finished roll is wrapped up ready to send to the pressroom. 
Recent developments in different types of winders have made it 
possible to eliminate to a large degree the soft centers and to get a 
finished roll that is uniformly wound throughout. Great care 
is taken in watching the slitting knives in order that they be kept 
sharp and make a shear-cut edge. 

Each roll of paper is carefully tested for basis weight, moisture, 
and thickness, and compared to a standard for color and forma- 
tion. It is our usual practice to have a paper inspector for each 
two machines, whose duty it is to watch for defects in the paper 
being made and reject any rolls that are unfit to ship. He must 
also inspect all of the splices and see that they are properly made. 
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In brief, he is responsible for the physical characteristics of the 
paper before it is sent to the finishing room to be wrapped and 
shipped. 

The data recorded by various mills may be slightly different, 
but the essential information is illustrated by Fig. 5, which is a 
typical report and a permanent record for a newsprint machine- 
room operation. 

There are many things that may happen between the woodpile 
and the finished sheet of paper. We are dealing with a product 
of nature which in itself often varies. In order to eliminate the 


satisfactory in all respects for the pressroom, defects occur that 
are apparently difficult to eliminate. Slime spots occasionally 
come through and may produce a defective sheet. These are 
primarily caused by a small lump or group of very short fibers 
which will go through the entire machine. Sometimes these will 
cause a small hole in going through the calenders and at other 
times they will make a black, hard, shiny spot on the surface of 
the paper. We attempt to design all of the equipment to elim- 
inate in so far as possible such slime defects, but, as previously 
stated, we are dealing with one of nature’s products that does not 

always act as we would like to 


COOKING REPORT 


DIGESTER No. CooK No. DATE 


COMPANY LIMITED 


Day 


have it. 

Occasionally calender cuts oc- 
cur due perhaps to drying con- 
ditions, speed regulation, or a 
thousand and one other things. 
These calender rolls are ex- 


Mouth Date Year 


Previously Blown at o by 


tremely heavy. The bottom roll 


on one of our large machines 


Filled, Cover on and Soaking at 


Steamed at Temp're 802 


PRESSURE weighs approximately 28 tons. 
Consequently the very slightest 


Gauge Bteam Gas 


Blown at 


obstruction or lateral movement 
of the sheet will cause an im- 


ACID WHEN FILLED a 


perfect calendering operation. 


Total SO, 


The winding process is more 


Free SO, — 2% 


mechanical, and with the modern 


winder we are better able to get 


Combined SO, 


the hard-center newsprint roll. 


Temperature 4 


It is considerable of a problem 


TIME IN COOKING 


to start a perfect cylinder on the 
ordinary metal-tipped paper 


Time from Last Blow to Cover on 


cores, especially as these cores 


Boers Mts. 


Time Soaking before Steaming 


have made several trips between 


Time Steaming 


the pressroom and the paper 


Total Time Blow to Blow 9 


mill. If such a core has been 


thrown around in the pressroom 


Time to Pressure after Turning on Steam 
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or the paper mill, it might not be 


a true cylinder or badly 


ett 


damaged. All cores are in- 


++ 


spected and the poor ones re- 


jected, but a small depression 


PRESSURE 


TE 


may make an important differ- 


ence in starting the newsprint 


ses 


TIME 


o roll near the core. The splicing 


operation is something that is 
within the control of the opera- 


F tors. Although all splices are 


inspected, or at least should be, 


Fic. 4 Typicau Cookinc Report 


and since paper mills run 24 
hours a day, six days a week, 


(The strength and the quality of the acid used in the cooking process are recorded on this form. Digester tem- occasionally this operation is not 


peratures and pressures are also progressively charted or recorded during the entire cooking operation. ) 


human element, the modern mill attempts to control by auto- 
matic means in so far as possible each process from the raw ma- 
terial to the finished product. When automatic means are not 
possible, adequate inspection and tests record the actual results 
throughout the entire range of operations. 

The modern newsprint machine operates at about 1000 ft. 
per min. This is equivalent to nearly 11'/, miles of paper per 
hour, and is about the same as a high-speed press producing 32,000 
copies per hour. The speed of the modern winder is sometimes as 
high as 2,000 or 2,500 ft. per min., and is as fast as the maximum 
speed of the most modern press. 


QUALITY OF 


In spite of all precautions taken to make a newsprint roll that is 


perfectly done. The basis weight 
and moisture content are carefully watched, but there is oc- 
casionally a variation which might be caused by any one of a 
dozen reasons, if the paper machine is not kept in absolute tune 
at all times and if the stock is not uniform. 


HANDLING AND SHIPPING 


The electric truck is a very important piece of equipment in 
handling and shipping nefsprint rolls. This machine will pick 
up a large roll whether it is on end or flat, and transport it in such 
a manner that the danger from injury to the roll is practically 
eliminated. A newsprint roll in the paper mill is never dropped 
when it is flat, and whenever it is necessary to tip it over, the 
necessary padding or mats are provided. Newsprint roll-han- 
dling methods similar to those often seen when a shipment is un- 
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loaded from the car to the delivery truck in the city would not be 
tolerated in the paper mill. Every precaution is taken in the 
plant to load the rolls for shipment in perfect condition, and 
moreover in such a way that there will be a minimum of transit 
damage. 

In brief, an attempt is made to standardize the entire operation 
of paper making from the wood to the finished roll and to hold to 


these standards. It is the function of the operators, pulp and 
paper testers, and the technical control department to see that 
the standard conditions are followed as nearly as is physically 
possible to make the product satisfactory for use in the operation 
of high-speed presses. 


[The discussion of this paper was conducted jointly with the following 
one, and appears after it. } 


«PAPER COMPANY. LimiTED 
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Fundamentals of Good Quality of Printing 
in Newspaper Plants 


By H. E. VEHSLAGE,' NEW YORK, N. Y. 


HILE the basic principles necessary to good printing 

are generally understood by printing craftsmen, these 

principles have not, to the author’s knowledge, been 

set down in coordinated form. The accompanying chart or 

tabulation is therefore offered in the belief that it will help to 

connect cause and effect in the newspaper branch of the printing 

art where the quality of product is often a secondary consideration 
as against speed of production. 

The tabular form has been chosen for its simplicity and for the 

ease with which cross-reference can be made. For the sake of 


1 Eastern Engineering Representative, Duplex Printing Press Co. 

Presented at the meeting in New York, N. Y., on February 7, 
1929, of the Printing Industries Division of THe AMERICAN Society 
oF MECHANICAL ENGINEERS, under the auspices of the Metropolitan 
Section. 


clearness, the subject has been treated from the constructive 
side—a statement of the fundamentals of good printing—rather 
than from the viewpoint of “trouble shooting,”’ except by implica- 
tion. The tabulation is designed merely to outline in simple form 
the basic conditions essential to good quality of printing. It 
does not pretend to be a guide to the causes of troubles, either as 
to poor printing, or low production, or other troubles. 

These fundamentals of good printing are believed to apply to 
the general situation in most newspaper plants. No attempt is 
made to include various conditions which, in the present state 
of the art, may properly be called special. For example, recent 
developments in materials for ink rollers have rendered the latter 
almost, if not entirely, independent of atmospheric conditions 
in the pressroom. However, the amount of glue and glycerin 
roller composition in current use appears to warrant considera- 


Factor 
Paper 
Color 
Texture 
Temperature 


Moisture-content 
Relation to ink 


Ink 


Pigment 
Vehicle 
Grinding 


Temperature 
Relation to paper 


Press 


Type or plate 


Impression surface 


Relative motion of printing and 
impression surfaces 


Inking 


Atmospheric Conditions 
Temperature 


REQUIREMENTS 


For appearance and legibility 

To absorb ink 

Warm enough to make paper soft, pliable, and 
absorbent, and reduce production of static 

Sufficient to permit absorption of ink where im- 
printed and in proper quantity, and to help 
minimize static 

After ink is procured, grade of paper should not be 
changed without testing its adaptability to the 
ink in use 


Adaptability to paper and to style of press at normal 
operating temperatures 


Warm enough for desired fluidity 


Quality of ink should be chosen with due regard 
to nature of paper on which it is to be imprinted 


Uniform height or thickness; also sufficient depth 


Hardness and durability of metal 


Uniform thickness of blanket 


Freedom from offset 


Uniformity of impression 


Adjustable supply, and adequate, uniform distribu- 
tion 


Heat, sufficient in degree and duration, to assure 
fluidity of ink, elasticity of rollers, pliability, soft- 
ness and absorptive capacity of paper, and re- 
duction of static 


67 


CONTROLLED BY 


Purchaser and supplier 
Purchaser and supplier 
Management and pressman 


Transportation agencies, management, and press- 
man 


Purchaser and supplier 


Purchaser and supplier 


Management and pressman 
Purchaser and supplier 


Typesetting machines, electrotypers, compositors, 
stereotypers, and their mechanical equipment 

Purchaser and supplier; management as to re- 
newals; operatives as to temperature and other 
conditions when casting 

Purchaser and supplier; pressman as to bolsters 
and sometimes as to blisters and injuries; man- 
agement as to replacements 

Purchaser and supplier; pressman as to temperature 
of ink, and impression for forcing ink into the 
paper, etc. 

Pressman as to equalizing impression at both ends 
of printing surfaces; press builder as to mini- 
mizing the springing of cylinders and clearances 
in bearings to prevent lost motion and rebound at 
margin 

Press builder as to adequacy of adjustment to vary- 
ing requirements, and as to adequacy of spreading 
ability and carrying capacity of distributing 
equipment; pressman as to adjustment of supply 
at fountain, setting of rollers for proper in- 
tensity and uniformity of contacts on drums and 
plates; pressman and management as to tempera- 
ture and fluidity of ink and temperature and 
elasticity of rollers; management as to deteriora- 
tion of rollers from age and as to replacement 
when needed 


Management and pressman as to maintenance of 
atmospheric temperature so that ink, rollers, and 
paper, as well as the air, will be at proper tem- 
perature when printing starts 
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Factor REQUIREMENTS CONTROLLED BY 
Humidity Relative humidity of the air at such a degree that Management and pressman as to provision of open 
— rollers and paper will retain a proper degree of water surface, water spray, or vapor for uni- 


formly humidifying the air throughout the 
pressroom at all times; management as to in- 
stallation of special equipment if needed 


natural moisture, so that rollers will retain their 
elasticity and that paper will remain pliable, 
not become unduly absorbent of ink and will be 


less liable to generate static electricity 


Static electricity To be minimized 


Management and pressman as to control through 
temperature and humidity; management alone 
as to installation of additional and special equip- 
ment if needed 


Time A schedule for each department from editorial to Management as to provision of efficient, reliable 


circulation allowing for proper functioning when 
operating efficiently, looking to avoidance of 
borrowing time from press schedule, stereo sched- 


ule, or make-up schedule 


tion of the effects of temperature and humidity on the ink-dis- 
tributing equipment. 

The factor of speed at which the press is run is omitted from the 
tabulation because the effect of speed on quality of printing is 
involved with and dependent upon so many other factors as to 
render it indeterminate by itself. In some plants the running 
speed unquestionably affects the quality of printing, but in such 
plants the physical condition of equipment and supplies is quite 
certain to be abnormal to some degree and in some way which 
would make such abnormality more responsible for the effects 
than the change in speed itself. Hence the omission of speed as 
a factor in this tabulation. 

In the list of controls it was endeavored to name them in the 
order of their importance or of the weight of their influence in 
controlling the factor in question. The order of their naming 
should be altered for some plants, but for most plants this order 
would seem to be approximately correct. 

Finally, this attempt to summarize the fundamentals of good 
printing in newspaper plants is not be considered complete or 
comprehensive. It is offered merely as a concise summary and 
with the hope that specialists in printing may be encouraged to 
contribute from their own experience to the records of advance- 
ment in the art. 


Discussion 


Freperic F. Baunson.?. Both Mr. Bearce and Mr. Vehslage 
made several references to the necessity of having humidity in 
the pressroom. It is also desirable to have humidity in the 
storage room in order to keep the paper rolls from drying out at 
the edges faster than they dry out at the center, and this means 
that the edges of the rolls will shrink and cause small cracks to 
form, which will run through the web, sometimes going completely 
through the web, and will stop production. To correct this we 
have put humidifiers in various pressrooms and storage rooms 
throughout the country. 

There is a question which has arisen in our experience on which 
we would like to have opinions. This problem arose in the press- 
room of a morning newspaper with a circulation around 50,000. 
The press used is a superspeed straight line of a well-known make, 
two units being about five years old and one unit about two years 
old, equipped throughout with the spray ink feed. 

The paper is issued in three editions. The first one goes to 
press about 11:30 p.m. and consists of about 17,000 copies; 
the second edition goes to press about 1:30 a.m. and is practically 
the same size as the first; and third, or local, edition goes to 


* Chief Engineer, The Bahnson Company, Winston-Salem, N. C. 
Mem. A.S.M.E. 


equipment, favorable working conditions within 
each department, efficient routing between de- 
partments, and favorable plant location and effi- 
cient transportation equipment for circulation de- 
partment. Department heads as to proper func- 
tioning of their personnel and equipment. An 
adequate schedule permitting proper functioning 
should assure good quality under aforementioned 
conditions 


press at 3:00 a.m. and is a little larger than either of the other 
two. The press is usually run at considerably less than maximum 
speed, because the time between the first and last edition is more 
than is needed for the actual run. 

The entire room seems to be filled with fine floating particles 
of ink which settle down on everything in the room. This is a 
very great drawback when the ink settles on humidifying equip- 
ment, because when the parts which normally are wet get covered 
with ink, water collects on these surfaces in drops which are apt 
to be thrown out or blown out into the room, causing objec- 
tionable wetting. Careful examination of the press while in 
operation fails to indicate any fog of ink in the immediate neigh- 
borhood of the spray feed, but where the web passes over rollers 
at the top of the press on its way to the folders quite a con- 
siderable fog is visible when the light is just right. 

My own theory regarding this condition is that fine films of 
ink are formed across low places in the paper and these films 
burst like soap bubbles when the printed web passes over the 
rollers at the top of the press and the speed of the paper causes 
sufficient air motion to carry these particles all over the room. 
This theory is confirmed by the fact that microscopic examina- 
tion, particularly of heavy-faced type on the printed sheet, 
shows a number of white spots, and these spots are not always 
in the same position, and they seem to be over very small but 
very distinct low places on the paper surface. 

In the particular pressroom under discussion we were able to 
add special devices to the humidifiers to overcome this trouble, 
but the fog of ink or floating ink particles which settle on top of 
all piping and all projections on walls and the upper sides of all 
horizontal parts of window sashes, etc., is naturally very ob- 
jectionable, and also indicates that a considerable amount of 
ink is being blown out into the air in the form of fine spray rather 
than doing its useful work on the paper. 

We would like to know whether this trouble is due to the quality 
of the ink or the consistency of the ink. We doubt if it is an 
inherent condition of the particular press and feed used in this 
pressroom, because there are other papers using high-speed 
presses that do not seem to have any such trouble in spite of the 
fact that when the humidifiers are run too long without cleaning 
they get coated with ink, but the ink does not seem to cause 
objectionable drops. 


James T. Pero.? What I have to say referring to newsprint 
is from the viewpoint of the pressman. 

The best color for paper, I think, is bluish white. It gives the 
best contrasts and makes for legibility. So far as texture is 


3 Mechanical Superintendent, The Press-Guardian, Paterson, N. J. 
Assoc. A.S.M.E. 
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concerned, I think the so-called ‘‘eggshell’’ finish (Mr. Bearce 
can tell you what the eggshell finish is), smooth but not too 
highly finished, will absorb ink more readily than a highly cal- 
endered sheet. 

Now we come to the question of the size of rolls. That has 
not been touched upon, but everybody realizes that the larger 
the roll that is put in a newspaper press the longer you can run 
your press before you have to change rolls; and there is much 
more paper on the top of a big roll than there is down near the 
core. I learned only today of one newspaper publisher who is 
demanding that the manufacturers supply him with a press 
that will take a roll 40 in. in diameter. When we ordered our 
last machine, I insisted that the roll stand should take rolls at 
least 39 in. in diameter. The largest rolls we can get the paper 
company to supply us with are about 37'/, in. I would like 
to have Mr. Bearce explain to us the difficulties or the objections 
to furnishing larger rolls. My experience has been that the larger 
the roll the better condition it is in when it reaches the pressroom 
and the press, although that might not seem to be quite possible. 
The answer, I believe, is simply that the paper handlers will treat 
a ton roll of paper with a lot of respect, whereas they will throw 
around a 500-lb. or a 1200-lb. roll. My experience has been 
that the large rolls are decidedly the best rolls. 

There should be much more moisture in winter than in summer, 
when the paper leaves the mill, unless paper can be humidified 
in storage previous to use. Paper should be humidified much 
the same, though in perhaps a minor degree, as the so-called 
dry mat is humidified—it decidedly aids ink absorption, which is 
the only practicable means of drying news ink. 

Newsprint varies considerably in printing quality even when 
produced at one mill. It will be generally conceded, I think, 
that newspapers are decidedly better printed in the summer 
than during dry, cold winter weather. I attribute this to the 
generally higher moisture content during warm weather. In 
the old days, when all newsprint was ‘“‘wet down” before printing, 
there was never any trouble about the ink taking to the sheet, 
though it is true that a very different quality of ink was used at 
that time.* As to the percentage of sulphite in newsprint, it is 
doubtful if that has any effect on the actual printing qualities 
of the sheet. 

Ink, even more than newsprint, is likely to vary in quality, 
particularly when bought in relatively small quantities, say in 
single or several barrel lots. When bought in large quantities, 
it is more likely to be of uniform quality. In any case, freshly 
ground ink is inferior to ink that has seasoned for at least a week 
ormore. The improvement due to seasoning is very pronounced. 
And a “long”’ ink is decidedly better than ‘‘short”’ ink. 

The temperature of the pressroom is very important, even in 
newspaper printing. The pressroom temperature should never 
be less than 72 deg., and 75 deg. would be better. As newsprint 
generally conforms to a somewhat elastic standard, so too news 
ink is fairly well standardized, though I have used ink that gave 
excellent results on the usual run of paper of domestic manufac- 
ture which would not print well on paper of foreign manufacture, 
proving that news ink must be suited to the paper it is to be 
imprinted upon. Perhaps the newsprint experts can tell us 
why the ink “takes’’ on one sample of newsprint and will not 
“take” on another, though we are not of course forgetting the 
effect of high finish. 

It goes without saying that newspaper stereotype plates should 
be of very exact thickness, and the other dimensions also should 
be uniform. Though thickness is of paramount importance, 
yet it is a fact that stereotype plates are sometimes found several 
thousandths thicker at one end than at the other. Sufficient 
depth both of advertising electrotypes and type matter is of 
course necessary. Linotype and stereotype metal must of 
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course be of good quality and kept in good condition. It may 
well be said of all type metals that ‘cleanliness is next to god- 
liness.”” Press blankets must be of uniform thickness over all 
parts of the surface and must have a maximum of resiliency, yet 
be firm of surface, even approaching hardness, to resist embossing 
effect and wear due to friction and the action of oil and ink; 
a quality of softness to bring up low spots and poor type surface 
and sufficient hardness to print halftone cuts to the best ad- 
vantage. 

It is up to the pressman to apply and maintain proper impres 
sion. Some pressmen are very particular to carry uniform 
impression on all cylinders; other pressmen argue that the first 
impression should be somewhat heavier, in order to prevent offset 
by forcing the ink into the paper. Both pairs of cylinders should 
of course be parallel. 

The ideal high-speed press, I think, will have cylinders of 
maximum weight and rigidity, with suitable and generous bear- 
ings of minimum clearance supported in heavy, rigid frames. 
Heavy cylinders absorb the shock and vibration of plate im- 
pression impact, and act in a way like a flywheel. In contra- 
diction to the foregoing, I believe many white streaks across 
the printed page are due not to a “jumping” cylinder, but to 
loosely fitting plates or to loosely fitting or worn clips. I have 
taken the so-called jump out of cylinders by taking the play 
out of the clips, thereby holding the plates firmly to the cylinder. 

As to the methods of inking the plates and controlling the 
supply, here would seem to be a fertile field for the inventor. 
At present we are offered a choice of three systems: 


(1) The tried and true ductor, with its shortcomings 

(2) The ink pump, which some like and some do not 

(3) A new application of a fairly old idea, the wiping of a 
film of ink from a slowly rotating cylinder upon another 
rotating at web speed and about 0.001 in. away from 
the first cylinder. 


The pressman needs the best, the simplest, and the surest, if 
he is to produce a good quality of printing. 

The control of the ink supply has received much study, but 
the increasing use of halftones and the presence of several half- 
tones in a single column 21 in. long furnishes a severe test for the 
best supply and distributing system now available. I therefore 
suggest that this offers an opportunity for the inventor who would 
improve the quality of printing in newspapers. 

Another subject worthy of attention is the matter of web 
control. The unequal pulling power of different plates, with 
different proportions of type space and blank space, creates a 
tendency of the web to sway from side to side, even if the paper 
roll is uniform. This may result in unequal margins and offset 
from one sheet to another between the pinch rollers. Adjusting 
the tension is a makeshift which sometimes results in excessive 
tension; and automatic tension cannot compensate for unequal 
drawing power of different plates. I once proposed an in-feed 
device (about 1896 or 1897) consisting of three metal rollers, 
banked in triangular setting, with the web wrapping almost 
completely around the middle or top roller. To my surprise 
I found this idea has been incorporated in several presses without 
my knowledge, but has apparently since been discarded. The 
tape in-feed system has long been applied to flat-bed presses. 
Whether the in-feeding principle should be applied separately 
and apart from the tension or friction-breaking principle, and the 
two opposed to each other in the same press, is a question which 
time and further development must determine. It is here, how- 
ever, that I think we should look for some means of overcoming 
current troubles with irregular margins and the offsetting which 
occurs in such margins to the detriment of the paper’s appearance. 

Finally, I think the solution of the problem of web control lies 
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in the direction of semi-automatic control of all web tensions 
from one central station, say at the folder delivery, and under 
the control of one man. 


S. Rosenzweia.‘ A factor in attaining the good quality of 
printing covered in Mr. Vehslage’s paper is the isolation of ma- 
chine vibrations and noise. It has become more serious with 
the tremendous increase of machinery and the tendency toward 
higher speed and is produced by even the best-balanced machines 
of the finest makes. 

Progressive engineers, manufacturers, and users of machinery 
have long recognized that this invisible and insidious nuisance 
does considerable harm and damage. When designing machine 
foundations for buildings and plants, careful consideration is given 
to this problem. 

Wear on machinery, inferior production due to the inter- 
ference with fine adjustments, lowered efficiency of operators, 
and increase of accidents are some of the local effects of vibration 
and noise. Alternating stresses are set up in the building struc- 
ture which are much more dangerous than static loads and are 
harmful to the building materials. 

Vibration and noise is an old condition in pressrooms. Printers 
have long since realized, though, that much can be gained in the 
efficiency of operators if they eliminate the vibration of heavy 
presses, cutters, etc. 

The absorption of printing-machinery vibrations, particularly 
those caused by cylinder presses, has been a perplexing problem. 
Manufacturers of printing machinery employ air cylinders with 
pistons to cushion the blow of the reciprocating type of bed 
traveling back and forth. Yet in spite of these precautions a 
terrific impact is transmitted through the frame of the press to 
the floor of the building. Accumulative action of many such 
presses in operation at the same time will set buildings, particu- 
larly those of steel and concrete, into a rocking and swaying 
motion. 

The isolation of machine vibrations has been successfully 
solved with a natural cork foundation. These cork foundations 
are made in various thicknesses from 1'/; to 3 in., of pure natural 
cork strips bound together with a steel frame. The cork should be 
treated with special oils to preserve its natural resilient properties. 

The arrangement of a cork foundation depends somewhat 
upon the type of machine to be isolated. Cylinder and flat-bed 
presses, job presses, cutters, linotypes, etc. are usually mounted 
on skids without being fastened to the press floor. Cork plates 
the same size as the skids, usually not less than 10 in. wide and 
extending over the length of the machine, are placed under them, 
and the machine is erected and leveled on the skids in the usual 
way. 

Floors which oscillate vertically under the impact of machinery 
indicate weakness of construction. In such cases it is recom- 
mended to first place a concrete block or heavy timbers on the 
floor extending over a number of joists or beams before placing 
the cork foundations. The load is thereby distributed over a 
larger area than is possible by the frame of the press, which 
usually concentrates its load at a few points. 

Newspaper and other large heavy presses are usually placed on 
and bolted to a concrete block. This foundation is effectively 
isolated by placing the cork bases underneath it and at the sides, 
wherever they come in contact with the building structure. 
As the bolts do not pass through the cork the whole foundation 
is floated on the isolating material. 

Isolation should be provided before the installation of the ma- 
chine is made. It is more expensive and troublesome to install 
it after the machine has been put in operation. 


4 President, The Korfund Company, New York, N. Y. Mem. 
A.S.M.E. 


A Memser. I want to know why they do not make the 40-in. 
rolls of paper. 

Mr. Bearce. The usual diameter for standard news rolls is 
between 30 and 34 in., and we have designed our machinery to 
make these sizes. We recently changed over some of our winders 
to make 37-in. rolls. It is possible for the paper mill to make 
40-in. or even 60-in. diameter rolls if necessary, although in most 
cases a large increase in diameter would require some mechanical 
changes in the mill. The increased sizes of roll diameters would 
make a difference in shipping in the regular freight car. Per- 
haps we would not get quite as large tonnage in the standard 
car, but be able to get a minimum car load. 

In reference to the point which has been brought up regarding 
better conditions of pressroom operation in the summer, I would 
assume that it is not entirely due to the moisture in the paper, 
because we have mills that make paper in the winter time, store 
it from one to five months in the winter, and then ship it all in 
the summer. Therefore some of the paper made in the winter is 
used in the summer. We would assume from this that the mois- 
ture or humidity in the pressroom has perhaps a greater effect. 
upon operating conditions than the moisture in the paper. 

The eggshell finish, as Mr. Peto brought out, is not quite as 
highly calendered, and the original moisture in the sheet is held 
a little lower in order to get that particular eggshell finish. 
The term “eggshell finish’’ is more properly applied to a high- 
grade book or writing paper, but it is sometimes applied to news. 


CuHarves A. WapswortsH.® Is there any movement restricting 
the shades of newsprint paper or any objection to paper being too 
white? 

Mr. Bearce. So far as the manufacturer is concerned, we 
make almost every shade of paper, and it is possible to make 
every shade. That is not a factor in the manufacture. 


Watrer E. Wives. I want to ask Mr. Bearce what effect 
the very great increase in the speed of operation of paper-making 
machines has had upon the tensile strength or the quality of the 
paper. If I remember correctly, it is not so many years ago that 
paper machines were run at a speed of about 500 ft. per min. 
Now they run them at about 1000 ft. per min. What effect 
has that had upon the paper? 

Mr. Bearce. As to the effect on paper of speed, it is true 
that about ten years ago a speed of 500 ft. per min. was con- 
sidered fast. We are operating at 1000 ft. per min. on the 
modern machine. We are making paper that has virtually the 
same ‘“‘pop’’ test or the same strength. It might be that the 
formation of the paper, as you look through it, might be a little 
different. However, we have improved, we believe, the calender- 
ing process, and further experiments are being made on that in 
order to get a flat sheet of paper without any depressions, even 
very small ones. Therefore, we feel that the strength of the 
paper has not been decreased. We can keep that up to a certain 
limited extent by the adjustment of the groundwood and sulphite, 
but there might be a slight difference in the character of formation 
of the sheet, which in itself is not a very important factor, as 
we see it, in printing. 

Mr. Pero. Might it not be a good idea if the manufacturers 
did not run the machines quite so fast and gave the inspectors 
an opportunity to do a little better inspection? I am speaking 
from the standpoint of the man who runs the press, the man 
who gets all the “kicks;’”’ and I think if the men who are in the 
mill could be brought down to New York City and go to see The 


5 New York Representative, Baker Mfg. Corp., Saratoga Springs, 

® Manager, Mechanical Department, American Newspaper Pub- 
lishers Association, New York, N. Y. Mem. A.S8S.M.E. 
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New York Times, The New York Tribune, or any of the larger 
papers, and find out just what happens to their paper, they might 
be a little more careful in its manufacture. 

I had the privilege two or three years ago of being invited up 
to one of the mills of one of these large paper companies to talk 
to the men. They were making paper for me. I went up there 
and I explained to these men just what happened in my press- 
room and what it meant to me, and the resultant improvement 
in the paper that we received after that was just simply mar- 
velous. Our cuts, our bad splices, and our various faults were 
cut down 75 or 80 per cent just because I made the men see that 
a little care on their part meant a whole lot less trouble to me. 

Mr. Bearcs. I thoroughly agree with you that this is an 
important point, the personal contact between the manufacturer 
and the user of the paper, whether we come down and visit you 
or you go and visit the mill. That is really a fundamental 
point. I think both appreciate the difficulties of the other. 

So far as the diffecence in speed of the paper as it is going down 
the machine is concerned, it is not entirely the speed of the ma- 
chine that makes a difference in the quality of paper, but it is 
more the personnel and the inspectors and that personal element 
that comes into the testing and controlling of the entire paper 
operation. In one of our high-speed mills we have relatively few 
complaints, whereas in another one where they have almost the 
same conditions they have very many more difficulties. We 
attribute that largely to the personnel. That mill has not been 
operating so long and we have more difficulty in getting trained 
inspectors to give us the right quality of paper and to be assured 
that everything goes out as nearly up to standard as possible. 

As to the reduction of speed, the high-speed newsprint mills 
must base their profits on production. If we should slow down, 
say, to 25 per cent, our production would be 25 per cent lower 
and our costs would go up in almost inverse proportion. Con- 
sequently, we would either have to charge more for paper or go 
out of business. 

Mr. Peto. I never send a complaint to a mill that I do not 
send the ticket from the roll and the evidence, the bad splice or the 
torn edge, or whatever it may be, along with the complaint. 
Would it not be a very good idea, psychologically, to post 
up on the bulletin board that ticket and that bad splice or that 
slime spot or that calender cut, as the case may be, so that the 
man who ran the machine could not only see the result of his 
poor work, but also that his fellow workmen could see it? 

Mr. Bearce. That is a very good suggestion. 

A Memser. Is it not a fact that since the day when paper 
was made at 500 to 600 ft. per min. up to today, when it is being 
made at 1000 ft. per min., additional driers have been put on 
the machine, so that we get almost the same or equal quality 
of paper today at 1000 ft. per min. as we got when they ran the 
machine at only 400, 500, or 600 ft. per minute? 

Mr. Bearce. Absolutely; the design of the machine takes 
care of that. 

CuarRMAN Huson. Weare talking today in terms of calender- 
ing machines that perhaps would have been considered very wide 
if they were 8 ft. Today we are building calendering ma- 
chines which are 300 in. wide. That means a roll run out four 
widths of the average newspaper width, and that is running at 
1000 ft. per min. It is a great, monstrous machine that requires 
all the keen attention of which Mr. Bearce speaks. The trend 
of the times is toward big things, and we have to realize that and 
we have to get it. If an 84-in. roll will require only one-quarter 
of the lost time in changing rolls, sooner or later we will have to 
come to it. We have to eliminate all the lost motion and time, 
in printing newspapers particularly, so as to get them to the 
people with the least possible delay. That is the trend of the 
times, and newsprint and everything else has to follow it. 


J. C. Fatxner.? Mr. Bearce, why do you use alum as a 
constituent of paper? 

Mr. Bearce. Alum, for one thing, helps to set the color. 
It also prevents sticking on the presses, or it makes the entire 
sheet in its wet form slightly more adhesive unto itself, but keeps 
it away from the rest of the machinery. 


Eric H. Laass.§ What is the ultimate tensile strength of the 
paper per inch of width, considering 8 to 10 per cent moisture? 

Mr. Bearce. It is about 3 or 4 kilograms on a one-half inch 
strip; it is about 14 lb. on a strip 1 in. in width. 

Mr. Laass. And what is the allowable tolerance of thickness 
in the paper? 

Mr. Bearce. It runs about three ten-thousandths, one way 
or the other. 

Mr. Laass. What is the elastic limit or stretch? 

Mr. Bearce. Mr. Reed says from 1 to 2 per cent in the 
machine direction. 

Mr. Laass. And what is dependent upon the moisture con- 
tent? 

Mr. Bearce. It is affected considerably by the moisture 
content. 


Epwarp O. Reep.® Your breakage at low moisture content 
is due to lack of flexibility, I think. The higher the moisture 
content, the lower the tensile strength. Yet your printing is 
probably better and your breakage less because the paper has 
more flexibility or stretch. 


H. F. Hoeveu."© Mr. Vehslage has informed us in his very 
interesting paper that uniformity of impression is an important 
factor toward good printing. By placing the press on a cork 
mat, which will take up shocks and jars in an elastic way, the 
smoothness of the operation and the uniformity of impression 
will be greatly increased. This will also reduce wear and tear 
in the bearings, thus extending the life of the machine. The 
installation of a cork mat under a press offers other important 
advantages. 

The operation of a high-speed newspaper press causes vibration 
and noise; noise being vibrations of a higher frequency so that 
they are audible. Vibration and noise will spread through the 
foundation of the press into the soil and will be transmitted into 
the parts of the building. 

Stone and steel, of which our modern buildings are constructed, 
are much better conductors of vibration and noise than air and 
will transmit vibration and noise very far, so that they will be 
disturbing in all parts of the building. 

Vibration and noise will be especially troublesome wherever 
certain parts of the building, such as light walls, floors, or parti- 
tions, have the same natural frequency as the vibrations pro- 
duced by the rotating parts of the press. Then harmonic vibra- 
tions will be set up, which accounts for the fact that often the op- 
eration of a machine can be heard more clearly at a considerable 
distance from the machine than when standing close to it. Ina 
high-speed newspaper press, which we have been informed has 
more than 400 gears running with a great variety of speeds, 
vibrations of many different frequencies will be set up, and many 
parts of the building will consequently vibrate in synchronism. 


7 Assistant to Research Engineer, New York Edison Company, 
New York, N. Y. Assoc-Mem. A.S.M.E. 

8’ Engineer, Cutler-Hammer Mfg. Co., Milwaukee, Wis. Mem. 
A.S.M.E. 

® Technical Director, Government Printing Office, Washington, 
D. C. Member Research Committee, Printing Industries Division, 
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10 Treasurer Cork Foundation Company, New York, N. Y. Mem. 
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As editorial rooms and executive offices are usually located in 
the same building on the ground floor of which presses are in 
operation, vibration and noise in the building are very disturbing. 
In the pressroom the vibration and noise of the operation of the 
press have a telling effect upon the health and nervous system of 
the operators. It has been proved through experiments that 
the efficiency of the force is increased by 20 per cent through the 
elimination of vibration and noise. 

The only safe way to protect the building and its tenants 
against the disturbing influence of vibration and noise is to isolate 
the press and its foundation from the building and from the soil. 
This has been done effectively through cork foundations in many 
prominent plants. These cork foundations are made of natural 
cork securely held in steel frames and treated and impregnated 
in a special way. They are impervious to oil. The cork founda- 
tions are arranged under the foundation block of the press and 
on the sides wherever it may come in contact with walls or col- 
umns, creating a floating foundation whereby the press and its 
foundation are separated everywhere from the soil and from the 
building through an elastic isolating material. The noise of the 
press does not spread very far through the air. With an effective 
cork foundation the noise caused by the operation of the press 
cannot be noticed outside of the pressroom and is greatly reduced 
in the pressroom itself. 

Four years ago Snyder & Babbitt in Columbus, Ohio, specified 
and used a natural cork mat under the press foundation of four 
Hoe Sextuple presses of The Columbus Dispatch, with very 
satisfactory results. Howell & Thomas, architects and en- 
gineers in Cleveland, Ohio, specified and used natural cork 
mats under a press foundation for 48 Goss presses of The Pitts- 
burgh Press and for 22 Goss presses of The Rochester Times- 
Union. Holabird & Root in Chicago specified cork mats for the 
isolation of two Goss five-unit and folder presses of The Chicago 
Evening Post and for The Chicago Daily News 60 Hoe Super- 
Units. 

CHAIRMAN Huson. Questions have been handed in for Mr. 
Bearce’s attention: ‘What is the proper humidity content of 
newsprint paper and what is its importance? Are the present 
methods of humidity control satisfactory?” 

Mr. Bearce. When you speak of humidity of newsprint 


paper, if I understand the question, you have reference to the 
so-called moisture content. We refer to humidity as the humidity 
of the air. There is a definite relation between humidity and 
moisture content for a certain type of paper. For newsprint, 
the moisture content and equivalent humidities of air are theo- 
retically as follows: 


Relative humidity Percentage moisture 


30 4.0 
40 47 
50 
60 6.1 
65 6.6 
70 7.2 
75 7.9 
8.7 
85 9.6 
90 10.7 


If a sheet of newsprint paper is exposed to air having a humidty 
of 60 per cent, it will stabilize itself at about 8'/. per cent mois- 
ture. If you take a sheet of paper which contains 8'/, per cent 
moisture at 80 per cent humidity, and transfer it to a room having 
40 per cent humidity, the moisture in that paper will drop to 
about 4.7 per cent in a few minutes. We like to run the sheet 
of paper from 8 to 9 per cent, and we believe if we get it over 
9 per cent it is a better product. 

We have been trying out a new humidity instrument at one of 
our plants. This indicates the moisture content of the sheet 
of paper by placing it on the paper for a few minutes. We 
made one test by wetting the paper so that it contained approxi- 
mately 8 per cent moisture. This sheet was then held in the air 
for a few minutes and because of the low humidity in the room 
where the sheet was tested, it quickly lost its moisture and 
dropped to the stabilizing point of the room humidity. This in- 
dicated that a sheet of paper will quickly dry out and lose its 
moisture in a dry room. It becomes more brittle as it dries out, 
tends to tear easier, and doubtless will not operate as well going 
over the presses. We prefer to have a fairly high moisture con- 
tent in the sheet and believe that if the pressroom carries a high 
relative humidity the paper will operate more satisfactorily over 
the presses. 
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The International Conference of the 
Technical Experts in the Print- 
ing Industry on the Need 
for Research 


Printing Industries Division of the A.S.M.E. Calls Forum of Twenty-Six 
Organizations Connected With the Graphic Arts to an Intimate 
Exchange of Problems and Experiences to Be Crystallized 
Into Greater Progress and Coordinated Action 


FOREWORD 


HERE was held on November 7 and 8, 1929, at the Carnegie Institute of Technology in Pittsburgh, Pa., a 

world congress of the key men in the printing and allied industries to consider the need for coordinated and 
cooperative research in the endeavor to aid in finding a solution for some of the problems of the trade. The con- 
ference was called by the Executive Committee of the Printing Industries Division, Edward Pierce Hulse, chairman, 
at the suggestion of the Survey and Research Committee of the Division, Arthur C. Jewett, chairman, and was held 
under the auspices of the Pittsburgh Local Section of the Society, Strickland Kneass, chairman. 


Twenty-six national and international organizations participated in the conference, sending their delegates 
and other members. Of these there were the nineteen great associations that represent every branch of the industry 
and its many interests; there were four of the larger city associations; and there were three engineering organi- 


zations connected by interest with the industry. The twenty-six were as follows: 


American Society of Mechanical Engineers National Publishers Association 


United Typothetae of America National Association of Book Publishers 
New York Employing Printers Association Publishers Association of New York 
International Association of Printing House Associated Business Papers 

Craftsmen American Association of Advertising Agencies 
Club of Printing House Craftsmen of New York Association of National Advertisers 4 
Employing Bookbinders of America International Printing Supply Salesmen’s Nj 
American Photo-Engravers Association Guild ar 
Photo-Engravers Board of Trade of New York International Trade Composition Association s) 
International Association of Electrotypers International Printing Pressmen and As- 
Lithographers National Association sistants Union 
Lithographic Technical Foundation American Management Association 
National Association of Printing Ink Makers American Institute of Graphic Arts 
Technical Association of the Paper and Pulp Society for the Promotion of Engineering Edu- 

Industry cation 


American Newspaper Publishers Association 


The attendance of 330 included the leading minds in the industry. There were four sessions held in the two- 
day conference, each one presided over by a chairman nationally known as an outstanding figure in organization 
work, and each session also had a presiding officer, chosen from the Division membership of the Society, whose chief 
function was to so apportion the time to the speakers that each should have ample opportunity to present his subject 
and yet to see that all should be heard, and to include brief time for discussion. 

There were twenty-one addresses on the program, each one delivered by the acknowledged expert in his field. 
These addresses covered every phase of the industry that was subject to the benefit of research, with also several 
addresses by engineers who could explain the aid that other industries had received from research. 

A banquet was given on the first night at the Schenley Hotel, at which the toastmaster was Dr. Thomas Stock- 
ham Baker, President of the Carnegie Institute of Technology. The speakers included the prominent delegates 
from abroad in brief remarks, with two formal addresses, by Mr. George R. Keller, of Detroit, President of the 
United Typothetae of America, and Mr. Frederick M. Feiker, Managing Director, Associated Business Papers, 
73 


“ 
| 
j 
4? 
if 
ih 
wy 
| 
¥ 


74 TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


Inc., and Chairman of the Advisory Committee, Census of Distribution, U. S. Department of Commerce, .Wash- 
ington, D. C. (formerly Assistant to the Secretary, the Hon. Herbert Hoover); member of the Executive Committee, 


Printing Industries Division, A.S.M.E. 


A luncheon to the delegates was given at noon of the second day in the new plant in Allegheny of the Miller 
Printing Machinery Company. President F. F. Nicola was the host, and the threescore taxicabs that rushed the 
delegates through the streets of Pittsburgh and Allegheny resembled in a way the famous taxicab army moving out 


from Paris. 


The last night of the conference was marked by a business dinner at the Schenley Hotel, at which the resolution 
offered early in the conference for the setting up of a Graphic Arts Research Foundation was unanimously ap- 
proved, and the Resolutions Committee that had presented it was made the Ways and Means Committee to carry 


out the organization of the Research Foundation. 


This conference, the first in the printing industry in which there was engineering participation, was perhaps 
the most notable ever held in the history of the industry, for it was general and inclusive in the representation of 
the interests of the industry and called forth the leading figures of all its branches, and it also was unanimous in 
its desire to carry out the conclusions reached by the delegates to the conference. 


First Session, Thursday Morning, Nov. 7, 1929 


Purpose in Calling a Conference of the Tech- 
nical Experts in the Printing Industry 


By EDWARD PIERCE HULSE,'! NEW YORK, N. Y. 
(General Chairman of the Conference) 


E ARE GLAD to have the brief welcome to Pittsburgh 
from Mr. Strickland Kneass, chairman of the Pitts- 


burgh Local Section of The American Society of Me- 
chanical Engineers, and also we are glad to come to Pittsburgh; 
and in saying that I speak not only for The American Society of 
Mechanical Engineers but for all of the organizations partici- 
pating in this conference on research. Pittsburgh probably more 
than any other city has benefited by research. It is the word 
that unlocks the gate to the prosperity of competitive business 
of the future. 

Dr. Calvin W. Rice, widely known as the Secretary of the 
A.S.M.E., has fittingly said: ‘The continued prosperity of this 
nation and obviously of any industry is dependent upon research.”’ 

In his address at Dearborn, Mich., on the occasion of Light’s 
Golden Jubilee, President Hoover paid tribute to Thomas A. 
Edison as an inventor who used the powerful tool of research. 
“Tn earlier times,” said the President, ‘“‘mechanical invention had 
been the infrequent and haphazard product of genius in the wood- 
shed. But science had become too sophisticated a being to be 
wooed in such surroundings. Nowadays a thousand applied- 
science laboratories, supported by industries of one country, 
yearly produce a host of new inventions. Research, both in pure 
science and in its application to the arts, is one of the most potent 
impulses to progress.”’ 

In the first Henry Robinson Towne lecture, delivered on 
December 1, 1925, at the annual meeting of The American 
Society of Mechanical Engineers, President Hoover, then Secre- 
tary of Commerce, speaking on research, said: ‘The day is gone 
by when we can depend very much on consequential discovery or 
invention being made by the genius in the garret. A host of 
men, great equipment, long, patient, scientific experiment to 
build up the structure of knowledge, not stone by stone but grain 
by grain, is today the fundamental source of invention and dis- 
covery.” 


1 Associate Editor, Mechanical Engineering; Chairman, Executive 
Committee, Printing Industries Division, A.S.M.E. 


Research has paid handsomely in this country. It has in- 
creased our financial prosperity, it has extended our physical 
comfort and length of life, and it has added luster to our honor 
by developing great men. It is the process by which civilization 
advances, for it makes possible the bringing of light to all. 

Few individuals or organizations working alone, and this is 
especially true of the industries in the graphic arts, could afford 
the time or the money to secure this valuable information. It 
may best be had through coordinated and cooperative research. 

The assistance which this Division has given to the industry 
so far has been through regional and national meetings where dis- 
cussion has been carried on that has opened up some of the special 
problems of the industry. Papers have been presented by leaders 
in these special lines, and these papers have been followed up 
by discussion from the floor by all who were interested in the 
solution of these problems.. There have been meetings in Min- 
neapolis-St. Paul on paper pulp and the machinery for its con- 
trol; in New York City on technical investigation and on pro- 
duction and management; in Rochester on standardization of 
colored inks and on photoengraving and allied subjects; in New 
York City on paper and ink as the raw products of manufacture 
and the things that affect them in the pressroom, such as tem- 
perature and humidity and static; and the recent meeting in 
New York City on high-speed newspaper printing and on press 
control and newsprint manufacture. 

These meetings are very good, so far as they go; but after all, 
they are capable of attacking only specific details of the many 
problems of this great industry and of reaching only a compara- 
tively few of those who are or should be interested. 

All this only leads us to realize that a larger effort must be 
made and a more comprehensive plan developed for reaching 
those who will be benefited by the engineering approach to their 
problems. This Division has the full backing, in its efforts to 
aid this particular branch of industry, of the 19,000 members of 
the Society, and it may draw for assistance upon the experience 
of all the other divisions in their fields. The Management 
Division, the Materials Handling Division, the Applied Me- 
chanics Division, among others, can be of help to the Printing 
Industries Division. 

It has been realized that something must be done right now, 
of a basic and fundamental nature, if this Division is to have its 
part in meeting the needs of the industry and in making an ef- 
fective analysis of the faults that reduce the profits of those en- 
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gaged in it. We are not academic; we are practical. We must 
aid in organizing a real procession, and it must know where it is 
going. Some of the efforts that have been made in the past have 
started off bravely enough, but as time has passed the pace has 
slackened, the interest has evaporated, and the concerted effort 
has come to a halt, with its banner in the street, the drums 
stilled, and the followers sitting on the curb wondering over what 
was the destination that they started out to reach. 

First of all, we must determine the needs of the industry. 
Fortunately, in this research conference, composed of the finest 
minds in the industry, we have the channel through which these 
needs may be determined. The key men of the industry, here 
gathered, can determine the outstanding needs of this major 
industry that will be benefited by research, and from these facts 
may formulate the program which shall be the guide for future 
efforts. 

Nearly all of the branches of industry which process or manu- 
facture the raw materials used by printers are affiliated in some 
way with some institution involving research. The pulp and 
paper makers have identified their activities with the Forest 
Products Laboratory at Madison, Wis., a branch of the Depart- 
ment of Agriculture. The ink makers are deep in research. 
The manufacturers of lithographic inks and the lithographers 
have subscribed to the Lithographic Technical Foundation. 
The manufacturers of lithographic and spirit varnishes are either 
connected with some research bureau or conduct their own. 
This is true also of the manufacturers of other important materials 
which enter into the operation of a plant. Some of the great 
trade associations have their research men, notably the book- 
binders, the newspaper publishers, the advertising men. 

Coordinated and cooperative research, embodied in one great 
organization, may be the result of this conference. It is in the 
mind of many. A letter just received from the head of a com- 
posing room in an Illinois city, who cannot himself attend, re- 
veals some of the hopes that are in the hearts of all. This 
letter says: 

With the wide limits of tolerance now permitted in much of the 
material and many of the machines the printer is compelled to use; 
with the multiplicity of various so-called “standard” thicknesses 
of plates and heights of base; the differing measurements adopted 
by manufacturers of type and of line-casting machines, it seems the 
printing industry has lagged far behind industry in general in adopt- 
ing real and meaningful standards. There appears to be room for 
much printing engineering and the development of printing engi- 
neers. Pressroom humidity, control of static electricity, printing- 
press-roller composition, type-metal composition, and control of 
vibration and noise are other subjects on which the printer can find 
but little information and matters on which but slight advancement 
has been made as compared with the growth and importance of the 
craft. I shall watch with interest the results of the forthcoming 
conference. 

This is the first great gathering of the technical experts in the 
industry, and it has the strong support and the good wishes of 
the two greatest engineering organizations in the world, as at- 
tested by letters just received. 

The first is from Dr. Elmer A. Sperry, the great President of 
The American Society of Mechanical Engineers. Dr. Sperry 
writes to us: 

My absence in Japan to attend the World Engineering Congress 
makes it impossible for me to be present in person to extend greetings 
on this auspicious occasion. 

The printing industry is one of the largest and most important 
in the United States. The Society not only obviously has an obliga- 
tion to the industry which it is most anxious to perform, but has 
such an intimate and natural relation to it that it will be the greatest 
honor to us to render it all possible service in the years to come. 

Thus it is a great privilege for me to send the greetings of the 
Society to this meeting, involving as it does an unusually compre- 
hensive program, and to pledge every resource of our great organi- 
zation to support this important industry. 
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Then through Doctor-Engineer Conrad Matschoss, of Berlin, 
we have this greeting from Europe’s greatest body of engineers, 
the Verein deutscher Ingenieure, of which he is the director: 

It is our wish to congratulate The American Society of Mechanical 
Engineers for being the first of the great engineering societies to 
include in its activities the vast and important field of printing 
technic. 

In printing engineering there are many important problems to 
be solved, and it must be regarded as a great task for engineers to 
develop the eminent work of Gutenberg in cooperation with all who 
are interested in the printing industries. It assumes a special sig- 
nificance for the scientific societies, as they use this art as a means to 
give publicity to the results of their labors. 

We especially desire to convey to your meeting the best wishes 
of the Verein deutscher Ingenieure for a full success, and you would 
oblige us very much by letting us know the practical results of the 
Pittsburgh conference. 

We hope for something tangible from this conference on re- 
search. Whatever that is to be will lie entirely with the organiza- 
tions taking part, in their subsequent action. Our effort is 
aimed at developing the need for research in the printing industry 
and in showing the tremendous benefits that have resulted in 
other industries, together with such engineering applications as 
materials handling and management. 

You are to hear from some of the greatest authorities in this 
and other lands. In each field the man has come here who is the 
outstanding leader in that field. They will tell you what research 
has done and what it may do for the prosperity of the industry. 
Never before have sessions of a printing meeting been so packed 
with addresses, and they will have to be run off on engineering 
schedule to get them all in—but fortunately you will be given 
solid meat with no trimmings, and each speaker will give you 
his information and advice in as condensed a form as possible. 

That is the reason why we have for each of the four sessions a 
chairman who is a foremost representative of printing organiza- 
tion work to outline the subjects of each session and the addresses 
to be made and then a presiding officer who in each case is a mem- 
ber of the Society (as also are some of the chairmen) and who will 
not perform the graceful offices of the chairman, but rather will 
have somewhat the difficult task of a train dispatcher and who 
will endeavor to see that éach speaker has his proper time. This 
is the usual way in which our engineering meetings are run, and 
we trust that you will appreciate this demonstration of orderly 
schedule. 

The conference is now in the hands of the delegates. 


Larger Use of Engineering in Printing Produc- 
tion Is Predicted 


By GEORGE R. KELLER,? DETROIT, MICH. 
(Chairman of First Session) 


HIS conference which has been called by the Printing 

I Industries Division of The American Society of Mechani- 

cal Engineers is for the purpose of finding out what engi- 
neers can do for the printing industry. 

The printing business has been one of small units, and until 
recently there were very few plants large enough to hire engineers 
to help them in their problems. The rapid concentration of the 
printing business into larger units predicts a much larger use for 
the science of engineering in our production. 

The United Typothetae of America, of which I am president, 
is spending approximately one million dollars a year along edu- 
cational lines, and for that reason we are vitally interested in the 
deliberations of this conference. I assure you of our appreciation 
of the privilege of taking part. 


? President, United Typothetae of America. 
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A Plan for a Printing Research Foundation 
By ARTHUR C. JEWETT,* PITTSBURGH, PA. 
(Presiding Officer of First Session) 


OMEWHAT over a year ago the Printing Industries Division 

S of The American Society of Mechanical Engineers organized 

a Survey and Research Committee to determine the status 

of research relative to the printing industry and to take such 
action as seemed necessary for its further development. 

A short study of the situation revealed that there was a wide- 
spread opinion in the industry to the effect that considerable 
printing research work was in progress. Investigation proved 
that such was not the case, reports of such research activities 
usually being traceable to one of three or four sources. In many 
cases the research work reported consisted only of some super- 
ficial investigation, often of a commercial character, and even 
allowing for some really well-conducted technical researches, it 
might fairly be said that the research program lacked both 
breadth and depth. 

At the Rochester meeting of this Division in November of 
last year the Survey and Research Committee presented a report 
which read in part as follows: 


All here recognize the magnitude and extent of the printing industry 
and the great variety of its related interests. ... The briefest analysis 
serves to show that in this field there awaits solution a vast number of 
problems concerning the improvement of material qualities and oper- 
ating methods, the standardization of grades and sizes of materials 
and equipment, and of working conditions in the printing establish- 
ment. The opportunities for profitable research are almost unlim- 
ited. It is obvious that no one organization or agency would alone 
show much progress in comparison to this extensive field. 

There are, however, scattered about America from coast to coast 
many organizations and individuals who are making a localized at- 
tack on this large field. Those researches vary from the scientific 
and basic to the superficial and slightly organized. When all those 
efforts are considered, there is still more to be done than has yet been 
attempted. At the same time there exists a considerable mass cf 
uncoordinated and unrelated research data that might be very valu- 
able to many who do not know of its existence. The problem is to 
secure a coordinated attack upon the entire field of research in its 
relation to printing and to make available to every one interested a 
classified and indexed record of all that has been done to date... . 

There are now many important organizations interested in the 
results of printing research, only a relative few of which are actively 
engaged in such work. If all could be enlisted to do a part and a 
centralized body could be organized as a coordinating and directing 
headquarters, the problem could be solved. Your committee con- 
siders that this is not an impractical idea. As a start, it proposes a 
meeting of technical men in the printing industry. The program of 
the meeting should reveal the opportunities for research, the capacity 
for research, the need of coordination, and for the organization of a 
centralized coordinating and record bureau. A willingness to co- 
operate and to exchange data should be brought about, and various 
organizations should be asked to assist in this work. 


At a later meeting of the Survey and Research Committee this 
conference was formally recommended to be held at the Carnegie 
Institute of Technology in Pittsburgh. This location was se- 
lected as being most central to the printing industry in this 
country. However, there are some other reasons for selecting 
Pittsburgh for a printing research meeting. At the Carnegie 
Institute of Technology there is a unique college course for 
training future printing executives. It deals with both the ar- 
tistic and technical sides of printing and is well supplied with 
the printing-shop equipment essential to training men in those 
fields. 

Pittsburgh is also somewhat of a research center. It may prove 
of interest to mention a few research organizations which exist 


3 Director, College of Industries, Carnegie Institute of Technology; 
Chairman of Survey and Research Committee, Printing Industries 
Division, A.S.M.E. 


within easy reach of this spot, each housed in its own building and 
supported by a substantial annual budget. The United States 
Bureau of Mines is just a short way up the street. Beside it is 
the research department of the National Tube Company. Across 
the way, a block from the Hotel Schenley, is the Mellon Institute 
of Industrial Research. A short way toward town, in Oakland, 
is the research department of the American Sheet and Tin Plate 
Company. A short way farther toward town, on the Boulevard 
extension, is being erected the new building for the Gulf Refining 
Company research department. At East Pittsburgh are the 
research laboratories of the Westinghouse Electric and Manu- 
facturing Company; and the Aluminum Company of America 
will soon have completed the erection of their research depart- 
ment in a nearby town. 

In keeping with the original purpose—to encourage cooperation 
in so important a common interest—-many printing and allied 
associations have been invited to join in this meeting. Twenty- 
six have accepted and are here represented by their delegates. 
It seems appropriate to take this occasion to express our apprecia- 
tion of this broad-minded cooperation and our wish that we may 
work together to a practical and useful end. We also thank those 
gentlemen, both from foreign countries and at home, whose par- 
ticipation as speakers and supporters has made possible these 
meetings. 

Since the original action by the committee, we have been 
encouraged by learning that both in England and Germany the 
need of such research service to the printing industry has been 
recognized and, further, thet action has been taken toward pro- 
viding it in those countries. 

There was a meeting held in Stationers’ Hall, London, last 
April, in which plans for the establishment of a centralized 
“technical bureau for the printing industry” were discussed and 
a& committee appointed to further consider the question of its 
establishment. This was the result of an earlier meeting, at which 
an exhaustive paper dealing with the need of research was pre- 
sented by Mr. George L. Riddell, son of one of the distinguished 
speakers on this program. In Germany the plans have already 
been completed for the creation of a research institute at the 
great technical schools at’ Charlottenburg, and it is understood 
the work will start very shortly. A year ago last spring, on the 
recommendation of Hon. George H. Carter, the Public Printer, 
the United States Government authorized the Government 
Printing Office to cooperate in research work. 

In other industries scientific research has been used extensively 
and with profitable results. In some industries, where there are 
great organizations with immense capital under individual cor- 
poration control, research is carried on as a private activity, as 
is notably the case in the electrical industry. It has proved not 
only profitable but indispensable. It has been published else- 
where this year that at least six corporations are spending upward 
of a million dollars per year on research programs independent of 
their normal production. 

In the printing industry there are no such great corporations 
that can afford to spend millions annually in maintaining a re- 
search program. The printing industry is principally made up 
of relatively smaller organizations, and this condition seems des- 
tined to be permanent. Provision for effective service to this 
community of interests in research can best be made by organizing 
a printing research foundation of broad scope which may be free 
and unprejudiced in all of its work. 

For the printing industry, then, to profit from a thorough- 
going research program, means must be found by which both 
the cost and the benefit may be shared by a large number of 
organizations. This condition has been recognized abroad, and 
appropriate action has been taken or is under consideration, as 
previously stated. Shall we in this country be laggard in this 
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respect and neglect this need and opportunity which has been so 
widely recognized? Such an institution serving the printing in- 
dustry as a whole would be a valuable constructive force in 
American printing. Furthermore, the existence in Germany and 
England of similar organizations might offer an opportunity for 
international cooperation and exchange of information. 

It is to call attention to the need of more organized research 
in printing and to indicate what is being or may be accomplished 
through research that this conference has been organized. 

The printing and publishing business in North America is now 
doing more than $3,000,000,000 worth of business annually. 
The printing machinery manufacturers are not only doing a very 
large business in this country but have developed an export busi- 
ness amounting to over $12,000,000 during the first seven months 
of this year. Therefore it seems natural that the printing in- 
dustry should now recognize the need of a research institution. 

This need can be met by the organization of a printing research 
foundation which should be able to offer the following services: 


1 Conduct basic technical research in all phases of the graphic 
arts. 

2 Attack concrete problems of immediate importance to the graphic 
arts. 

3 Outline means of inspecting or checking results of manufacture 
or purchase for the benefit of local groups. The research institute 
should not, as a rule, undertake inspection tests for individual print- 
ers. 

4 Cooperate with other graphic arts research activities to avoid 
duplication, except as requested for confirmation and checking pur- 
poses. 

5 Record all research work in process, all research data available 
and other pertinent information. 

6 Publish results of all general research activities and special 
studies. 

7 Initiate desirable research projects. 


The foundation should have the benefit of the direction of a 
General Advisory Council on which all supporting organizations 
should be represented. There should also be associate representa- 
tion of such other organizations as are conducting printing re- 
search independently. This would be desirable to encourage 
coordination and correlation of all printing research work, keeping 
in mind that the aim is the greatest possible service to the printing 
industry as a whole. There should be also a Technical Com- 
mittee, made up of a small group of engineers and scientists 
competent to pass upon the importance and feasibility of re- 
search projects, and upon budgets. 

There should be a laboratory, completely equipped with all 
necessary machinery and apparatus, and a competent staff, not 
only for research but also for compilation and indexing of data. 

To carry on any well-balanced program there would be neces- 
sary a staff of thoroughly trained research scientists represent- 
ing the various fields of work to be undertaken. Fora thoroughly 
worth-while program an annual income of about $50,000 a year 
should be available. 

The capital sum necessary to provide such an income would 
amount to about $1,000,000 for the full program. This sum, 
however, could be provided by the industry itself without its 
being a burden to any one, if all the organizations in the printing 
industry would participate. The printing and publishing busi- 
ness of North America amounts annually to over $3,000,000,000. 
A single assessment against that amount of one-thirtieth of 1 
per cent would permanently endow a research program. This 
sum, approximating only one-fiftieth of the loss from bad ac- 
counts in one year, is all that is needed to start a research institu- 
tion of such scope as would almost certainly pay substantial divi- 
dends to the industry through resulting improvements. Were 
there any practical way to make it, an annual assessment of 
less than three dollars a year upon each of the existing 20,000 
printing and publishing organizations would practically provide 


the amount necessary to support this research program. Of 
course there exists today no machinery for the operation of such 
a plan, but there must be some practical way for the graphic arts 
to provide itself with this needed service. 

It is to call attention to the need of more organized research 
in printing and to indicate what is being or may be accomplished 
through research that this conference has been organized. May 
it open the way for cooperation of all graphic arts interests in the 
promotion of research along democratic, non-partisan, and scien- 
tific lines to the benefit of the industry as a whole. 

You will notice on the program that there are 26 participating 
organizations represented at these meetings by one or more 
delegates. It is convenient and customary under such cir- 
cumstances to have a committee or two to attend to immediate or 
necessary business. I think it proper that at this time I should 
appoint a Committee on Credentials and a Committee on Resolu- 
tions. I will announce their names at the afternoon session, 
after we have had time to consider their composition. 

Mr. Oswap. In order to make the appointment of the com- 
mittees official, I move that you be given authority to appoint a 
Committee on Credentials, a Committee on Resolutions, and any 
other committee that the business of the conference may make it 
necessary to appoint. 

Mr. Guass. I second this motion. 

[Upon being put to a vote, this was carried.} 

Mr. Jewett. We now come to the major part of our program. 
We feel great satisfaction in having the cooperation and interest 
of the important men who have taken places on our program, as 
well as in the attendance of those who have come here. 


The Necessity for Research in the Printing 
Industry 
By HON. GEORGE H. CARTER,* WASHINGTON, D. C. 


After quoting President Hoover as sounding the real keynote of 
the conference, the author outlines the oalue of organized research 
in other industries, and then considers the necessity for similar 
research in the printing industry. If ‘‘printing is the mother of 
progress,”’ the industry is not living up to its watchword. Meager 
and unorganized support is given to research by the printing in- 
dustry in comparison with the great sums spent for industrial re- 
search, 


N BEHALF of the United States Government Printing 
() Office, permit me to express sincere appreciation of the 

invitation to participate in this world conference of the 
printing industries. The Printing Industries Division of The 
American Society of Mechanical Engineers has rendered a fine 
service in calling such a notable conference under the auspices 
of its Research and Survey Committee. And there could be no 
more appropriate place to meet than at the Carnegie Institute 
of Technology. 

According to the printed program I am scheduled to make a 
so-called “keynote speech” on this important occasion. Never 
before have I been charged with such a responsibility, and it is 
with much hesitation that I shall address you, realizing I am but 
a mere printer by trade in the midst of learned masters of the 
sciences and eloquent exponents of the art preservative. 


4 The Public Printer of the United States. 

Presented at the International Conference of the Technical Experts 
in the Printing Industry on the Need for Research, called by the 
A.S.M.E. Printing Industries Division at the Carnegie Institute of 
Technology, Pittsburgh, Pa., November 7 and 8, 1929. 

Note: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 
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Perhaps the program committee thought that, being a Govern- 
ment official, I am therefore a politician and as such should be 
versed in the art of keynoting. But I wish to assure you at the 
outset that the Public Printer of the United States is not a 
politician and that his official duty is to print speeches, not to 
make them. At any rate, I must disclaim any intention of 
sounding the “keynote” for this conference. My talk today 
should more appropriately be called a ‘‘keyhole”’ view instead of 
a “keynote” speech, for in my opinion the printing industry is 
just beginning to peep into the problem of scientific research. 

The real keynote for this conference was sounded by Presi- 
dent Hoover, in his recent address at Dearborn paying tribute 
to Mr. Edison and his inventions. Our great engineer Presi- 
dent declared they “gave an outstanding illustration of the value 
of the modern method and system of invention, by which highly 
equipped, definitely organized laboratory research transforms 
the raw material of scientific knowledge into new tools for the 
hand of man.” Again in the same address the President asserted, 
“Tt is organized research that gives daily improvement in ma- 
chines and processes,’ and he also emphasized that ‘both 
scientific discovery and its practical application are the products 
of long and arduous research.” 

These statements of President Hoover are, I believe, conclusive 
as to the value to industry of organized research and its benefit 
to civilization, for he speaks with intimate knowledge of the sub- 
ject. Thus accepting the expert judgment of the President as to 
the value of organized laboratory research by other industries, 
let us now consider the necessity of similar research by the print- 
ing industry. 

As a matter of fact, the necessity of research is so self-evident 
and so well understood by every one here that there is little need 
for me to argue that proposition. We have only to observe the 
success of other great industries, like the automotive, chemical, 
electrical, and metal groups, to appreciate the wonderful accom- 
plishments of scientific research and to realize the great benefits 
that would come to the printing industry by adopting similar 
progressive methods. As Président Hoover so well said at 
Dearborn, ‘Research both in pure science and in its application 
to the arts is one of the most potent impulses to progress.”’ 

We have long boasted that printing is ‘‘the mother of progress,” 
but if that relationship is to be determined by the impulses of 
research, which President Hoover asserts are most potent to prog- 
ress, our industry is not living up to its maternity slogan, nor 
is it keeping pace with other great industries in the successful 
application of science. 

In marked contrast with the meager and unorganized support 
that has been given to research by the printing industry, I invite 
your attention to a statement by the Nationa! Industrial Con- 
ference Board that the industrial corporations and the Govern- 
ment of the United States are spending about $200,000,000 an- 
nually for industrial research. It was likewise reported that more 
than 1000 companies are now operating research laboratories. 
In addition, 70 trade organizations are spending $15,000,000 
annually for research work, and more than 150 colleges and tech- 
nical schools are applying science to help solve industrial prob- 
lems at a cost of about $1,500,000 a year. Commending the 
constructive activity of the trade associations that are engaged in 
cooperative industrial research, the United States Chamber of 

Sommerce sponsors the statement that the savings of American 

industry from research amount to one-half billion dollars an- 
nually. Even if these immense figures were only partially cor- 
rect, the accomplishments are marvelous and should awaken in 
us an ardent desire to keep pace with the amazing progress that 
other industries are making in organized scientific research. 

The vast importance and power of the printing industry makes 
its adoption of a definite research program all the more essential. 


According to the latest census reports it ranks with the foremost 
groups of American manufactures. In value added by manufac- 
ture, which is the most important item of all, the printing and 
related industries stand fourth among all the major industries of 
the United States, having added a total of $2,808,457,000 to the 
value of materials used in the year 1927. This immense sum was 
a close third to the manufacture of food and kindred products, 
which in the same year was exceeded only by the manufacture of 
textiles and machinery. In total value of products and cost of 
materials, the printing and related industries rank seventh among 
all the major industries of the United States; in amount of wages 
paid, fifth; and in number of wage earners, sixth. 

It is evident, therefore, that vast interests are at stake in the 
future progress of the printing industry, which, in my opinion, 
depends largely upon proper consideration of the problems that 
only organized research can solve. 

Considerable research work has been done from time to time 
by various individual establishments in the printing industry, 
by its principal organizations, by The American Society of Me- 
chanical Engineers, and by commercial, college, and Government 
laboratories, but the undertaking has lacked the coordination 
that is essential to success. There must be an exchange of ex- 
periences of all these investigations to crystallize their findings 
into definite form for coordinated action, which alone can insure 
progress. 

It is most timely, therefore, that this conference has been called 
and most encouraging that leaders of the printing and related in- 
dustries have gathered here from various parts of the world to dis- 
cuss the greatest problem that has ever been presented to the in- 
dustry. I earnestly hope there may come from this conference a 
united determination to carry on the work proposed by the com- 
mittee and that your efforts will meet with everlasting success. 
In this enterprise I can assure you the full and hearty cooperation 
of the Government Printing Office. 

Elimination of waste has been the principal purpose of some 
engineers in proposing the research method of reducing the losses 
of various industries. The printing and publishing industries 
were declared to be among the most wasteful of all, according to 
the report published several years ago by a committee of the 
Federated American Engineering Societies that included printing 
in its investigation of six selected industries. Preventable wastes 
observed in the selected industries were reported to range from 29 
to 64 per cent, and printing stood next to the head of the list with 
an average waste of 58 per cent. 

For some reason or other the printing industry has paid little 
attention to this accusation of gross inefficiency, although the 
charge was broadcast in book form by the engineering societies 
eight years ago and later repeated in a Government publication. 

In the meantime, the printing industry has continued to pro- 
gress and to prosper until census statistics show that it ranks near 
the top of all the industries in the United States. According 
to the 1929 Commerce Yearbook, the value added to materials 
used by the printing and related industries in 1927, the latest 
report, was 11 per cent more than in 1925, an increase which the 
yearbook stated was “more marked than in most other census 
industry groups.” 

Therefore, the printing business does not appear to be in as 
bad a condition as the report on waste in industry might indicate. 
I must confess, however, that on first reading of the report I 
was greatly alarmed and felt that, by taking on the job of Public 
Printer and associating with such a wasteful industry, I had fallen 
in with derelicts and incompetents who were headed for eternal 
ruination. 

However, my confidence was restored somewhat when a more 
careful study of the report revealed that it was based on a hasty 
survey of only 6 or 7 out of more than 34,000 printing plants in 
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the United States and that additional information was furnished 
by only 19 other plants. Iam happy that the Government Print- 
ing Office was not among the few plants whose records were used 
to indict the entire printing industry for gross wastefulness. 

There is one other statement in the report on waste in in- 
dustry which it seems timely to call to your attention, and that is 
the amazing conclusion of the individual engineer who made the 
printing survey. He boldly predicts that, if his recommendations 
are adopted, “‘the cost of printing to the ultimate consumer could 
be reduced on an average at least one-third.” That is very en- 
couraging to the ultimate consumer. But what about the printer 
and publisher who are faced with constantly increasing wages, 
shorter hours of labor, and the multiplicity of taxes, rents, in- 
surance, and other charges over which they have no control? 
All of these essential charges not only add to the cost of the print- 
er’s own products but also to the price he has to pay for his ma- 
terials and machines. 

In my humble opinion it will require the combined ingenuity of 
efficiency engineers and practical printers to avoid increases in 
the future cost of printing. With the higher standards of living 
and the more general enjoyment of things that few could afford 
in former years, there is little prospect for reduction in the cost of 
printing during our lifetime. 

If it is true that preventable wastes in the printing industry 
amount to 58 per cent, as our engineer critic estimates, we are 
guilty of throwing away about $1,600,000,000 every year, based 
on the census valuation of printed products at $2,846,000,000 
for the year 1927. The suggested reduction of one-third in the 
cost to the ultimate consumer might benefit him to the extent of 
about $950,000,000 annually, which would still leave the printer 
a margin of at least $600,000,000, if the preventable waste could 
be eliminated. 

It is claimed that this miracle can be performed by standardiza- 
tion and simplification alone. The authority for that statement 
is none other than the United States Bureau of Standards, which, 
in a printed report on waste in industry, discloses that “‘$10,000,- 
000,000 could be saved annually through standardization and 
simplification alone,” if adopted by the six industries, including 
printing, which the committee of the engineering societies de- 
clared so wasteful. 

That challenge is sufficient cause for this conference to meet 
and discuss the status of the printing industry and the necessity 
for research to remedy our wasteful ways. But let us pause for 
the moment to consider some of the evidence upon which the 
printing industry has been found guilty of wasting more than a 
billion dollars annually. 

For instance, it has been charged that there is gross waste in 
the printing of thousands of varieties of bank checks and that 
$20,000,000 a year will be saved by the adoption of standard 
checks. It is asserted that this reform has already been ac- 
complished and that thousands of varieties of bank checks, notes, 
and so forth have been reduced to a single standard size. 

’ “Today,” says a foremost advocate of simplified practice, 
“more than 85 per cent of all checks used are simplified checks.” 
However, the thousands of checks constantly coming to the 
Government Printing Office from all parts of the country do not 
sustain the optimistic statement I have just quoted. As a test, 
I examined 270 checks received in our office one day last week and 
found 71 different sizes. 

The same authority for the standardization of bank checks 
also states, ‘printers have estimated that simplification has re- 
duced the cost of checks by $2.50 per thousand.” In my opinion, 
the printers who made this estimate were “spoofing” the simpli- 
fied-practice chief. 

The total cost of printing bank checks on safety paper in lots of 
5000 will not average $2.50 per thousand, so it would be some- 


what difficult to save that amount on each thousand checks. In 
fact, Government Printing Office figures show that the printing of 
bank checks on safety paper in sheets of five or more, the usual 
practice, costs under $2.50 for the first thousand checks. The 
added thousand rate is much less. 

It would require a new method of cost accounting to figure out 
a $20,000,000 saving on this basis. I am inclined, therefore, to 
believe that at least this $20,000,000 will have to be deducted from 
the anticipated savings through standardization and simplifica- 
tion alone. 

Another interesting item in the report on waste in the printing 
industry is the proposal for the standardization of newspapers to 
one size, which, it is asserted, “‘would make possible an annual 
saving of three to five million dollars on composition and plates 
alone.”’ It is difficult to understand how such a saving on com- 
position and plates alone could be made unless there is a corre- 
sponding reduction in the amount of news matter and advertise- 
ments that would be printed in a standard-sized newspaper. 
Perhaps a newspaper that now exceeds the standard size would 
turn over its surplus news and advertisements to a less fortunate 
competitor and thus maintain a happy average. Otherwise, the 
result would necessarily be more pages of the standard size and 
consequently no saving in composition and plates. 

But even this standardization could not be brought about until 
all odd-sized equipment had been junked and replaced at a cost 
of many million dollars in excess of the estimated saving through 
adoption of the one-size newspaper. 

In this connection it is pleasing to note that the newspapers 
themselves are working out a practical solution of their me- 
chanical problems, as shown by the annual survey published by 
The Editor and Publisher, of New York. “Statistics on machine 
equipment in composing and press rooms show,” says that 
publication, “a noticeable tendency toward standardization, in 
that machines of a single make are replacing equipment produced 
in half a dozen factories and of various ages and productive abil- 
ity.” 

It is evident, therefore, that the newspapers are moving in the 
right direction of their own accord and will eventually settle the 
question of standard equipment to meet their own requirements 
and the desire to render better service to their readers and ad- 
vertisers. 

The plan to eliminate waste in the printing industry also pro- 
vides that book and job printing shall be of standard form, re- 
stricted to standard sizes of paper, and limited to a comparatively 
few standard faces of type. In other words, it is proposed to take 
the art out of printing and make it a mere mechanical product, 
utterly devoid of the artistry and beauty for which the art pre- 
servative of all the arts has long been admired. 

In this urge for standardization, printing should not and can- 
not be placed with paving bricks and plumbing supplies. Just as 
the painter or sculptor must have freedom to express his art with 
brush or chisel, so should the printer be permitted to manifest his 
art with type and paper. 

Even in this machine-minded nation, let us not forget the great 
debt that civilization owes to printing, nor do anything to mar 
its beauty and charm for future generations. 

Above everything else, printing in all its branches is an art and 
should not be standardized for production on an assembling line 
like a modern automobile. Even Mr. Ford has come to recognize 
that there must be art in the making of a motor car, and has 
yielded to the popular demand for variety in design. So, too, 
must the printer be permitted to progress with the increasing 
culture of an advancing civilization. 

Although recognizing the need to eliminate waste and effect 
economies in the printing industry, I do not believe that the art 
of printing has added materially to the preventable waste in in- 
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dustry. Printers and newspaper publishers are constantly en- 
deavoring to simplify their practices and conform to acceptable 
standards, and they should be allowed to continue doing so in 
fond regard for the art which they alone are capable of interpret- 
ing. 

Please do not interpret these remarks as opposing a practical 
or sensible standardization in printing. In line with the progress 
that printers have made in standardization of their own accord, 
I invite your attention to the action of the Government Printing 
Office in reducing its publications from more than 50 to 8 standard 
sizes. Three-fourths of the 100,000,000 books and pamphlets 
issued annually by the Government are now either octavo or 
quarto in size. Perhaps that is the reason they are read so little. 

The envelopes used by the Government have been reduced 
from about a dozen to only four standard sizes. 

Government letterheads and blank forms are of one size, 8 
by 10'/: inches, cut without waste from the old standard double 
‘demy sheet of 21 by 32 inches. By adopting this size of letter- 
head instead of the-commercial standard of 8'/: by 11 inches, 
the Government has been saving approximately $50,000 an- 
nually for the last six years, which goes to show that there 
is economy sometimes in letting the printer set his own standards. 

This leads me to suggest what I believe is the real necessity at 
this time for scientific research in the printing industry; that 1s, 
the standardization of materials required in printing, whether it 
is wasteful or useful, varied or uniform. In such standardiza- 
tion, organized scientific research can be of the greatest service 
to the printing industry, which spends annually more than three- 
quarters of a billion dollars for its materials. 

The printing industry has already made splendid progress in 
the field of mechanical engineering, as shown by the marvelous 
development of typesetting machines, printing presses, and other 
equipment that make possible the speed and economies of present- 
day production. But in the field of chemical engineering, which 
has to do with the vast quantity of materials used in printing, 
the industry is just beginning to find a new and even greater op- 
portunity for advancement. 

To improve its own condition and keep pace with other in- 
dustries, printing must avail itself more and more of the chem- 
ical engineer, for, in the words of the financial editor of The New 
York Commercial, “there is no business today whose welfare and 
interest are not bound up with chemistry.” The same writer 
further asserts that ‘‘there is no industry, not one, that is not in 
danger of waking up tomorrow and finding that the chemist has 
made a discovery that might revolutionize it,’’ and he warns, 
“no industry which does not command the services of chemists 
and the resources of a laboratory can be regarded as secure.” 

Definitely organized laboratory research, which President 
Hoover pointed out in his Dearborn tribute to Edison as the way 
to success, has been held by another authority to be “nothing 
more nor less than an intelligent inquiry into how to do practical 
things; if they are new, how they can be done in the best way; 
if they are old, how in a better way.” The intelligent inquiry will 
have to be made by capable engineers. 

Printing materials and processes present more problems that 
chemical engineers can solve than are offered by almost any 
other industry. The extent of this field for research is apparent 
from the fact that the cost of printing materials constitutes more 
than a fourth of the entire value of printing products. All the 
materials of the printing industry, such as paper, inks, rollers, 
type and plate metals, adhesives, plate-making solutions, oils, 
detergents, and bindery textiles, must be subjected to the micro- 
scopic, chemical, and physical tests of the laboratory to determine 
their quality and suitability for satisfactory service. 

Likewise, the materials used in the construction of printing 
machinery are within the scope of scientific research to develop 


even better equipment than that which has brought the printing 
industry to its present high standard of efficiency. 

The logical outcome of such scientific investigations by chem- 
ical and mechanical engineers would be the development of 
better standards for printing materials and machinery —stand«r:is 
that will improve the quality of printing products, curtail the 
waste, and assure greater success for the industry. 

The standardization of materials will also insure fairer compe- 
tition among the printers, simplify problems of stock and 
production, and prove more satisfactory to their customers. 
Furthermore, the manufacture of standardized printing ma- 
terials would effect a large saving in which the printers are en- 
titled to share. 

However, the adoption of standards alone will not be sufficient 
to secure these benefits. There will have to be an accurate and 
scientific testing of the materials and equipment from time to 
time to insure compliance with the specifications. It has been 
the experience of the Government Printing Office that even the 
most trustworthy contractors will make mistakes and that as- 
surances of quality are sometimes no more reliable than the labels 
of a patent-medicine bottle. The “proof of the pudding is in the 
eating;” the proof of the quality of printing materials can only 
be determined by testing. 

Frequent testing will also be of great service in the develop- 
ment of new and better specifications, for no standards can be 
set up as a finality. If the printing industry is to receive the 
full benefits of research, there must be a constant effort to im- 
prove the specifications for its materials. 

For the testing of materials it will be necessary to maintain or 
employ competent laboratories which can also carry on research 
work for the industry. The larger printing plants and news- 
papers may find it more serviceable to establish their own labora- 
tories, as the Government Printing Office has done. Labora- 
tories are also necessary in the larger manufacturing plants to 
maintain proper technical control of materials and whatever 
processes require scientific regulation. 

The research laboratory of the Government Printing Office, 
in addition to developing specifications for printing materials 
and maiataining the prescribed standards by scientific tests, 
also exercises technical control over its own products, such as 
inks, press rollers, type metals, plating solutions, detergents, 
and bindery adhesives. 

The Government Printing Office laboratory was established 
in 1923 with a staff of six employees, but the work has so broad- 
ened and increased that it has now become a major activity, 
designated as the Division of Tests and Technical Control, with 
more than a score of employees and an annual expenditure of 
about $40,009. 

With the completion next year of a large addition to our main 
building, nearly an entire floor of that structure will be occupied 
by the technical division, which will undoubtedly then have the 
best equipped and most modern laboratory in the world devoted 
exclusively to printing research work. Furthermore, the entire 
Government Printing Office is available as a laboratory which 
can and should be of practical service to the printing and related 
industries. 

It is my opinion that the printing industries are as much en- 
titled to help from the Government Printing Office in the solution 
of their problems as the agricultural, labor, banking, and various 
commercial interests are to the assistance they have received for 
years from other establishments of the Government. 

Perhaps I can better present the advantages of scientific re- 
search by pointing out a few of the benefits that the Government 
Printing Office has received from the work of its technical division. 
At first the laboratory devoted its time mostly to the testing of 
paper to determine compliance with the standard specifications. 
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This work of itself is no small task, involving the testing of ap- 
proximately 5000 samples annually to determine the quality of 
the yearly purchase of 45,000,000 Ib. of all grades of paper. The 
experience has been of great value in the development of definite 
grades and standards of paper for general as well as Government 
use. 

Aside from its routine testing work, the laboratory has under- 
taken a number of important investigations of printing materials 
and processes. One of the most important was the standardiza- 
tion of 6,600,000 lb. of linotype, monotype, stereotype, and elec- 
trotype alloys, which resulted in a saving of approximately $400,- 
000. The old metal contained an excessive amount of tin due to 
previous “rule-of-thumb” corrections. Standardization added 
to our supply of type-metal alloys 1,099,000 lb. of corrected metal 
at practically the cost of lead, thereby effecting a further saving 
of $35,000. 

An even greater benefit from the standardization of type-metal 
alloys is in the reduced expense of operating type-casting ma- 
chines, the elimination of difficulty in molding processes, and the 
better quality of presswork. 

The laboratory has been of another good service in disclosing 
for our own information the ordinary ingredients used in certain 
commercial compounds extensively used as solvents. For in- 
stance, the sample of an ink solvent with a well-known name was 
found to consist almost entirely of kerosene colored with a little 
pine-tar oil. 

Several other cleaning compounds selling for 12 to 15 cents a 
pound showed on analysis that they were composed largely of 
trisodium phosphate, which can be bought in quantities for 4 to 5 
centsa pound. This investigation enabled the laboratory to pre- 
pare better formulas for cleaning mixtures, which the Government 
Printing Office is now using at a saving of about $10,000 a year. 
The Postal Service has also adopted the same formulas for the 
cleaning of automobile parts at post offices throughout the 
country. 

Another interesting contribution of the laboratory is the utiliza- 
tion of old press-roller composition to make glue for bindery ad- 
hesives. ‘he old rollers were formerly sold as waste material for 
about 1'/, cents a pound, while 15 cents a pound had been paid 
for bindery glue. The utilization of this waste material is saving 
the office about $3000 a year. 

Our first cooperative research work was with the United 
Typothetae of America, which in 1924 accepted an offer of the 
Public Printer to assist in establishing standard grades of bond 
and ledger papers. An expert employed by the Typothetae aided 
in preparing the preliminary report. Another report was pub- 
lished by the Government Printing Office in 1928, but no action 
on it has been taken by the Typothetae. However, the grades 
proposed for bond and ledger papers have been adopted by the 
Government and used satisfactorily for several years. 

Believing that cooperative research work with the printing 
and related industries would be helpful both to the Government 
and to the industries in the development of uniform specifica- 
tions and standards of printing materials, a recommendation 
was submitted to Congress that the Government Printing Office 
be formally authorized by law to engage in such work. 

This was done by the act of May 14, 1928, which specifically 
included the Government Printing Office in the list of industrial 
and scientific establishments of the Government that are author- 
ized by law to offer their facilities to scientific investigators and 
qualified individuals for study, research, and the promotion of 
knowledge. Accordingly, the Government Printing Office now 
has the same legal right to cooperative scientific investigations 
as has any other establishment of the Government. 

By authority of this law, the Government Printing Office has 
undertaken important investigations of type metals, newsprint 


paper, and printing inks, in cooperation with the mechanical 
department of the American Newspaper Publishers Association, 
which has placed a research assistant in the laboratory of the 
Government office. 

Extensive tests have been made of samples of linotype and 
stereotype metals submitted by selected newspapers to deter- 
mine, if possible, the rate of deterioration of alloys, the most 
suitable composition, and the most satisfactory method of main- 
taining uniform quality. The purpose of the newsprint investi- 
gation is to determine the essential qualities of paper and ink 
which should be controlled to obtain the best and most economical 
results in printing. A study of the penetration of printing inks is 
one of the features of this research work. 

Another cooperative investigation is under way with the Em- 
ploying Bookbinders of America, who have likewise retained a 
research engineer to assist in the laboratory of the Government 
Printing Office. 

From time to time the Government Printing Office, through 
its Division of Tests and Technical Control, has also cooperated 
with other national associations, especially the National Associa- 
tion of Glue Manufacturers, and has likewise received valuable 
advice and aid from the manufacturers of paper, type metals, 
and other printing and binding materials. 

In addition to the research cooperation with industrial organiza- 
tions and the manufacturers of printing materials, the technical 
division endeavors to study and answer as far as possible the 
questions that are pouring in from individual members of the 
industry everywhere, including not only the United States but 
also the most remote parts of the world. 

In view of the research work started by the Government 
Printing Office, it is very gratifying to note that graphic art or- 
ganizations and master printers in other countries are also be- 
ginning to propose the application of science to research by the 
printing industry. At the Third International Congress of 
Master Printers in London last April, research was a principal 
subject of discussion by that notable gathering of several hundred 
master printers from a score of countries. 

In urging the London congress to organize an international 
bureau as a clearing house of technical information, Mr. W. 
Howard Hazell, a distinguished English printer, declared ‘‘the 
time is ripe for a complete and careful national and international 
investigation into all our means of production and the methods of 
dealing with materials in order to discover what improvements can 
be made.” 

The international bureau for master printers was favored also 
by a noted French printer, M. Gabriel Delmas, of Bordeaux, 
who proposed ‘‘a common investigation of all the problems raised 
by the methodical organization of the profession in the educative, 
commercial, and technical aspects.” 

Mr. Rudolf Ullstein, the head of the German delegation, sug- 
gested that the first and foremost duty of an international bureau 
would be the circulation of information respecting various in- 
terests, including standardization of type, paper, and machinery. 
The London Congress of Master Printers accordingly agreed to 
establish an international bureau, which is to have its head- 
quarters in Berlin. 

The Worshipful Company of Stationers, that famous organiza- 
tion of English printers and publishers, whose present master is 
the Lord Mayor of the City of London, has also given its power- 
ful support to printing research. It recently appointed a com- 
mittee to consider the desirability and feasibility of instituting a 
technical research bureau for the pooling of information and to 
conduct scientific investigation of technical problems. This ac- 
tion was inspired by a lecture on the application of science to 
printing, which Mr. George L. Riddell, the talented son of the 


principal of the London School of Printing, Mr. John R. Riddell, 
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delivered at a large gathering of English printers several months 
ago in the London Stationers’ Hall. In his address Mr. Riddell 
commented at considerable length on the research work of the 
Government Printing Office, citing it as an example for the Brit- 
ish printers to study. 

I have had the privilege of visiting in Berlin the Reichsdruck- 
erei, the Government Printing Office of Germany, and have 
profited much by the splendid spirit of cooperation which Herr 
Franz Helmberger and his associates have manifested in discussing 
our mutual problems as the printers for two great Governments. 
The Reichsdruckerei has done much excellent research work, 
which I hope through the exchange of experiences and coordinated 
action can be made available to the industry. 

Many printers and publishers of Japan have also visited the 
Government Printing Office and studied its operation. I have 
felt complimented by the thoroughness of their inspections. I 
have just received copies of extensive studies that Japanese 
engineers have published concerning type alloys, chromium plat- 
ing, and burnt oil for intaglio printing. 

Likewise, the United Society of Soviet Republics is bristling 
with new ideas that may eventually revolutionize even the print- 
ing industry. 

It has not been my purpose to come before you as an engineer or 
as an expert in any line of research, but I have endeavored, from 
the viewpoint of a practical printer, to submit my general ob- 
servations of the research problems which will be discussed here 
by others better qualified to present a scientific and technical 
study of the subjects we are to consider. In concluding, I wish 
to thank you again for the privilege of participating in this not- 
able conference and to assure you that the Government Printing 
Office stands ready at any time and in any way to cooperate with 
the printing industry in a program of definitely organized scien- 
tific research. 


The Evolution of the German Printing Trade 
By FRANZ HELMBERGER,' BERLIN, GERMANY 


An increase of 37 per cent in the number of employees indicates 
how rapidly the printing industry is growing in Germany. Bank- 
notes and stock certificates are printed by letterpress, at a great gain 
in time and cost, and no forgeries have resulted through not using 
the more intricate intaglio or engraved process. German printers 
are putting standardization into effect, and a great cooperative re- 
search plan will be carried out. 

(The address was in German, a translation in English being read by W. 
Trinks, Professor of Mechanical Engineering, Carnegie Institute of Technology.) 

HIS account of the evolution of the German letterpress 

trade covers, in the main, post-war conditions; hence it 

comprises just the period in which Germany's distress 
was greatest and the situation in the printing trade was most 
serious. The observations themselves are based exclusively upon 
facts gathered partly from the returns and figures of the report 
published by the Deutsche Buchdrucker-Berufsgenossenschaft® 
and partly from the personal impressions and experiences of the 
author, who, owing to his calling and office, is actively engaged in 
the trade. 

Any one who felt the pulse of the German printing trade 10 


5 Director of the Reichsdruckerei (the Official Printer of Germany). 
¢ The German professional book printers association. 
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years ago might well have doubted whether this once so vigorous 
organism would ever regain its old strength. Its machinery and 
equipment were worn out, its orders had shrunk to a minimum, 
its best men had perished in the war or were crippled or had mi- 
grated to other callings of a more lucrative character. Distress 
and despair were rampant everywhere; there was no prospect of 
improvement; after a short pseudo-boom, the currency devalua- 
tion caused by the occupation of the Ruhr produced, in the print- 
ing trade, as in other affairs, a further unparalleled depression. 
As evidence of the position I quote the official figures of the 
Deutsche Buchdrucker-Berufsgenossenschaft according to which 
185,266 persons with compulsory insurance were employed in 
8659 concerns in 1920, as against only 166,068 in 8196 concerns 
in the year 1924, i.e., after the inflation was over. 

Since then only five years have passed. In the political and 
economic life of Germany order and tranquillity have been re- 
stored, commerce and traffic have constructed for themselves new 
foundations, and the printing trade is once again in a flourishing 
condition. Even the published returns for 1927, which are the 
latest available, give the printing works as numbering 9385 with 
226,843 employees. Such a development may fairly be charac- 
terized as favorable. Its technical, cultural, and economic as- 
pects and effects are examined in detail in the following. 


TECHNIQUE 


The outstanding feature of the process of working is the 
mechanization in the production of forms. The typesetting ma- 
chine—originally serviceable only for the simple setting of news- 
papers and bookwork—has now penetrated deeply into the sphere 
of scientific, tabular, advertisement and job-work composing. 
This success along the whole line was facilitated by the perfecting 
of the typesetting machines of all systems, a matter in which the 
enrichment of the type fonts by the typographical masterpieces 
of such men as Bodoni, Didot, and Fournier played an important 
part. The typesetting machine was quickly followed by the 
Ludiow machine, which is being increasingly employed especially 
for setting up advertisements. This revolution in technique is 
reflected in the number of machine setters employed; in 1920 
they totaled 5958, the figures rising to 7615 by the year 1924 and 
to 10,784 by 1927. Since then there has been a further increase. 
Parenthetically it may be noted that such a development did not 
remain without influence upon the allied industry of typefound- 
ing. The complete disappearance of body-type led to a marked 
development of fancy type and job type, in connection with 
which the type foundries of Klingspor, Bauer, Stempel, and 
Genzsch & Heyse placed exceptionally fine productions on the 
market. 

The same tendency to mechanization is observable in the print- 
ing of pictures, now that serious competitors of letterpress auto- 
typing have arisen in the shape of intaglio printing and the offset 
process. The manual illustration processes, hard-pressed by 
the photo-mechanical, are threatened with complete extinction. 
Particularly in newspaper printing, the photographic halftone 
pictures produced by the intaglio process are making great head- 
way. Since, on December 12, 1912, the ‘“‘Weltspiegel,’’ an illus- 
trated “supplement of the “Berliner Tageblatt,’’ astonished its 
readers with photoprints so true to nature as to be unsurpassable, 
illustrated supplements in copper-plate intaglio have become an 
essential of a large proportion of our newspapers. Accordingly 
the installation of intaglio departments is on the increase, not- 
withstanding the very considerable costs involved. In the face 
of the approaching solution of the three-color process for newspaper 
printing and mass output, it is scarcely possible to say where the 
development of this process will stop. 

Slight influence has been exercised by offset printing. Al- 
though the printing works have not, by any means, closed their 
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doors to this process, its extension has slowed down to a moderate 
pace in the last few years. In its nature it belongs to lithoprint- 
ing, so that it will ever remain a stranger with the letterpress 
printer. Attempts to render it serviceable for newspaper print- 
ing have so far not met with any noteworthy success. 

On the other hand, flat printing in connection with the repro- 
duction of works, etc., has become a serious and formidable rival. 
So excellent are the achievements that even the Vatican Library 
at Rome recently decided to have a number of very rare and 
fragile art objects reproduced in Germany by offset printing from 
the reflecting Manul process. 

In this connection mention may be made of the experiments 
undertaken some years ago in printing by letterpress films pre- 
pared on the lines of the phototype plate. The futility of such 
attempts need arouse no surprise. Meantime, however, printing 
from film plates has been essentially improved, and, in particular, 
their capacity of resistance has been augmented to a point which, 
provided they are properly handled, guarantees good results at 
low costs on the high-speed phototype press. 

The adoption of intaglio and flat printing by printers naturally 
involves an expanded scope of activity combined with increased 
costs and specialized labor. The first results are a marked ex- 
tension of equipment for photographic reproduction, together 
with a brisk demand for suitable workmen; other effects are 
noticeable in keen competition and depressed pnces. A conse- 
quence is also visible in the fact that many printing firms which 
formerly devoted themselves to letterpress work only have 
become mixed concerns in the widest sense of the word, inasmuch 
as they cover not only the most important branches of the various 
reproduction and printing processes, but, in the majority of cases, 
bookbinding and sometimes typefounding. 

It goes without saying that such rearrangements exercise an 
influence upon the supplying industries, especially upon machine 
building. Results are seen in the redesign of existing types of 
machines and in numerous new designs for the most manifold 
purposes. The most important novelties of this kind are doubt- 
less those connected with copper-plate intaglio, whose chances in 
the domain of newspaper work and large-scale printing probably 
offer the greatest inducement to the building of new machines. 
Some excellent intagho rotary presses for single-color and multi- 
color work have been turned out by Frankenthal, by Koenig & 
Bauer, and by Augsburg-Niirnberg. Successful efforts have been 
made to improve the quality of the printing, and the rotary speed 
has been increased to 4000 per hour. Endeavors are being 
made to produce a standard printing machine for rapid type 
work, the idea being to simplify the working and thereby lower 
the costs of production. 

In order to provide a proper staff for working the modernized 
equipment, great attention is being paid in recent years to the 
training of the coming generation. Apprenticeship regulations 
obligatory upon all letterpress printing works determine the 
curriculum in the various branches and thus ensure homogeneous 
elementary training throughout Germany. Larger concerns, 
following the example of the Reichsdruckerei, erect: apprentice- 
ship workshops in which the young people, after passing the tests 
of suitability, receive instruction from a teaching staff until they 
have thoroughly grasped the fundamentals of their calling and 
need only practice to acquire perfection, for which purpose they 
are passed into the various departments of the works. 

Further particulars will be given later on concerning the 
arrangements for training the trade. 

In connection with the technical evolution of the printing 
trade, mention may be made here of the influence exerted for 
years by the increased demand for payment media and securities. 
Down to the year 1919 the printing of banknotes and securities 
was confined to the Reichsdruckerei and a few private under- 
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takings. With the increasing devaluation of money, the amount 
of currency, ete., in circulation assumed such proportions that 
other works were called upon to print notes, etc., and the copper- 
plate intaglio process, till then generally in use, was abandoned. 
In its place type printing was resorted to; the product was 
naturally not so fine as that of the intaglio process, but there 
was a great gain of time and saving of cost. In order to combat 
forgery, recourse was had to watermarked paper and complicated 
printing in suitable colors; this method proved, on the whole, 
successful. In view of these facts and under pressure of the 
existing circumstances, the Reichsbank decided to discard the 
intaglio process for printing the first Reichsmark notes issued 
after the stabilization of the currency in 1924 and to adopt 
letterpress instead; the design and execution were entrusted to 
the Reichsdruckerei. Thanks to the rapidity with which the 
letterpress worked, it was possible to issue the new banknotes 
within a few months after the placing of the order. Though 
they are still in circulation, there have been no cases of serious 
forgery. Letterpress having stood the test in this way, the Berlin 
Bourse, or Stock Exchange, proceeded to issue instructions as to 
the manner in which securities admitted to the Bourse may be 
printed. According to these rules, ‘the printing is to be done in 
good letterpress or copper plate, but on no condition in litho- 
graph.” As the printing of banknotes and securities must be of 
a fine quality, the facts just mentioned may be taken as reliable 
evidence of the degree of perfection attained by German printing. 


CuLTuRAL DEVELOPMENT 


Considering the receptivity of the printing trade to every 
cultural improvement, it is but natural that the results of scien- 
tific research and the perfecting of its own capacities should 
receive constant attention and that advantage be taken of the 
benefits derivable therefrom. Consequently I need not stress 
the fact that the handling and employment of raw materials on 
scientific principles has become common property in the German 
printing trade. Only 30 years ago, the chemical laboratory added 
to its works by the Reichsdruckerei was unique; nowadays the 
chemist is a permanent member of the staff in many printing con- 
cerns and does great service. Our raw materials, such as metals, 
printing ink, and paper, are scientifically tested as to their 
suitability and are altered, improved, or replaced accordingly. 
Parallel with the chemist is the works engineer, who finds plenty 
to do. His domain comprises the correct installation and main- 
tenance of the machinery and the supply of power, light, heat, 
etc. What successful service may be rendered to a printing 
works just in this matter has been demonstrated by science and 
repeatedly confirmed by experience. 

However, in order to give the trade as a whole the full benefit 
of what has hitherto been accomplished individually and also to 
ensure further success from systematic research hand in hand 
with science, it appears necessary to create a central office which, 
acting as a link between science and practice, shall deal with the 
various problems as they arise. At the suggestion of the German 
Printers Association and with the generous assistance of the 
Prussian Ministry of Science, Art and Education, a Research 
Institute for Graphic Industrial Art is to be started in the Poly- 
technic School at Charlottenburg. The functions will be: 


The testing of inventions of interest to graphic industrial 
art 

The testing of new processes of printing and reproduction 

The examination and testing of new machines 

The practical training of workers on a scientific basis 

The publication of the results obtained by research 

The creation of an office for trade literature and the 
literature of patents 
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7 The solution of tasks entrusted to the Institute by the 
Curatory.’ 

The Institute will probably begin its activity on January 1, 
1930. It is to be expected its work will contribute in a large 
measure to technical and economic progress in the trade, and that 
science proper will meet with considerable progress by the addi- 
tion of a new line of research and a new field of problems. 

Whereas material motives may largely be determinative of the 
cultural improvement due to applied scientific knowledge, we 
are justified in regarding the efforts at education among members 
of the trade as primarily the outcome of a desire for personal 
betterment in the interests of the calling. A typical symptom of 
their thirst for knowledge is the movement which, more than 25 
years ago, led to the establishment of the first local associations 
aimed expressly at the cultivation of trade knowledge and the 
training of capable workers. This movement received the active 
assistance of the printers’ trade union. It soon evolved firmly 
established organizations, the largest of which is the ‘‘Bildungs- 
verband der Deutsche Buchdrucker.” This association now 
comprises 450 local groups with a total membership of 25,000; 
it publishes three trade magazines, namely, the ‘““Typographische 
Mitteilungen,” the ‘“‘Graphischer Betrieb,’’ and the “Jungbuch- 
drucker;” the editions number, respectively, 23,000, 10,500, and 
18,500; they are printed in the association’s own works. 

Optional post-apprenticeship education is obtainable in the 
book-trade departments attached to almost all public industrial 
art schools. These are conducted according to a fixed curriculum 
and on pedagogic principles; only a small fee is charged. 

Special care is now being devoted to the training of master 
printers, Whereas, in former years, the only way open to the 
principals of printing establishments as regards the training of 
their prospective successors was to give them a reliable appren- 
ticeship and send them as volunteers in other businesses or to en- 
ter them at some industrial art school, the ‘“‘Meisterschulen”’ in 
Munich and Leipzig now provide the future manager or pro- 
prietor of a printing concern with excellent opportunities of 
extending and completing his knowledge in all pertinent sub- 
jects. The ‘‘Meisterschulen”’ owe their existence to the initiative 
of the ‘Deutsche Buchdrucker-Verein,’’ under whose control 
they stand and work under their supervision. The curriculum 
of the Munich school covers three terms of six months each; it 
deals principally with letterpress work and the immediately 
associated branches of reproduction processes and bookbinding. 
Leipzig aims higher. It teaches, practically and theoretically 
and on an almost equal plane, not only letterpress work, but also 
all other printing processes, thus taking account of the progressive 
tendency of purely letterpress concerns to develop into mixed 
enterprises. The duration of the course depends upon the aims 
of the student, his previous training, his talent for drawing, and 
the position already occupied or to be occupied in the future, as 
well as upon his financial position. A specially selected teaching 
staff, together with machines, equipment, and buildings of a 
modern character, guarantee a comprehensive and appropriate 
training. At both schools admission is contingent upon evidence 
of a proper general and trade education. The minimum entrance 
age to one school is 18 years, while it is 19 years for the other. 
At Munich the fee per term is 300 marks for Germans and 450 
marks for foreigners; at Leipzig it is 350 marks and 700 marks, 
respectively. 

Any one, however, who desires to obtain more than a trade 
training and to pursue artistic aims may do so at the ‘‘Akademie 
fiir Buchgewerbe und Graphik” in Leipzig. This is a select 
institute with practically university rank; it is under the direc- 


7 A sort of board of trustees composed of owners of printing plants 
and the authorities of the government—all of those who are interested 
in maintaining the research institution. 


torship of Walter Tiemanns, a well-known artist in black and 
white and in book production. The institute teaches every 
description of graphic art. 

Since the abandonment of the traditional style at the turn of 
the century, artistic expression has repeatedly changed its 
character without having found, as yet, any lasting form. The 
sound development which typography promised to pursue in the 
earlier years of the present century was abruptly called to a halt 
by the harsh voice of war, and peace-time efforts of recent years 
have failed to reconcentrate our artistic forces. upon any definite 
goal. We often hear, indeed, the slogan of “modern matter-of- 
factness,”’ but the only impression I have been able to obtain 
from the present manner of realization is that it constitutes merely 
a passing stage of development and is not of a lasting nature. 

The present fashionable lapidary forms of type, beautiful as 
they are, run counter to the romantic tendencies of the German, 
whose soul finds its natural and lasting expression in the Gothic 
characters. Consequently, these forms are destined never to 
develop into a popular means of expressing the German mind. 
Nevertheless the effort to attain purposeful matter-of-factness 
has met with success to the extent that it has, in recent years, 
made type the center of the graphic possibilities of expression 
Type and surface are today the elements used for expressing 
ourselves in form; their development and improvement consti- 
tute our next task; and, unless all symptoms mislead, the coming 
decade is likely to see a renaissance of typography in which mat- 
ter-of-factness is combined with beauty. 


Economic DEVELOPMENTS 


Enhanced capacity, augmented investments of capital, and 
enlarged risks, coupled with smaller profits, are the characteristic 
features of the economic situation in the German printing trade 
at the present day. As compared with pre-war years, the scope 
of activity has, for the individual, become more restricted and 
competition keener. Considering the political and economic 
catastrophes which Germany passed through subsequent to 
1914, one cannot be surprised at the situation. Throughout the 
war, the printing trade had to live on its capital. During the 
years of monetary inflation, the continued depreciation of the 
currency swallowed up every profit. Only with the stabilization 
of the mark were conditions created in which it was possible for 
the still-existing but fragile forces to recover. This was, how- 
ever, only feasible if all expenses were rigorously curtailed and 
profits increased. 

The new economic period was introduced under the slogan of 
“rationalization.” At first a mere fleeting word, passing from 
mouth to mouth and now lauded, now decried, it soon came to be 
a serious admonition to look into matters, to see that everything 
met the demands of the day, and to ascertain whether this or that 
needed improvement or should be replaced by something else 
altogether. The inner arrangements of the printing trade were 
reorganized, cost accounting was revised, equipment and per- 
sonnel scrutinized as to their efficient utilization, antiquated 
methods swept away and superseded by new ones. This soon 
resulted in various benefits to the individual concerns; but, if 
the trade as a whole were to benefit, systematic action was 
necessary. This recognized, the Deutsche Buchdrucker- 
Verein, as the first to act in the matter, created two institutions, 
viz., the ‘‘Normenausschuss fiir das Graphische Gewerbe”’ and 
the “Wirtschaftsamt des Deutschen Buchdruckervereins,”’ both 
domiciled in Leipzig. 

The ‘“Normenausschuss,’”’ known briefly as the “Nagra,” is a 
committee to which is entrusted the proper application to the 
tools, equipment, and materials used in printing of the principles 
of standardization (normalization) recognized by science and 
practice to be the most suitable. The committee embraces four 
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subcommittees, for paper, printing ink, machinery, and type, 
respectively, each composed of representatives of the producers, 
consumers, and other parties properly interested and including 
representatives of the relative workers’ organizations. The 
“Nagra’”’ works in close cooperation with the ‘‘Normenausschuss 
der Deutschen Industrie’ and the bodies representing the 
suppliers of the book trade and its customers. In regard to the 
fixation of standards for paper, printing ink, equipment, tools, 
and accessories, the “‘Nagra’’ has already done valuable service. 
The standards have been definitely settled for type cases, racks, 
composing sticks, locking-up apparatus, roller diameters, cylinder 
packing thicknesses, the sizes of printing machines, chases, 
mackling-rails or bearers, imposing irons, and laying-on boards. 
A standard printing press is in course of preparation. 

The direct economic advantages of the trade are looked after 
by the “Wirtschaftsamt,’’ whose task it is to safeguard the 
economic interest of printers, to watch over their relations with 
the purveyors to the printing trade and the supply of requisites 
and goods, to influence prices in favor of the trade, to represent 
its economic interests before the authorities, to act as go-between, 
to give expert opinion, to make assessments, and to mediate in 
disputes. 

Although the benefits of these measures as now in progress 
cannot be demonstrated in figures, it is certain that they are 
already very considerable. One gage of the success attained is 
to be found in the fact that, merely by the standardization of 
paper sizes for the printed matter of the Reich, an annual saving 
of $71,400 has been effected in the expenditure for paper printed 
in the Reichsdruckerei. Among other results is the slow but 
steady and indisputable financial recovery of the trade. This 
might well be accelerated if the lines laid down in the “Deutsche 
Druckpreistarif’’ (printing tariff) for calculating the price of 
printed matter were more usually followed than is actually the 
case. But the excessive modesty of the printing trade as regards 
the valuation of its own output is doubtless an international 
characteristic, and any hopes of a change would probably be in 
vain, In any case, the average profit of 5 to 6 per cent is very 
moderate. And yet higher figures are quite exceptional and are 
obtained only in special circumstances or by large concerns which 
combine production and distribution. In order to obviate a 
further fall in prices, so-called “kollegiale Abkommen”’ (gentle- 
men’s agreements) have been formed for the purpose of keeping 
local competition, at least, within reasonable bounds. 

Wages and work conditions are regulated by tariff contracts 
between the employers’ and employees’ organizations. In 1928 
the average tariff wages per week for hand compositors amounted 
to 53.7 marks ($12.80) and for assistants to 46.75 ($11.13). 
The wages actually paid probably averaged about 10 per cent 
more. These rates lie somewhere between those of the metal 
industry and those of the building trade; the former are roughly 
10 per cent lower and the latter 10 per cent higher. 

Some examples are displayed of the many kinds of work that 
the German printers turn out. They are intended to give you 
concretely an idea of our present activities.’ I therefore com- 
mend them warmly to your attention, and trust that I may have 
succeeded in convincing you of the earnest will to work and to 
accomplish which reigns generally today in Germany and her 
printing trade. To have done so will give me the liveliest satis- 
faction and pleasure. 


8 This extensive and remarkable exhibit of the German printing 
art is now in the care of the College of Industries, Carnegie Institute 
of Technology. A somewhat similar set of these fine examples of 
current German typography will be sent by Herr Helmberger to 
Otto W. Fuhrmann and will be placed on exhibit in the Division of 
Graphic Arts, New York University, of which Mr. Fuhrmann is the 
director. This collection will also be loaned for exhibition on other 
occasions and in other cities. 
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Discussion 


Rosert W. Disque.’ The author states the wages paid to the 
printers; many of us would be interested to know the hours of 
labor, and also if there is a five-day week over there, or are they 
agitating for the five-day week? 

Pror. W. Trinks (interpreting for Herr Helmberger). They 
work 48 hours per week, eight hours per day. He says no interest 
has been shown in the five-day week, and anyway the economic 
conditions are such that they could not think of it. 


Joun CiypE Oswap.” What are the wages in the pressroom? 

Proressor Trinks. Herr Helmberger says that the tariffs of 
wages for the typesetters and for the men in the pressroom are 
the same; but, depending upon the type and size of machine, 
additional wages are paid, 20 to 25 per cent more than the tariff 
wages. 


Eric H. Laass.'! The recorded speed is 4000 per hour; what 
is the maximum printing speed of the daily newspapers? 

Proressor Trinks. He says that in offset work 4000 is the 
maximum, but in newspaper work of course, 20,000. This 4000 
only refers to offset work on the machines that are now in opera- 
tion, but machines have been built lately that exceed this speed, 
but of course that does not refer to newspaper work. 


JosepH R. Buiarne.'? In the cylinder packing, is that some 
certain figure that they have standardized to? 

Proressor Trinks. He says that the packing is always 
1'/, millimeters. 


Ortro W. Funrmann.'* I might amplify the statement by 
saying that usually in German machines, up to the present time, 
the packing varied from '/j to '/s in., soft, medium, and hard 
packing; they are trying now to come down to the American 
system of hard packing, which is equal to about !/j¢ in. 


What British Printers Are Doing to Encourage 
Research 
By JOHN R. RIDDELL,'* LONDON, ENGLAND 


The principal bodies of the printing trade in England have 
set up a Technical Bureau for gathering and pooling technical 
information and for the development and furthering of scientific 
research and investigation in technical problems. 


T HAS BEEN SAID that Great Britain is the home of 
scientists—whatever has happened in the past; and they 
have done some wonderful work in this direction. Most of 

our basic industries have their research departments and their 
staff of engineers, chemists, etc. 


* Production Manager, The Gannett Newspapers, Rochester, 
10 Managing Director, New York Employing Printers Association. 
Mem. A.S.M.E. 

11 Mechanical Engineer, Cutler-Hammer Mfg. Co., Milwaukee, 
Wis. Assoc-Mem. A.S.M.E. 

12 Mechanical Engineer, Miehle Printing Press and Mfg. Co., 
Chicago, Ill. Mem. A.S.M.E. 

13 Director, College of Graphic Arts, New York University. 
Assoc. A.S.M.E. 

14 Principal of the London School of Printing. 

Presented at the International Conference of the Technical Experts 
in the Printing Industry on the Need for Research, called by the 
A.S.M.E. Printing Industries Division at the Carnegie Institute of 
Technology, Pittsburgh, Pa., November 7 and 8, 1929. 

Note: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 
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Printing, the art which has educated the world, is seemingly 
the last to educate themselves. Up to recently they had made 
no move to institute a research department; therefore it is with 
all the greater interest and all the greater pleasure that I attend 
here to tell you about a recent movement in England. First, 
allow me to congratulate “the fathers’ of this movement for 
their farsightedness in instituting such a gathering as this, for 
I am certain that it will be of the greatest value. 

Many of our industries, as I have said, have their own research 
departments. Many of them are connected with technical 
institutes where they carry on their investigations. Up to the 
present, printing has had no such department. It is true that 
some of us who are associated with technical schools sometimes 
read a very abstruse paper before a learned society—perhaps 
they do not know what we are talking about, and I question 
very much if we do ourselves. Many of these papers are im- 
practicable, and claims made for any technical school connected 
with the printing industry having done valuable research work 
I feel cannot be substantiated. But we are now making moves, 
and probably the initial move was that of the great school which 
I have the honor to represent. It is a school which is controlled 
and directed by representatives of the printing trades. We have 
over three thousand students, and it might be helpful if I state 
that to us printing is not relief printing only, but anything with 
which we can impress a print on paper. In that school we have 
lithography, bookbinding, stereotyping, electrotyping, as well 
as letterpress printing, and all the branches connected with the 
industry. We have classes for paper, newspaper printing, design, 
advertisements, accountancy, estimating, science, color, sales- 
manship, etc. 

The school is more or less a trade movement. Employing 
printers, newspaper publishers, and the unions contribute and 
have guaranteed to give financial aid to that school every year 
to help maintain it. The balance of the cost is made up by the 
local educational authority. The school is entirely governed 
by printers. Every member of the governing body is a printer; 
every teacher is a printer; every student in the school must be 
employed in the printing office before he is enrolled. We do 
not devote our attention to the teaching of those who hope to 
enter the business. We concentrate, and we think it right 
that we should do so, on making the person who is employed in 
the work of a printer a still better craftsman. 

Conditions are different with us from those which obtain in 
America. We have that old great institution of apprenticeship, 
where our boys have to serve for seven years—a rather long 
time compared to what you do; and when the boy is indentured, 
he must stay with the firm during the whole of his seven years’ 
apprenticeship. Therefore there is no opportunity for him to 
move about from office to office by the lure of higher wages. 
He has to complete the indenture in one office. Arising out of 
our system of training we have a series of lectures; and last 
year—reference has been made to a particular lecture both by 
the chairman [Mr. Keller] and by my good friend Mr. George 
H. Carter—we had an address on the application of science to 
printing. 

It created much interest, and a great amount of discussion 
took place, with the result that a committee was set up with 
that great driving force and great newspaper publisher, Lord 
Riddell (no relative of mine), as chairman; and those of you who 
know him realize that when he takes a thing up it has to go 
forward. 

The committee was set up to consider how organized re- 
search in an industry could be best instituted. After a good deal 
of discussion by the representatives of the principal bodies of 
the printing-trade organizations, it was agreed to institute a 
Technical Bureau for the gathering and pooling of technical 


information and for the development and furthering of scientific 
research and investigation in technical problems. 

At the moment the position is that these representatives have 
gone back to their own particular associations to ascertain to 
what extent they will be prepared to finance the scheme. I 
am hoping that when I get back to England I shall find that 
everything has been settled for the institution of a Technical 
Bureau for the Printing Industry in Great Britain. 

We are hopeful that much value will accrue to printing and all 
its branches from the work undertaken by the bureau. 

Printing provides an unlimited field for investigation and 
research. Every turn we make calls for a scientific application. 
We have been too long dependent upon rule-of-thumb methods, 
and I should like to pay this tribute to the American printing 
engineer, who gives printers machines with which printers can 
work. I regret to say that in my own country until the intro- 
duction of modern machinery the engineer gave the printer the 
machinery that he thought he ought to use, which makes all the 
difference—getting a machine with which it is easy to work and 
one which takes all the energy out of a workman to get results. 

It is true that you are developing a great craze for speed. I 
question very much if excessive speed is altogether desirable in 
certain grades of work, for when we get beyond a certain point 
in speed we must lose craftsmanship, and that is what we in our 
country are keen to maintain—pride of craft. The training of 
our young men is arranged that they may not only fill important 
executive positions, but also keep up a high standard of work- 
manship. 

We give great attention to the training of young men as 
executives. Those young men have to go through every de- 
partment to prepare them for the work, and part of their training 
includes science. We have not yet been equipped to the extent 
where we can undertake organized scientific research for the 
printing trade, but out of the Technical Bureau I am hopeful 
that we will in the very near future be able to undertake investi- 
gation on a scientific basis and to pool our information for the 
benefit of the industry. It is quite impossible for any one 
individual to undertake the. work; we must have a collection 
of men, each versed in his own particular aspect of science; 
and it is pleasing to find how some of your associations have 
been supporting scientific research. At that great Government 
Printing Office in Washington you have men maintained by 
certain organizations who are delving into the causes and effects 
of conditions and methods. You are ahead of us. Some of 
our printing offices have introduced chemists on their staffs; 
but what can one man do in all the ramifications of the printer’s 
work? He can only take one subject at a time. But if you 
have organized research with chemists at work in a central 
laboratory, such as has been proposed, and such as I am hopeful 
we shall take up in our country, much good will arise to the 
benefit of industry generally. 

I should like to suggest to the committee to be set up to con- 
sider the proposition of research now before you that it will be 
found possible for correspondents from each of the countries 
throughout Europe to send in reports of what is happening in 
their own countries. Let every one of us do what we can for 
the furthering of the scientific development of our craft; let 
those correspondents submit detailed information of the latest 
developments in matters relating to printing. If that is done 
and the information is disseminated among the members of the 
association which is set up, I am certain that it will be of the 
greatest value. 

There is a need for a greater knowledge of what is happening 
throughout the world, in reference to plant, processes, and meth- 
ods of production. No country has the monopoly of ideas or 
intentions, and if facilities were available for the dissemination 
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of such information it would prevent many from making un- 
fortunate decisions. As most of us know, a process which as 
the result of experience has been discarded in the country of 
its birth is frequently foisted on printers of other countries. If 
the information could be obtainable at a central institution, 
many would be deterred for making errors. 

I gladly welcome the formation of an institute for research 
in printing, and can with every confidence guarantee the support 
of those of us in Great Britain who are interested in the same 
subject. 


Canadian Bureau Seeks Out the Latest 
Machinery and Processes 


By JOHN MUNRO," OTTAWA, ONT., CANADA 


Y CHIEF is called the King’s Printer. Our director 
M is Mr. P. M. Draper, well known in this country. The 
Canadian Federal Printing Office was instituted in 1889, 
and from that time has struggled on, and improved, and has 
gone through all the experiences of the average printing office. 
Research as applied to the printing office goes back even to 
1889, and one can see the groping and the results from the 
individual effort—it was not called research in those days but 
still it was research—until it began to be a little more systematic, 
methodical, and aggressive. 

Our plant now comprises from 500 to 600 employees, all well 
enthused and competent. We lack lithography and _ photo- 
engraving, as does, I believe, the Printing Office in Washington. 

Then, following through the easy stages of that early period 
until we come to the promptings of something new in research 
showing us results and showing us demands, we found that 
we had obsolete machinery, obsolete equipment, and, many 
times, obsolete ideas; and all that was aggravated sometimes 
by an over-economical management, with no money to spend. 
That is an ordinary cry in the printing office—anyway, it has 
been in the past—no money to spend. It may take years and 
years to develop a new idea and to have the installation made. 

However, in this present day I have had to go around our 
plants, and I do it quite frequently, to our different executives, 
general foremen, and foremen, and ask them if there is anything 
they would like to have—never mind the price. The policy 
is pretty much along that line with us today, so that the officers 
feel, from the chief down, that we are in search for something 
modern and progressive. 

One period emphasized that to us. The appearance of the 
mimeograph and similar quick methods of reproducing took a 
lot of printing from the plant that we considered belonged to us. 
We lost considerable, but it simply showed us that we had a 
class of printing that was not any too desirable anyway, and we 
let it go overboard without too much grumbling, and then set 
ourselves at the task of improving and reaching out among other 
customers. Fortunately, in one sense, they have to be our 
customers, printing for the Government. We got results in 
better quality of printing, better illustration, not only black and 
white, but in the process colors, and getting it out probably in 
time. For instance, we did a bird book for a district or section 
of the country. In this bird book is shown in realistic color 


16 Plant Supervisor, Canadian Government Printing Bureau. 
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fashion the bird that you are looking up; and you will find the 
same bird with the characteristic markings and shadings as 
it ranges from one part of the hemisphere to another—from, 
say, South America to the Middle States; and the printer has 
to give the technique, the artistic and realistic figure, and the 
coloring of those birds and animals. 

That is what we have reached out to do, and we feel very 
comfortable, so far as the volume of our business is concerned, 
for we are always busy, and we are better off in having lost the 
cheaper quality of work and having let it go to the mimeograph 
or otherwise. 

That, in keeping with the policy of our executives, gives the 
incentive for a good deal of looking around. We are always 
on the search, and we have certainly modernized everything up 
to the latest point and are not satisfied with that. 

We have even put in additions from Berne, Switzerland; 
but mostly we come over the line into the United States and go 
through the different American cities and see what there is. 
We come in and listen, and try to develop something definite 
to satisfy the ideas that have been in our minds for a number of 
years. 


Discussion 


Cuares F. Hart." Now I want to go after my old friend, 
John Riddell. I have known him for twenty years, and we 
have had many a battle. He sounded a discordant note that 
I did not like when he said that in the breakneck rush for speed 
we are sacrificing form. The best-printed papers I have seen 
in New York City have been printed from a press volume of 
50,000 to 55,000, but it would be utterly impossible to do that 
with the ink that we were using ten, fifteen, or twenty years ago. 
The ink we are using now is nothing more than a carbon black, 
and good sharp mineral water. It is really as near rotogravure 
ink as it is possible to get—simply the stain on the paper; other- 
wise you never could dry at that speed. So that when we must, 
in order to get speed, use an ink of that type, we must also expect 
to find that with the high-speed motors the ink is going to be 
thrown off. I do not think the question of speed has anything 
to do with the quality of newspaper printing, except maybe on 
the very lowest speeds. 

Joun R. Rippett. There is probably a good deal in what 
Mr. Hart says, but I am afraid he is under the impression that 
I consider printing to be summed up in newspapers. There is 
another sort of printing besides newspapers. He is certainly 
quite true in what he says, but there is a difference of opinion. 
I am still taking the position that when you get beyond a certain 
speed you do lose quality, even in newspapers. 

There passes through my mind an incident concerning Mr. 
Hart, who was in London for a number of years. The late 
Lord Northcliffe, at a function he was giving, addressed his 
staff, saying to the editorial people, ‘‘You think that you produce 
the newspapers, but,’’ and he turned to Mr. Hart, ‘there is the 
man that makes a successful newspaper—he gets his paper on 
the street a few seconds after it leaves the press.’’ So that was 
speed, and good speed. 

I hope I have been forgiven for stating, and still stating, that 
quality does suffer with speed, not entirely from the viewpoint 
of newspaper printing, but looking to the higher side of the craft, 
commercial printing and colar work. 


T. S. Waturve.” Our publications and our magazines of 
trade still have a high quality. We have a certain type of 


16 Mechanical Superintendent, The Times, New York, N. Y. 
Mem. A.S.M.E. 

17 Mechanical Superintendent, McGraw-Hill Publishing Company, 
New York, N. Y. 
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press that was constructed to run an average of 3500 an hour. 
We have made certain tests and then certain improvements on 
those machines, and we have increased the speed so that now 
our average is 4200 an hour; and yet we are arriving at a much 


better quality of printing. Our forms are much heavier than 
they ever were, and we feel much elated over the results that. 
we are getting. It is a point whether quality is sacrificed by 
speed. 


Second Session, Thursday Afternoon, Nov. 7, 1929 


A Meeting to Consider Only the Practical and 
Technical Details of Printing Operations 
By JOHN CLYDE OSWALD,"® NEW YORK, N. Y. 
(Chairman of Second Session) 


AM NOT the oldest man here—I am not the oldest in or- 
ganization work; but my participation in organization work 
dates very far back. I recall that my first convention of the 

United Typothetae was held in 1894, my second occurred the 
next year, and in 1896 we assembled in the City of Rochester; 
and at that convention the head of a great printing house in 
the East, a man of wide experience in printing, got up to read a 
paper on technical matters connected with the operation of the 
pressroom. 

One of the delegates arose and made the suggestion that the 
gentleman be permitted to read his paper’s title and have it 
printed, rather than take up the time of the convention in de- 
livering it. Others objected, saying that he had been invited to 
come, and had gone to the trouble of preparing it, and he should 
be given the courtesy of presenting it. This latter counsel pre- 
vailed, and they sat and listened to him deliver this paper on the 
technical operations of the pressroom. 

I could not help but contrast that meeting with the opening 
session held this morning, as I sat here, listening to the addresses 
that were presented to you. What a great difference a third of a 
century has brought about!—for we are here assembled to con- 
sider only the practical and technical details of printing opera- 
tions, having come to a realization that, if we are to put our in- 
dustry on a basis which other industries are being put on, we 
must start at the beginning of things. 

It seems to me that it is a happy augury of prosperities to come 
that we have arrived at that stage in our deliberations. 

I think we are making history here today; we will be making it 
tomorrow—history that is going to be epochal in that of the 
graphic arts, and I appreciate the opportunity that I have of 
playing a part in the proceedings. ’ 

My office today is merely to start the meeting off. However, 
before introducing the presiding officer I will announce the 
Committee on Resolutions that your chairman of this morning 
was authorized to appoint: George K. Hebb, treasurer of 
Evans-Winter-Hebb, Inc., of Detroit, chairman; Charles F. 

larkson, vice-president of Philip Ruxton, Inc., New York; 
E. G. J. Gratz, chairman of the board of William G. Johnston 
Company, Pittsburgh; John W. Park, production manager, The 
Tribune, Chicago; I. Van Dillen, treasurer, Bartlett-Orr Press, 
New York; and W. J. Wilkinson, president, Zeese-Wilkinson 
Company, Long Island City. 

These men have been selected for the reason that they repre- 
sent different branches of the industry. The committee is ex- 
pected to present its report tomorrow evening at the business 
dinner. Is there any business of any kind that should come 
before this meeting? 


18 Managing Director, New York Employing Printers Association; 
We of Executive Committee, Printing Industries Division, 


I. Van Ditten.'® This conference on the need for research 
has gone far enough now to look toward some definite objective. 
While we are going to hear many other speakers on the subject, 
yet I would like at this time to read a resolution that we have 
prepared, to be taken up by whatever means you wish to direct. 
It is as follows: 


Whereas, the representatives of the graphic arts of North America in 
attendance at this international conference on printing research recognize 
the important contribution to industrial progress which is being made 
through technical research, whether it be in the field of transportation or 
communication, in the manufacture of electrical equipment or chemical! 
supplies, or in other basic industries; and 

Whereas, the graphic arts of North America, representing basic industries 
doing annually a business of nearly three billion dollars, have given rela- 
tively little attention to technical research as it relates to materials, ma- 
chines, processes, and the elimination of waste in their own field; and 

Whereas, the graphic arts of North America must encourage and carry 
on technical research in a comprehensive way in order to cope with present- 
day industrial problems; therefore, 

Be it resolved, that a Graphic Arts Research Foundation be established 
which shall be supported and counselled by all graphic arts interests that 
desire to cooperate; that chief among the purposes of the Research Founda- 
tion shall be: 

1 To conduct basic technical research in all phases of the graphic arts. 

2 To consider concrete problems of immediate importance to the graphic 
arts. 

3 To outline means of testing inventions and of inspection or checking 
results of manufacture or purchase for the benefit of the graphic arts. 

4 To cooperate with other graphic arts research agencies to avoid dupli- 
cation, except as requested for confirmation and checking purposes. 

5 To record and index properly all research work in process, all research 
data available, and other pertinent information. 

6 To publish results of all general research activities and special studies. 

7 To initiate desirable research projects, including the economics of 
the industry; and 

Be it further resolved, that a Ways and Means Committee be appointed 
by the chairman to formulate a plan to establish and maintain this Research 
Foundation; and 

Be it further resolved, that the representatives of the graphic arts interests 
in attendance at this international conference on printing research hereby 
pledge themselves to advocate and promote the active participation of 
their respective interests toward the consummation of this plan for a Graphic 
Arts Research Foundation. 


I submit this to the Committee on Resolutions. The work is 
colossal; the decision of how much we need is up to them. 

CHAIRMAN OswaLp. This resolution will take the usual 
course of being presented to the Committee on Resolutions. It 
will be considered before the business meeting tomorrow night.*° 


The Printing Industries Division Had Its 
Origin About Eight Years Ago 
By WILLIAM CLEMENT GLASS,?! NEW YORK, N. Y. 
(Presiding Officer of Second Session) 


HE duties of a presiding officer do not include the making 

I of speeches. At the same time I trust that you will 
pardon a reference to things which this meeting has brought 

to my mind. I will go back to about eight years ago, when I 
succeeded in convincing the Council of The American Society of 
Mechanical Engineers that the graphic arts industry was suf- 
ficiently important to warrant having a division devoted to it. 
With the help of several members who were printing machinery 


19 President, New York Employing Printers Association. 

20 The resolution was there unanimously adopted, and the Commit- 
tee on Resolutions was named as the Ways and Means Committee to 
plan for the Graphic Arts Research Foundation, with power to 
enlarge the committee membership. 

21 U. P. M.-Kidder Press Company; Chairman of Meetings and 
Programs Committee, A.S.M.E. 
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manufacturers we finally convinced them that perhaps there was 
somewhat of engineering to the printing industry. At last they 
agreed that they would have a committee to see what it amounted 
to. Fortunately at about that time the report on ‘‘Waste in 
Industry”? was published, and that helped considerably. 

We finally put it across in a small way, and we went ahead. 
I want to say right at this time that the responsibility for this par- 
ticular meeting does not rest on the shoulders of the chairman of 
the Meetings and Programs Committee, but the credit for the 
work falls upon the Chairman of the Executive Committee, 
Mr. Hulse, and Mr. Jewett, because while this was being worked 
up I was in Europe. I do feel, however, a very justifiable pride 
in seeing a vision conceived about eight years ago take shape 
in the very definite form of this conference. 

I am very sure that we are going on to great things and that 
the graphie arts industry certainly is going to demonstrate to 
The American Society of Mechanical Engineers that it embraces 
a very important part of engineering. 

One delegate here has put into a very few words a thought 
which was in my mind, and which I could not express, when he 
said that he felt that the leading minds in the graphic arts were 
present at this conference. Certainly as I look over this gather- 
ing and take note of those who are here, he did not state it at all 
too strongly. We are satisfied that great things are going to 
come of this conference. 


What the Bureau of Standards Has Done in 
Research for the Printing Industries 


By HENRY D. HUBBARD,*?? WASHINGTON, D. C. 


The outstanding element of industrial progress is the use of 
measurement in the precise control of design and process. De- 
sired properties may be built into materials almost at will. The 
bureau was drawn into industrial research because of the growing 
union of science and industry. It has successfully solved some of 
the problems of the printing industry, and the address deals with 
research in bindery materials, in electrotyping, in printing plates, 
particularly chromium plating, and in paper. 


the use of measurement in the precise control of the details 

of design and process. We build desired properties into 
materials almost at will and are less inclined merely to seek spe- 
cific materials which, at the outset, have such properties. We 
mold the quality of a material as we mold its form. The Bureau 
of Standards was drawn into industrial research as were other 
research institutions because of the intimate and growing union 
of science and industry. 

The bureau has made researches in binding buckram, electro- 
typing, printing plates, and paper. To sum up its experience is 
to say that measurement is the modern method of discovery, 
record, planning, and application. We measure the need and 
make to measure the things which are to meet the need. It was 
this which made the bureau a factor in some of the researches of 
interest to the printing industry. While not in any sense a bureau 
for printing research, its expert staff, with unique facilities, met 
with some success in a few problems of particular interest to 


[te outstanding element of industrial progress today is 
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printers, problems submitted to the bureau by industry or by 
the national Government. 

In the early days the bureau was one of the few laboratories 
then existing in the Government service. It became perforce 
a utility bureau where laboratory work was needed. 

A very simple type of early research was the choice of buckram 
as a substitute for sheep binding of Government publications. 
The author recalls when an Act of Congress still prescribed bind- 
ing in sheep leather. Serious complaints led the Joint Committee 
on Printing to request the Bureau of Standards to investigate 
the properties of certain selected buckrams and other binding 
cloths, 22 in all, to develop criteria and facts for selecting the 
most suitable binding cloth for Government publications. 

The bureau was asked also to study how insects attack book- 
binding cloth and to find a remedy, if possible. Colonies of 
“croton” or water bugs (ectobia germanicae) were cultivated under 
bell jars with uniform strips of all the samples of buckram and 
other binding cloths. With plenty of air and water but no food, 
they were forced to attack any edible substance on the samples. 
After many days’ exposure some cloths were stripped of coating, 
others were unattacked—presumably in the order of edibility. 

The experiment, twice repeated, established that the cloth 
coating was distasteful and that choice was not by accident, imita- 
tion, or force of habit. The weight of the coating or its content 
of indigestible matter did not affect the choice. The nature of 
the fabric had no effect upon the choice, since the bugs did not 
eat the fabric, but only the nutritious materials of the coating. 
It was thought that perhaps poisons might immunize the cloths. 
Quinine and strychnine were attacked as readily as samples 
treated with pure water, without harm to the bugs. Chrome 
yellow, containing lead and chromic acid, both poisons, appar- 
ently was not fatal nor was it avoided by the bugs. The test 
results were so uniform that the immune buckrams were selected 
as bug-resistant. 

The test data comprised yarn count for warp and weft, thick- 
ness, bone-dry weight, changes in weight and dimension of 
warp and weft at 65 and 100 per cent humidity, tensile strength, 
stretch, folding and wearing endurance, and light fastness. The 
bureau eliminated cloths attacked by the bugs, those showing 
fading or undue moisture absorption (as being liable to mold), 
and one showing excessive friction (unfitting it for library use). 
The remaining samples showed adequate wearing endurance. 
The results were critically reviewed by experts in bookbinding 
before a final choice was made. 

Action by Congress and the Joint Committee enabled the 
Public Printer to use the new binding buckram chosen as the 
most suitable binding material (the famous No. 666, ‘“Govern- 
ment document buff bug-proof buckram’’) as a substitute for 
split sheep leather, which it resembled closely in color and had to 
match on library shelves. This buckram, it was said, cost a 
third and lasts three times as long, a net economic gain of 800 
per cent resulting from a relatively simple research. 

Standardized control of electrotyping solutions was developed 
for the International Association of Electrotypers and with their 
cooperation, in 1914. Copper electrotyping solutions were then 
controlled by rule-of-thumb. Simple methods of analysis or 
shop control were rare or unknown. 

By experimental research were developed the measured con- 
trols, or conditions under which copper deposits could always be 
made of uniformly highest quality. The results have been in 
steady nation-wide demand ever since. 

In a recent new and interesting research the permissible rate 
of copper deposition was doubled. It was discovered that phenol 
(carbolic acid) permitted more rapid copper deposition and gave 
harder copper deposits. Plants can now deposit the required 
thickness of copper in half the time previously needed. 
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In a similar research standardized control and operation were 
worked out for nickel. A very simple electrotyping solution with 
only two constituents was found to yield better results than many 
complex solutions then in use. 

The war cut off the supply of molding wax for electrotyping 
(chiefly Austrian ozokerite from Galicia). Ozokerite deposits in 
Utah were not yet exploited. The bureau found suitable admix- 
tures for Utah ozokerite to give it the necessary properties, and 
this led to its successful use in the American electrotyping in- 
dustry. 

The need of satisfactory quality graphite led to a bureau 
research on its properties. New test methods were devised for 
determining the suitability of deliveries for electrotyping pur- 
poses. The results were published and embodied in specifications 
now accepted generally by graphite dealers, so that deliveries of 
graphite became notably more uniform and satisfactory to the 
industry. 

The accurate registration of color plates is the subject of an- 
other bureau research of importance to printers. In making 
electrotypes for color printing where curved plates are needed, 
trouble arises when they fail to register. The cause is dimen- 
sional inaccuracy, changes in the paper, or defective presswork. 
To discover what factors affect plate dimensions, a method is 
being devised to measure accurately any dimensions upon either 
flat or curved plates. A special gage designed at the bureau 
measures the distance between any two points on any curved 
plate. Precision treatment thus possible will surely yield meth- 
ods for the accurate control of the factors which govern perfect 
registration. Commercial electrotypers are now called upon to 
furnish plates to fit as many as twenty diameters of cylinders, 
and plates of three or four different thicknesses on the same sized 
cylinder. It is hoped that research here may reduce the number 
of sizes, simplify operations, save expense, enhance the accuracy 
of registration, and thereby improve the quality of printed work. 

Intaglio plates for printing our national paper currency have 
for ten years past been the subject of research by the Bureau of 
Standards in cooperation with the Bureau of Engraving and 
Printing. The first research developed a successful electrolytic 
process for reproducing printing plates from original engraved 
master plates. In the Bureau of Standards process the negative 
or “alto” plate is made, not by intermediate impression in lead 
or wax, but by direct electro-deposition. Upon this “alto” 
plate, the “basso’’ or finished replica of the original plate is 
deposited. The process is so exact, so sensitive, that all signifi- 
cant lines and also even the finest perceptible scratches of the 
original polish are faithfully reproduced. The plates were 
cheaper than case-hardened steel plates, produced equally good 
impressions, but had shorter life. The Bureau of Standards 
therefore decided to use chromium plating, which proved a most 
interesting and successful enterprise. To lengthen the service 
life of electrolytic plates, a thin coating (about 0.0002 in.) of 
chromium was added to the nickel surface. Chromium—the 
hardest metal known, as measured by abrasion resistance—gave 
the new plates a much longer life, often four times that of pre- 
vious plates. 

Electrolytic plates were made of alternating nickel and copper 
layers to a total thickness of about 0.06 in. This shell is soldered 
to a steel plate to give the needed thickness and strength. The 
newer plates, however, consist entirely of electrodeposited iron, 
except for thin layers of nickel and chromium on the printing 
surface. This process is designed to save material cost and 
simplify grinding and soldering. It is now on a semi-commercial 
basis at the Bureau of Engraving and Printing. 

The net result is that the life of paper currency now printed 
excels all previously produced and the plates cost much less. 
Three-quarters of all paper currency is now printed from chro- 


mium-plated electrotypes. Similar plates are being used for 
printing Government securities and postage stamps. 

Two interesting points may be added. First, electrolytic 
plates have deeper and more sharply defined lines than the master 
plates themselves since the edges of each engraved channel 
naturally take thicker deposits than the bottom of the channel. 
The second point is that the chromium film when worn may be 
removed from the plate electrolytically by simply reversing the 
current in a suitable bath. The plates can then be recoated with 
chromium and the process repeated until the steel or nickel under 
the chromium wears away. 

Paper making is an industry still in the making. The proper- 
ties of paper are responsive to pulp treatment and process details. 
It is the task of the paper experts of the bureau to find out how to 
enhance any desirable characteristic of paper. Desired results 
are now sought and found by research as deliberately and as suc- 
cessfully as we plan and build a house. A chief factor in this 
success is the bureau’s unique facilities for research, including a 
complete experimental paper mill in which every detail of the 
paper-making process may be conducted under measured control. 

Increased life was added to our national currency paper by 
improved processing of the pulp in a research by the Bureau of 
Standards in cooperation with the Bureau of Efficiency and the 
Bureau of Engraving and Printing. It is known that with the 
same mix, different paper makers will produce papers of different 
quality. Empirical process is responsible for such diversity. 
Accident, rather than intent, however, may produce an occasional 
very low quality with an equally rare run of superlative quality. 
Therein experimental research and mill experience differ. In the 
mill a high quality may be attained without the possibility of its 
being regularly reproduced. 

If a chance success cannot be reproduced, it is lost to the world 
and rediscovered only by chance. The musician’s chance 
harmony, “the lost chord,’”’ could not be recalled. In research 
however, success is reproducible, since it is recognized good prac- 
tice to record the measured conditions of each experiment. These 
make success reproducible. Science aims to have no “lost 
chords.”’ An unexpectedly high quality is made permanent by 
reproducing it under the measured conditions which first pro- 
duced it. 

Durability is a prized merit in national paper currency. 
Longer life of the paper saves not only paper stock, but also 
the repeated labor required to protect, handle, print, and au- 
thenticate paper money—all costly. This made the research for 
added durability both attractive and promising. Folding bills 
for the purse or pulling them in handling calls for folding strength 
and tensile strength, respectively. By a planned technique 
these two basic properties were greatly enhanced. 

The specification for currency paper calls for folding endurance 
of 3009 double folds. The bureau produced experimental paper 
for our currency with a folding endurance averaging over 5000 
double folds and some specimens having a folding endurance of 
80090 double folds. 

The new technique for improving currency paper was based 
upon expert knowledge of the effects of beating upon the paper 
fibers. To brush the fibers clean—‘‘teasing them out’’—as the 
paper maker puts it, produces fibrillas at both ends and sides of 
the individual fibers. Beating them also crinkles the fibers. 
Both effects combined govern the felting or weaving quality which 
makes the paper strong. With these facts in mind the beater 
rolls were adjusted to slow beating, loosening the fibers gently 
without cutting them. A study of former currency paper dis- 
closed unsuitable beater action which cut the fibers too short, 
making the paper brittle. 

The distance of the beater roll from the bedplate was varied 
according to a definite schedule controlled by a time meter. The 
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rolls were lowered slightly by steps until the fibers were completely 
brushed. Various mixes were tried. The winning composition 
was a 75-to-25 linen-cotton mixture, selected as best to use for 
paper currency on the basis of experimental results. 

An important aim in the research was to secure a printing sur- 
face soft enough yet firm enough to absorb the ink without fiber 
“pick-up” on the plates. This was accomplished. Another 
point brought out in this research is becoming better known to 
research men—namely, that quality is often dependent more upon 
the physical structure than upon composition. For example, 
the strength of a paper depends most upon how well the fibers 
cling together; hence the importance of beating control to pro- 
duce ideal crinkle and fibrillas. Incidentally, when this basis 
was developed the first run in the bureau’s experimental mill was 
almost as good as the best produced since. 

In translating the bureau’s technique to the paper mills, it 
was found that it would produce commercially and uniformly the 
same high quality of paper, and no other technique has been found 
which will duplicate this quality. It is notable that this doub- 
ling the durability of currency paper did not increase its cost. 

The theme of this conference—‘‘the need for research’’—is 
obvious in its insistence. As one item of such research, may I 
refer personally to the legibility factor. Legibility is the one 
and only absolute essential of all printing. If it fails in this re- 
spect, its failure is complete. It is not enough that a printed 
page can, with effort, be deciphered. Our task is to provide maxi- 
mum legibility as experimentally determinable from scientific 
and service tests. Despite well-known experiments, the problem 
is far from solved. We must determine experimentally the speed, 
accuracy, and ease (as judged by fatigue) with which various 
type faces and type sizes can be read, not overlooking the paper 
as the background of all printing and an essential factor in de- 
termining legibility. 

Here is a worthy enterprise on the basic problem of all printing, 
by far the most important element of printing style, hitherto al- 
lowed to drift to deplorable extremes, where the proofreader must 
read with a lens and the reader is taxed beyond endurance to 
read the small type with which we have no right to tax even the 
most keen-eyed reader. Let us not, as too often done, match 
wits in defending this or that face or size of type, but submit to 
the ultimate court of appeal, the readers’ eyes, and measure the 
speed, accuracy, and ease with which each size or face can be read. 

We do not yet know what type is the most legible, and yet the 
answer to that question would interest every printer, publisher, 
editor, and reader in the world. One answer is that the most 
legible type probably has not yet been designed. With ex- 
periments such as those proposed we would have the line 
of progress marked out for perfecting a most legible face. Iam 
sure type designers would themselves cordially welcome the 
scientific determination of the direction in which their efforts 
should tend. 

To draw a parallel from motor-car design, the user’s satisfac- 
tion guides the designer as an incentive. The designer’s success 
is the fullest satisfaction of the user, often excelling what the user 
himself may demand. This satisfaction is proved not on smooth 
highways but on rough roads, steep grades, sharp turns, as built 
in the proving grounds. So, too, it is not expert readers, keen- 
sighted, with leisure to spare, but the hurried minds, the tired 
readers, with eyesight a bit dimmed by the years, whose needs— 
however extreme—must be met by the ideal printed page. It is 
precisely the latter readers who as experts in science and ad- 
ministration are guiding organized enterprise today. For them, 
chiefly, our printed messages are designed and broadcast. The 
effectiveness to the reader measures our success as editors, crafts- 
men, and administrators. 

May I add several conclusions which might develop some 


general principles. Gains are often out of all proportion to their 
cost. The currency paper research now saves a million dollars 
a year or more. Again, research results find applications far 
beyond the field for which first undertaken. The currency paper 
technique is applicable to fine bond and high-grade ledger paper, 
and is already being produced by the industry, using the Bureau 
of Standards technique. The chromium plating developed pri- 
marily for printing plates for printing our paper currency is 
already in almost nation-wide use for tools, bright metal parts, 
and most unexpected uses in many industries, often prolonging 
the life of such tools fourfold. 

Again, the printer requires an almost endless variety of paper, 
each calling for a measurably best texture, finish, and other prop- 
erties adapting it ideally for its intended use. Such measur- 
able characteristics which determine the specific quality are 
ascertainable through measurement. As a basis for improving 
such papers it must be possible to analyze and measure the con- 
stituent properties which fix the ideal quality. This the Bureau 
of Standards aims to develop. Offset papers are susceptible to 
great specific improvement, and it is understood that the quality 
of the paper is the present obstacle to greater speeds. 

The ideal printing research brings together the scientific labora- 
tory man, the practical engineer, and the facilities of industry for 
full-scale service tests. If we apply science in the research, con- 
tinuous ever-accelerating progress is possible. Every ounce of 
material, every machine part or tool, every motion or reaction in 
a@ process is amenable to improvement by research. Research, 
therefore, should leave no sector uncovered. If all branches of 
science are mobilized in such a comprehensive program of re- 
search, the printing industry may hope for results comparable in 
enterprise with recent achievements in radio, aviation, motion 
pictures, and television. 

As production passes over to the automatic power-driven ma- 
chine, brain power is increasingly being transmuted into more 
perfect planning and design of materials, devices, processes, prod- 
uct. Here the chief essential is research and the accurate specific 
data and facts which research discloses. 

While personal opinion is being replaced by the facts experi- 
mentally determined, the vision of the individual creates countless 
new enterprises for research. Have we in the printing industry 
the type of vision which visualized aviation, radio, television? 
I am sure we have. This International Conference is evidence 
that we have. Let us keep alive the inspired vision, visualize 
the impossible ideal, then bring it to pass. 


Discussion 


D. C. Moore.?* Mr. Hubbard spoke of using phenol in copper 
plating. I would like to enquire whether the results of that work 
have been published. 

Mr. Hussparp. A summary has already been published in the 
report of the convention of the International Association of 
Electrotypers held in Cincinnati, Ohio, in September, 1929. 
Any one who is immediately interested can probably obtain a 
copy from the secretary of that association. A more detailed 
report will be published later by the bureau. It will be available 
to any one here who will write in to the bureau. 

Those interested in the currency paper research may purchase 
an account of the latest experiments, described in Bureau of 
Standards Research Paper No. 121 (price 15 cents), by addressing 
the Superintendent of Documents, Washington, D. C. 

On the subject of legibility, see the author’s article, “The Ideal 
Printed Page,”’ in The Inland Printer for February, 1922, page 
476. 


23 Dayton, Ohio. 
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How the Engineer Would Approach the 
Problem 
By L. W. WALLACE,** WASHINGTON, D. C. 


The engineering approach is keyed to thoroughness. All factors 
of information are first assembled. The results being achieved 
through research are changing the trend of civilization itself. The 
industry which fails to adopt fundamental research is doomed. 


r I NHE NEED for research in the printiag industry is the cen- 
tral theme of this conference. That we may have clearness 
of understanding, a definition of research and a suggestion 

as to its field of application are advisable. 

The word “research” means a careful inquiry or investigation— 
an effort to find new information in any line of activity by experi- 
meat or by thorough investigation of sources; a diligent investiga- 
tion to discover facts. The methods of research may be applied 
to the solution of any problem in any realm of human activity. 

Research does not imply that one is restricted to the use of 
scientific instruments, to chemicals or materials, or to the proc- 
esses of fabrication. A diligent investigation may be, and fre- 
quently is, made of commonplace things and activities. One 
may make a very thorough and illuminating research of the art of 
shaving, of dressing, of the utilization of time. 

In a large degree research is an attitude of mind; that attitude 
which prompts one to be eternally asking the question, ““‘Why?’’— 
which does not permit one to close his mind; which causes one to 
inquire as to what people are doing in other lines of work and 
adapting the adaptable to his own work; which warns against 
the folly of a condition of status quo; which guards against 
self-satisfaction and the human instinct to enfold one’s self in 
a shell; which stimulates cooperation and free exchange of ex- 
periences and information; which produces the realization that 
nothing is static, that change is the universal law of the universe, 
and that he who would win must be constantly changing his 
modus operandi. 

It is in the light of the foregoing definition of research and the 
attitude of mind it connotes that this discussion will proceed. 

Essentially the method of the engineer, like that of all men of 
scientific training, is to apply the principles of analysis and syn- 
thesis to the solution of any problem. Through the process of 
analysis there are determined the factors involved and the re- 
lationship existing between these factors. It is an important 
process which can be equally well applied to a complex as to a 
simple case. It can be applied to a single operation, a specific 
plant, a group of plants, or to any number of related industries 
with equal facility. The effort required will depend upon the 
area to be covered and the content of that area. 

When an analysis is completed, the several factors involved 
and their respective relationships stand out in bold relief. This 
relief map, so to speak, fairly definitely discloses what objectives 
should be formulated. It shows where the peaks and valleys 
are and therefore at which points grading and filling are neces- 
sary. It also brings to light the dead-end streets and the avenues 
requiring more illumination. 

The trouble with most people is that they are too impatient or 
too indolent, or both, to make the necessary analysis. Before 
obtaining sufficient knowledge of the factors involved and their re- 
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spective relationships, they formulate objectives and lay down a 
course of procedure. The result is that in a large measure the 
objectives are created from the figments of the imagination. 
This being the case, it is not surprising that many efforts prove 
to be disappointing. 

I was greatly impressed with that portion of the biography of 
Thomas A. Edison which describes his method of work. In 
substance, it is this: When it occurs to him to develop some de- 
vice or solve some problem, he has a thorough search made of 
all possible sources of information. This search is exhaustive; 
nothing is overlooked, however remote it may appear to be or 
however far one may have to go to obtain the necessary informa- 
tion. Through this process Mr. Edison has been able to make his 
notable contributions to the well-being of mankind. As with 
Mr. Edison so it is with all competent men; they first determine 
the facts, and knowing the facts, the next step appears in rather 
clear outline. 

Analysis is a dismantling process. Synthesis, the second step 
in solving a problem, is an assembling process. In carrying out 
this process the factors involved are brought together in such a 
new relationship as to accomplish the objectives desired. It is 
not a difficult process provided the analysis has been made with 
sufficient scope and thoroughness. 

If I were required to consider the need for research in the print- 
ing industry, I would first make an analysis to determine the 
conditions in the several branches thereof and the bearing these 
conditions have upon each unit and upon the industry as a whole. 
I would not feel that I knew whether any research was needed 
until a thorough analysis had been made. I certainly would not 
presume to indicate what lines of research should be undertaken, 
or how, until a thorough study had beea made. 

No small amount of time, effort, and money has been wasted 
by individual plants, by entire industries, and by groups of in- 
dustries because they have launched research programs without 
full knowledge and therefore without clear-cut objectives based 
upon fact. At the moment research is a popular thing, and well 
it is, but I am fearful that some people are being swept along by 
the tide, and hence, without full knowledge, are engaging in 
hastily conceived programs of research the results of which cannot 
be other than disappointing. Should I presume to sound a word 
of warning to those attending this conference, it would be, do not 
project a program of research for your industry until a thorough 
analysis has been made. It may be you have made such an 
analysis, but even if you have a word of caution is not amiss. 

One is safe in assuming that your industry does need an en- 
larged research program. This is a safe assumption concern- 
ing any industry, for nothing is static and the universal law of 
the universe is change. Merely to keep informed as to the 
changes taking place, and their trends, requires an ever-enlarging 
program of research. However, I am confident your industry 
does need more research because of some studies I have been 
associated with. To mention some of the conditions brought 
to the surface: 

A prominent paper and pulp manufacturer had this to say: 

1 We waste enough each year in the paper and pulp industry 
to run a 200-ton mill full capacity for many years. 

2 In many mills you will see stock going into the rivers; you 
will see waste of power, waste of steam, waste of coal, waste of 
everything, but particularly waste of labor. 

3 Some mills show as high as 15 per cent of the paper going 
back to the beaters as broke. 

In the report, ‘Waste in Industry,”’ among the sources of waste 
found in the printing industry was the lack of standardization of 
machinery and equipment leading to overequipment of the in- 
dustry, and the lack of production standards and methods of 
measuring production. 


“a? 
» 
3 


PRINTING INDUSTRIES 


The report, “Safety and Production,” brought out the following 
facts: 

1 A comparison of the increase in production rates from 1922 
to 1925, for 27 industrial groups, showed that paper and pulp 
and paper products ranked fourteenth, with an increase in the 
rate of production of 17.1 per cent. Iron and steel ranked first, 
with an increase of 46.1 per cent. 

2 A comparison of the decrease in accident frequency rates 
from 1922 to 1925 for 23 industrial groups showed that paper, 
pulp, and paper products ranked fourteenth, with a decrease in 
the frequency rate of 17.2 per cent. Wire and wire products 
ranked first, with a decrease of 89.4 per cent. 

3 A comparison of the decrease in accident severity rates from 
1922 to 1925 for 22 industrial groups showed that the paper, pulp, 
and paper products ranked sixteeath, with a decrease in the se- 
verity rate of 30.2 per cent. Wire and wire products ranked 
first with a decrease of 92.4 per cent. 

The man of an inquiring mind, having the mental attitude of 
research, asks: “Why do these conditions prevail? Why is 
there so much waste in my industry and how can it be eliminated? 
Why does my industry rank so low as regards the rate of increase 
of production and decrease in accident frequency and severity 
rates? How have the other industries reduced waste, increased 
production rates, and reduced accident rates?” 

The probable answer to these questions is that the industries 
outranking the printing industry in these matters have applied 
the principles of analysis and synthesis to a greater degree. Per- 
haps they have engaged in a larger program ot intelligent research. 
A glimpse of what is taking place may be helpful and stimulating. 

The sawdust pile has been a landscape eyesore for untold 
generations. As a result of research it is destined to disappear 
through a process that will give to the printing industry an ad- 
ditional supply of paper. In celebrating the disappearance of 
the refuse burner, the Great Southern Lumber Company had a 
bronze plate placed on a discarded burner which bore this in- 
scription: 

REFUSE BURNER 
Born, October 1, 1908 
Died, July 4, 1924 

Every day during my life of sixteen years I consumed 
daily 560 cords of waste material, or a total of 2,688,000 
cords. 

I cost $25,000, but my fire has destroyed $1,344,000 worth 
of what was formerly considered waste. The complete 
utilization of the sawmill refuse in the manufacture of 
paper has my fire forever extinguished. 


No one has been able to compute the loss due to rust. That 
is a very large item, no one doubts. It now appears that the 
rustless age is on the eve of arrival. Alloys of chromium and 
iron are the means. This so-called rustless iron is to be used in 
the construction of the sixty-eight story Chrysler Building in 
New York. It is being widely used in the synthetic nitric-acid 
industry. The acid does not affect the metal. 

Colors are now scientifically matched by means of an automatic 
recording spectro-photometer. It not only measures color ac- 
curately, but it makes a record by which it is possible to match 
that particular shade or tint at any time, thus eliminating all 
possibility of a standard color fading. 

Paper is being made from a waste farm product—cornstalks. 
Experimental plants are endeavoring to make paper and other 
useful products from cottonseed and from peanut hulls. 

An alcohol without a kick has been produced as an incident in 
the development of a new chemical industry. 

The engineers of the General Electric Company have recently 
developed a new high-frequency radio tube which produces such 
results as the following: An incandescent lamp, pulled from its 


carton for the first time, lights to full brilliancy without wires or 
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socket. A copper bar lying on the floor burns the hand that picks 
it up, although the bar is cold. A Neon tube suddenly floods the 
room with a lurid red glow when touched by a spectator. 

The speed of the human voice transmitted over the most highly 
developed telephone system travels 18 million times faster than 
it does through the air, through space. If a man standing on the 
Washington Monument, in Washington, could talk to a man on 
the tower of Westminster Abbey, London, it would require ten 
hours for the sound of his voice to reach the man in London. It 
would require twenty hours for them to exchange the greeting, 
“Hello.” By talking into the receiver of a telephone in an or- 
dinary voice he would be heard in London in five-hundredths of 
a second. 

Such are the results being realized through research. They 
are changing the trend of civilization itself. He is indeed an 
unwise man who disregards the values of research. The in- 
dustry which fails to adopt fundamental research as one of its 
basic tools is doomed. 


Discussion 


Orto W. FuurmMann.® What is the name of the inventor of 
that spectro-photometer and is it manufactured commercially? 

Mr. Watiace. You can get information with reference to 
that by writing to the General Electric Company, Schenectady, 
New York. It was developed in its initial stages by Professor 
Hardy at the Massachusetts Institute of Technology. 


Research Problems in the Newspaper Printing 
Field 


By JOHN W. PARK,?¢ CHICAGO, ILL. 


Real engineering knowledge is required in dealing with the prob- 
lems of a modern high-speed newspaper printing plant. Economical 
factory production is planned for, the basic problems being those at 
the root of the success of any large manufacturing operation. In 
building a new plant or in extending an old one, a wooden model is 
made to scale, and every detail of the routing of production is carefully 
considered. 


standpoint of the most economical factory production. 
The basic problems are the same as those at the root of 
the success of any large manufacturing plant. These are the 
problems of general plant layout or manufacturing plan. This 
incorporates each department layout and the relation of the 
departments to each other, the selection of proper equipment, and 
the means of conveying paper and other materials into the 
building, through the manufacturing process, and out of the 
building. Each department and the relation of the whole must 
be so designed as to allow for expansion or changes which might 
occur through process or machinery development. It is in 
dealing with these problems that real engineering knowledge and 
extraordinary foresight are required. 
Then, there are the problems which are identified only with 
newspapers. These are the ones faced each day when an edition 
is sent to press. Such problems include the struggle against dead 


‘i well-planned modern newspaper plant is built from the 
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lines, net production, running quality of paper, ink, press 
blankets, and appearance of printing. 

In addition there is what could be termed a third class of prob- 
lems which deal with research into matters beyond those com- 
monly thought of as just newspaper printing. This refers to such 
subjects as specially printed sections, rotogravure, color printing, 
new processes, and color photography. 

Let us consider the basic problems by describing what is 
generally regarded a well-planned newspaper manufacturing 
plant, rather than naming independent problems. I am there- 
fore going to ask your indulgence while I describe the plant of 
The Chicago Tribune, with special emphasis on the original plan- 
ning, the pressroom, and the paper handling. I feel no embar- 
rassment in holding up this manufacturing plant as an example, 
as The Tribune was the first to install the modern type of press- 
room, and I am sure that it has an exceptionally economical 
method of handling roll paper. The conception of the plant lay- 
out, its location, and some of the other developments that will be 
mentioned were originated before the author’s connection with 
the paper, and therefore, he feels free to speak of them imperson- 
ally. 

Several elements determined the site of the present plant. 
It had to be close to the main business district, fairly accessible 
to the railroad stations, and placed along a railroad siding. The 
publisher also wanted to be sure of one long dimension of the 
property, so that his conception of a modern pressroom could be 
fully carried out. The idea of the present unit-type press, 
beyond a length of 10 or 12 units, was conceived by the present 
publisher of The Chicago Tribune. The pressroom is a full block 
in length, a little over 300 feet. The room is so laid out that 
nothing prevents each line of press units from extending the full 
length of the pressroom. There are 30 units in the present line, 
and with a new design of press, there will be 32 units in line, with 
10 attached right-angle units, making what might be called a 42- 
unit press. The press is so constructed that full capacity of the 
pressroom can be used on all size runs up to eight units to a 
delivery. 

The advantage of this kind of a press over the old-style isolated 
type, of a small number of units, is now quite apparent to most 
newspaper publishers and mechanical superintendents, and this 
system has become more or less general among the newer metro- 
politan newspaper plants. However, in most cases full ad- 
vantage of this idea has not been made use of because they do not 
extend the unit-type press the full length of the longest axis of the 
property, but cut it up into shorter, separate lines of units. This 
is because most newspaper publishers are satisfied to split arbi- 
trarily the sections of a large paper to make the easiest run on 
the presses. By this system, presses of a small number of units 
are used. By fixing a definite limit on the number of units to be 
run together into one delivery, not as much flexibility is needed. 
In this case the presses are operated with from two to eight double 
printing units feeding into one delivery. It is believed that the 
mechanical departments should not dictate the make-up of the 
paper except where it is absolutely impossible to avoid it. The 
Chicago Tribune is probably the only daily paper printed in three 
sections. The fact that we are able to utilize practically all the 
units in the pressroom on each run, sometimes printing Sunday 
parts along with smaller daily runs, means that a great saving has 
been made in the investment in pressroom equipment. This also 
leaves us in a position, at any time, to take advantage of new 
developments in presses, such as the 60,000-papers-per-hour 
speed presses which are now being manufactured. 

Many thousands of dollars a year are saved through the 
efficient method by which roll paper is received and delivered to 
The Tribune presses. There is a railroad siding on each side of 
the plant. Paper is removed from the cars by hand trucks and 


delivered to patented truck-tilting and roll-dumping devices 
which send the rolls down chutes by gravity to roller conveyors 
in the reelroom. Each roll of paper can be stopped at any loca- 
tion desired and rolled off to its temporary resting place. It is 
stored on its side, two-high, so that the paper can be rolled from 
the other end of the storage tier to small dollies on narrow-gage 
tracks which lead to the reels under the presses. As the rolls of 
paper are by far the heaviest commodity handled, it is very im- 
portant to use gravity to get the paper to its temporary storage 
space in the reelroom. When it is realized that The Chicago 
Tribune uses an average of 15 railroad cars of paper per day, or 
about 150,000 tons per year, one can appreciate what it means to 
save several dollars per ton by improved transportation and 
handling methods. In addition to this, easy handling methods 
mean less white paper damaged. 

The paper, after being printed, is delivered by means of con- 
veyors from each press delivery in a serpentine stream, up through 
the ceiling into the mailing room. With as little handling about 
the room as possible, papers are then wrapped and dispatched on 
conveyors which take the bundles to chutes leading to the de- 
livery trucks. Again, it will be noticed that gravity is used 
wherever possible to handle the heavy bundles. It is possible to 
do this because of the proper relation of departments to each 
other and to the intake and delivery platforms. 

At this point there should be emphasized the importance of the 
method used to study the manufacturing plant layout when 
contemplating building an up-to-date, efficient newspaper fac- 
tory. Whenever The Tribune builds a new plant or extends the 
old ones, a model in wood is made of the building, and all of the 
machinery, materials, and conveyors are put in to accurate 
scale. The movement of materials through the departments is 
studied very carefully by every one concerned before decision on 
final plans is made. The practice is to consider manufacturing 
paramount and the building secondary. In other words, the 
building is built around the mechanical equipment. For ex- 
ample, if a mistake is made at this stage which later necessitates 
the rehandling of every roll of paper or of every stereotype plate, 
it can readily be seen that the cost of such a mistake would be 
multiplied many times. It is evident that there is a necessity for 
a good engineer to be associated with every newspaper of any size. 
If he is alert to all the major problems, he can save his employer 
many times his salary every year. 

Now, let us consider the design of major newspaper equipment. 
Too often it is not designed from the user’s standpoint or with full 
benefit of the customer’s knowledge of requirements. Equip- 
ment-manufacturing companies really should make layouts and 
do the engineering, but in several instances their lack of practical 
understanding of the advancement made in some types of print- 
ing has led The Tribune to have the machinery designed by 
its own engineers. 

Time will not permit going into detail on many of the daily 
problems, but the author would like to pass quickly in review, 
with a comment here and there, a list of problems in each of the 
mechanical departments. 

In the composing room the layout and system is the most im- 
portant, as it is in this room that the time lost by the advertising 
department in getting the copy in and by the news department 
because of late stories must be made up regardless of what time 
the composing room receives its material. Regardless of all 
obstacles, they must always meet the deadline to the stereotype 
department. 

In both the composing room and the stereotype department one 
has to constantly watch the metal formulas, both by performance 
and periodical tests. 

The development of the automatic linotype, operated by a 
tape, is something that will bear watching. 
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Several changes have been made in the stereotype department 
in recent years which are worthy of note. One is the displace- 
ment of the wet, or laminated, mat by the dry mat. It is the 
opinion of a number of newspaper men that dry mats are still in 
their early development stage and should be considerably im- 
proved. In most newspaper plants electric heat has taken the 
place of gas, oil, or whatever kind of heat formerly was used. 
This maintains a more uniform condition of metal, besides im- 
proving working conditions. The time element is a big factor 
between the composing room close and the pressroom start. 
This condition has recently been improved by much faster plate- 
casting machines. 

In the engraving room the proper system is essential for time 
saving and economy. At the present time valuable etching- 
machine and camera improvements are being made. Then, 
there is the all-important problem of the method in which to 
procure the quality of cut which will give the best printing results. 
We are constantly experimenting with coatings, screens, depth 
of cut, contrast, methods to bring out the detail, etc. 

I have already said considerable in regard to the pressroom 
layout and the choice of equipment. The greatest development 
at this time, of course, is the faster speed presses, some types of 
which are already in operation in a few newspaper plants. 

A new method of press drive has just been tried out successfully 
by The Chicago Tribune. 

Current problems in the pressroom which have not been solved 
satisfactorily yet are proper and economical lubrication of presses, 
best impression blankets, and the most suitable material for press 
rollers. Another problem on which some experimenting has been 
done is the effect of moisture or high relative humidity on the 
running and printing qualities of the paper. The press-folder 
design is a very urgent question to both manufacturers and to 
newspapers alike, due to the modern tendency to large papers. 
Dovetailed with all these problems is. the constant striving to 
better net press production and to improve the quality of printing. 

So many elements can affect the appearance of the printed 
paper that recently the author ran 208 different experiments to 
determine the best press combination of paper, ink, blankets, 
rollers, plates, impression, and speed. 

The design of The Chicago Tribune relief color press, used to 
print comics, was suggested by our own engineers. It is now in 
operation and is proving to be one of the most economical and 
fastest web color presses in the world today. It is the only color 
press, except. The Tribune's color rotogravure presses, where paper 
is fed from the paper-storage floor below. The paper lead 
through the press is short, which results in a saving of paper. 
One economy made by a number of newspapers on this class of 
press is the substitution of thin stereotype plates for electrotype 
plates. In addition to this, the use of chromium plating for some 
types of printing plates may be an important development. 

The proper system of maintenance is very important in a 
newspaper manufacturing plant, because we cannot afford to lose 
any time during any of our runs. The study of power consump- 
tion will usually be enlightening to a mechanical superintendent 
of a newspaper. We have found a way to effect savings in several 
instances. One problem, which is not confined to newspaper 
plants, is as to when it is better to buy electric current and when 
better to manufacture it. Many plants do not know if they are 
getting their current the cheapest way possible. We have 
worked out the factors to this problem to our own satisfac- 
tion. 

In the mailing room the most important problem is the speedy 
and economical handling and dispatch of newspapers. A few 
years back we installed the first stuffing machine ever used, for 
inserting Sunday parts, and added to that a sufficient number of 
machines to take care of our needs. However, I still feel that a 


much speedier stuffing machine should be developed. Also, the 
advisability of the use of the wire bundle-tying machine, as an 
economical factor in the mailing room, will bear research. 

Problems in the production department, mechanical super- 
intendent’s office, or engineer’s office, whichever it is called, can 
be summarized more or less by the one word ‘“‘control.’”’ The 
engineer must know the facts in order to act wisely. Too often 
matters develop by taking the easiest and seemingly most natural 
course. A man in this position must be open-minded. Many 
ideas are presented to him, and he should give them all the benefit 
of the doubt. Wherever judgment would indicate there might 
be some merit, we usually endeavor to try out the idea. A good 
frame of mind in which to approach all problems is, “‘Can it be 
done better or can it be done differently, and if so, is there any- 
thing to be gained?” 

In order to have the facts before you, keep adequate production 
and cost charts. We use recording devices wherever possible to 
be sure of our information. We also maintain a paper-testing 
and information department. 

Newspapers, as a whole, are awake to the need of improvement 
in the general manufacturing processes. This is evidenced by the 
fact that several years ago the American Newspaper Publishers 
Association appointed a committee from representative news- 
papers and employed a manager for the mechanical department 
of the A.N.P.A. in order that the newspapers might collectively 
study the mechanical problems confronting them. One of its 
main subjects for study is the standardization of equipment. 
The Government Printing Office, cooperating with this depart- 
ment, has made a number of analyses and reports on linotype 
and stereotype metal, and also on newsprint paper. Through 
this same department contact was made with the American 
Association of Advertising Agencies in an endeavor to improve 
the appearance of advertisements in the newspapers. News- 
papers were enlightened as to the wants of the advertisers, and the 
advertisers and agencies were shown the kind of copy, electro- 
types, and mats that would reproduce the best. For the last 
three years conventions have been held and attended by the 
mechanical superintendents and mechanical department heads 
from newspapers throughout the United States and Canada. 
At these meetings all problems are discussed freely, with the re- 
sult that solutions are usually brought to light. 

At the beginning there was mentioned a third class of problems 
often having to do with specially printed sections or new proc- 
esses. One of the real problems is to be able to print high-class 
color reproductions in newspapers. Here again The Tribune has 
been a pioneer It developed color rotogravure in America 
about ten years ago. There were no suitable presses to carry out 
the idea, and so the paper’s engineers designed a small, single- 
width experimental press. The results looked promising, where- 
upon these same men designed a large commercial-type press 
which was manufactured for the paper. This press has 28 
double-width rotogravure units in one line, and has the flexibility 
of the unit-type news press. 

Still we went along for years, more or less in a hit-or-miss 
fashion, until the whole problem was approached on an engineer- 
ing and common-sense basis. No one else with any color process 
had ever succeeded without knowing what they had in the plates 
before they went to press. About four years ago we decided to 
make it foolproof and to do whatever was necessary to have 
absolute control of the process. We must know exactly what we 
are going to get when we go to press. This was done, but we 
found that we could make further improvements if we made our 
own rotogravure ink. The costs of inks were too high; the shades 
did not suit us; we needed hourly service; and the wearing pro- 
pensities of the ink were too great for the 1,250,000 copies which 
we had to run off. Because The Tribune had ability within its 
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organization, it was able to solve these problems. It is now mak- 
ing its own rotogravure ink very successfully. 

The faith of the publisher in going along with the engineering 
ability of his men showed foresight in the development of color 
rotogravure. This process is now paying dividends without press 
improvements or added cost. Thus, we are able to keep ahead 
of the increased demand in the volume of rotogravure and color 
advertising. I have here several copies of a 34-page rotogravure 
section of the issue of October, 13, 1929, containing seven four- 
color pages, six of which are advertisements, which I will leave 
here for your inspection. 

It is expected that other processes for printing color in news- 
papers will be developed which might be easier for general adapta- 
tion. This is a research problem worthy of considerable study. 

In considering all of the various problems, let us not be un- 
mindful of one of our greatest obligations, which is to constantly 
improve newspaper printing both on black and white news pages 
and by means of new processes and color. 


Discussion 


Cuar.es H. Cocurane.” I want to ask Mr. Park if it is his 
experience with the modern high-speed presses that they have had 
any difficulty with ink flying off, tending to form a slight mist that 
dirtied everything around and got into the throats and noses of 
the employees. 

Mr. Park. On one of the 60,000 speed presses, running 55,000 
an hour, there is quite an ink mist, but that has been somewhat 
corrected by the method of ink feeding, and is much less than it 
used to be, but you cannot expect to have a press running at that 
speed without throwing off more ink than the ordinary speed 
press. I think you are bound to have more ink flying into the air 
from a high-speed press than you would in a slower speed one. 


Cuar.es F. Hart.*8 The question of ink flying off newspaper 
printing presses goes back to the early days of my newspaper 
work. That was slow press equipment; those presses never ran 
over 17,000 or 18,000. It is obvious that if those conditions ex- 
isted on the slow running presses, when you get up into a speed of 
50,000 or 55,000 you are going to have a mist of ink. 

There has been no appreciable increase in our ink consumption 
per thousand pages of paper; there has been considerable in- 
crease in our paint bill, because to have a clean-looking pressroom 
we continually are painting. 

We have three types of presses, so far as speed is concerned, 
running in a room 300 feet long. In the middle of that room is 
this particularly fast-running press, and I have tried to find 
evidence that there was more ink thrown around that particular 
press than around the other presses, and there is no apparent 
increase. 

Going back over a period of sixteen years, every three years we 
whitewash and paint our pressroom. We have not found any 
occasion to repaint in shorter periods. We duo have and we 
naturally must have more ink mist on those high-speed presses; 
it is obvious that a press with a cylinder revolution of 425 or 450 
or with those rollers running at high speed is going to throw off 
ink. 

I might perhaps concede that there is a little more in the vicin- 
ity of the high-speed press, but there is nothing new about it; 
it was true thirty years ago on the slow-speed presses. 


Ranpo.ru T. Ope.” In the paper by Mr. Helmberger there 
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seemed to be an indication that offset printing was on the wane in 
Germany, and yet in the paper by Mr. Park he seemed to think 
that it was worth while trying at least to develop for that very 
difficult task in newspaper printing. I would like to ask whether 
he feels, as far as he has gone, that he can say anything like 
Mr. Helmberger’s report indicates? 

Mr. Park. I think Mr. Helmberger’s report shows that there 
are rotary offset presses in operation in Germany—I do not know 
how many, but I think about twenty-five. Our newspaper 
problem is different. We have to approach the problem from a 
quantity basis. In other words, our main problem is to get a 
plate that will last for a long run. 

They now have rotary offset presses which operate very satis- 
factorily. We have been experimenting for nine months with the 
rotary offset press or with an offset press which had been made 
into a rotary, and we are able to get very good printing. We are 
able to fold, to print one wet color after another and fold, which 
was one of the things we wanted to find out, and we got enough 
strength of color on our sheet, which was another thing we wanted 
to prove. 

There is only one thing left, and that is to get a plate that will 
last three, four, or five hundred thousand, and that we have not 
found. We are still experimenting with several plates, one Ger- 
man plate and one other plate, and I believe that it is going to be 
in the near future when we shall find an offset plate that will last 
for long runs. It is no trick to get the rotary offset press, and I 
believe it is going to be easier to handle than color rotogravure 
which we have. 


Eric H. Laars.® What is the speed of the printing press in 
question? 

Mr. Park. We are running about 3000, because through 
the courtesy of the Miehle Printing Press Company of Chicago we 
were able to take one of their two-color offset presses and convert 
it into a rotary press by angle-barring the sheet back in on the 
other side. We get the four colors that way. 

Mr. Ope. It has been our experience on lithographic offset 
presses that we get the best printing the greater the speed. 

Mr. Park. I believe you are right, but we have not had the 
press to prove out the speed. 


Wivrievp 8. Huson.*!. Mr. Park’s paper and the comments 
on it have raised precisely the points that a research foundation 
is for. 

Now I want you to follow me for a moment and see how men 
like Mr. Park are trying to solve problems. The way we get out 
a newspaper today is a rather tortuous process. We get the pic- 
tures; we run hot metal through the linotype machines to make 
the slugs; we lock them in a chase; we then pound a mat in, and 
send the mat down and put it into molds; more metal is heated, 
and the plates are cast. Some of those plates weigh 70 pounds 
each, and some of these presses take 328 plates; you can figure 
the tonnage. That is all hand-handled. 

You can see what there is in this thought of offset printing. 
See what a difference it would make if we could transfer all this 
on a thin sheet of metal, slip it on a cylinder, try out a sheet 
of paper, and tighten a screw or two, and away she goes. But 
the transfer on a plate is a delicate thing; it is hard to hold it 
there. The lithographers know the things that occur in transfers 
on zinc or aluminum, and in the old days on stone. 

Now the thought that comes is that with the wonderful demand 
for the news and the really prodigious size of some of our metro- 
politan papers, it seems as though we must be somehow on the 
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verge of some radical change that will give us the news, and will 
give it to us more quickly and better. We really do not know 
what speed is. Speaking of it from the printing-press side, for a 
long time we forgot when we built the letterpresses that as we 
increased the speed we followed the law that as the speed in- 
creased the velocity increased as the square, and I do not think 
we made provision for it. We are just beginning to realize it in 
our stiffer and stronger cylinders, and often we strengthened up 
on machines and put more iron in and aggravated the condi- 
tion rather than helped it, because we concentrated on the one 
point. 

Now as to the presses of the type that Mr. Hart has, we know 
the ink is taken from the fountain by a very accurate roller, but 
this roller is set very close to the fountain and the ink is taken off 
through a minute space between the press roller and the ink 
fountain. That ink is drawn by a sort of capillary attraction, 
and those rollers are running somewhere around 1000 feet a 
minute. Running at that high velocity there must be more or 
less fogging because of the resistance of the air to the film of ink 
that is on the roller. In experiments to try out the viscosity of 
oils they accelerate the rollers until they find the oil beginning to 
fly off. This ink fogging is another case for investigation and for 
research. 

Mr. Hart. I would subscribe to everything that has been 
said about offset printing for long-running and fast-running news- 
paper work except the theory upon which offset plates are 
founded. 

In 1915 to 1917 we experimented in trying to do a newspaper on 
offset presses; these presses were built for about 5000. We 
struggled along, and we never succeeded in getting over 25,000 
to 28,000 on a plate. The plate makers were called in over a 
period of 18 months, and we may have succeeded, but we had to 
give it up. 

There is no particular reason for wanting offset work. It will 
not give you the value you get from rotogravure. It lends itself 
to color printing. 

Some one ventured to note that a combination might be used— 
we could run three light offset presses, red, blue, and yellow, and 
follow up with a key plate of gravure. 

Strange as it might appear to many, the first picture postcards 
that came out were developed in Switzerland. They were a 
combination of three-color offset; they had the, indications of 
being a seven-color job. 

For sheet trade work the offset may do, but for newspaper work 
I cannot see the necessity. We have had the plates enameled, 
but they would not stand speed. At 3000 an hour they were 
fine, but at 5000 they were hopeless. 

Mr. Park. Offset of course would not take the place of roto- 
gravure, one color; it has not the depth of rotogravure. I am 
speaking of it for practical color printing. 

As to the reason for it, it is the competition with highly colored 
color printing in magazines, billboards, and in every place else 
that we are having color today. That is why we have got to 
have color. 

You say, Why do it in offset? Color rotogravure seems to 
be too difficult for general use—it is today, at least. We must 
have a fine screen to compete and to get good color reproduction, 
and you cannot get it on a rough newsprint at high speed; you 
have got to get it some other way, either by a combination of 
methods or by offset. That is the reason for trying it. Maybe 
it is not ready yet, but I still have faith that something can be 
done. 


Joun R. Rippety.*? To recount our experience, we find that a 
transfer plate in offset will stand a very much longer run than 


*? Principal, London School of Printing, London, England. 


that which is photographically done, because you have the design 
pressed into the grain of the plate where with a photographic 
plate you are printing from a thick film of albumen that breaks 
away, and speed again takes it away. 


Research Problems in the General Printing 
Field 


By GEORGE K. HEBB,** DETROIT, MICH. 


Printing employers welcome the day when engineers will ap- 
proach their problems by first acquainting themselves with the lan- 
guage of the industry, and then analyzing the industry from the 
mechanical side, by starting first at the shipping platform instead 
of in the front office. Printing being an industry of small units, 
the work should begin with the materials and the machines that 
the trade uses. 


procedure, or no principles of undoubted value; not 

having any intelligently planned results or experimental 
research; having come to no conclusions, economical or scientific, 
I cannot make a presentation of them on paper. 

The fact is, this is the first paper in ten years I have read 
from manuscript. I would much prefer to make some notes 
and talk to you extemporaneously. I shudder at the idea of 
talking to a group of engineers, because when I think of engineers, 
I think of (1) research, (2) surveys, (3) probing. And then 
some meetings in which everybody gets together once a week, 
and adjourns. 

The printing employers harken the day their engineering 
problems will be approached seriously and intelligently by a 
group of engineers who are willing to go into the printing business 
by first learning and acquainting themselves with the language 
that we speak before attempting to reorganize it. 

Individually, the employing printers of this country would 
like to have engineers seriously enter their industry and use it 
as a proving ground. But there has been so much indifferent 
work done in this field that some employing printers look on 
it as one like Chet Schaefer’s “Goldfish Proving Ground,” based 
on the theory of assurance to householders that the goldfish 
they put in their homes are moral and upright goldfish. 

From the most widely known American engineer to the least 
of you engineers, it has been claimed that the printing industry 
is grossly wasteful. Let us admit that it is. But what are we 
going to do about it? 

I challenge you to find a handful of engineers who have the 
courage to go into the printing industry and analyze it from the 
shipping platform into the front office instead of the front office 
to the door of the factory and stop at that door. I challenge 
you to start at the shipping room platform instead of the front 
office so that you will approach it from its mechanical side— 
if you please, from its engineering side. Let us let the marketing 
take care of itself for a while. 

I think you should know the language of the printing industry 
first. I think you should know something of the use of our 
materials—(1) type, (2) engravings, (3) electrotypes—and the 
types of machinery upon which we print, and know first where 
these materials are not scientifically handled at their original 


He no new facts, no definite idea of an engineer's 
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sources, and then you should give us variances so that we should 
know how far precision should go. Show us how to measure 
the materials that go into our production and how far we can 
go with variations from these set measurements. Mark you, 
not from a theoretical standpoint, but from a practical stand- 
point, because you have to realize that the units in this industry 
are small. Their production does not run into the millions 
and millions of dollars. 

Because of these small units the work you have done in the 
past has not been of great value to the entire industry because 
the printers did not have the knowledge to accept and use the 
work you had accomplished. 

On account of these small units, it seems more or less essential 
that your work, primarily, should be with the materials that 
we use and the machines that we use before they come into 
our hands. 

Many employing printers are mindful of the work that has 
been done along precision in the last five or six years in the print- 
ing industry—precision as to the machines and precision as to 
the materials. And yet among your own clan there are many 
printing machine engineers who have never studied the printing 
industry as a whole, but only as applied to the use of their own 
individual machines. You can blame their employers for that, 
which is the answer, but is not the method of solving the prob- 
lem. 

May I caution you—printing is not a commodity. It is not 
made in vast manufacturing plants except in rare instances, 
and very seldom is it manufactured and put on a shelf to be sold 
at a later date. As a rule it is made specifically for a given pur- 
pose, for a given man, and if it is not a satisfactory product 
to that given man, it is converted back into paper. 

After you have disposed of type, linotype, monotype, electro- 
types, and engravings, why not look at the paper situation, 
where some creditable work has been done. But with the ex- 
ception of one instance I do not recall where this information, 
generally, has been put in workable form so that the printer 
could use it. Paper to the thinking printer is a rather amusing 
subject; it used to be one that irritated him. But those printers 
who have a sense of humor left can smile at the paper industry. 

Several years ago, under the able supervision of Dr. Stratton 
at the Bureau of Standards, George Heintzemann, the son of 
a printer—and a fine printer, by the way—headed a committee 
on simplifying practices in the manufacture of printing papers. 
Part of their work was putting into use the decimal system— 
namely, a standard basis of weight for paper, 25 by 40, 1000 
square inches; not just for one kind of paper, but for all kinds; 
and I have yet to hear the voice raised of a single engineer con- 
nected in the allied graphic arts to say that he was for it and that 
he would go to the bat for it to see that this simple thing was 
accomplished. 

When the simplified practice as applied to paper was put 
into use in the industry, (1) some manufacturers said they wanted 
it, (2) some paper merchants said they didn’t want it; and then 
many of the printers did not know what it was all about. 

But because one group wanted it and the other group did 
not want it, I imagine the printer thought he might get into the 
controversy. Then the employing printer found out that some 
of those same manufacturers who said they wanted it, did not 
want it; and some of the merchants who did not want it, did 
want it; and then a few printers said they wanted it. 

Then neither the manufacturer nor the paper merchant 
wanted it. 

Later an inane substitute was put into effect in some places 
in the country. There was a lot of pussy-footing, lobbying, 
and fighting, and nothing was accomplished. Yet I wonder 
if you engineers knew what this committee wanted to do and 


what their problem was before they started ther work? And 
mark you, the committee finished all its work. It just remained 
for the manufacturers to put it into effect. 

Do you known anything about the basis of weights of paper? 
Do you know that (1) wrapping paper has one basis of weight, 
(2) that tissue paper has another, (3) bonds and writing another, 
(4) boxboard and cardboard another, (5) book paper another, 
(6) and cover papers still another? I think there must be about 
ten more, but my memory is faulty. 

The Bureau of Standards asked one simple thing—that the 
paper manufacturer get on the decimal system and have one 
basis of weight for all types of paper. Why did they not do it? 
It would have meant a loss to some paper manufacturers and a 
gain to others. 

The idea was not sold—the work was done and laid on the 
shelf. It would not have been hard to sell the manufacturer 
who made a gain on his tonnage, and I wonder if it would have 
been very hard to sell some who lost on tonnage, if some engi- 
neers had written a plan to show where this loss would have 
been a profit. 

The failure of the Bureau of Standards work is laid at the 
printer's door. Today, may I hand it back to the engineers 
of the paper manufacturers by telling you that it is your prob- 
lem because it is a manufacturing problem; that it is your prob- 
lem, as manufacturers, to get together, take the report of the 
Bureau of Standards, and have all the papers manufactured 
in the United States based upon one weight; and I ask you 
not to wait until the metric system is put in before you do it, 
which, by the way, is one of the objections of one manufacturer 
to the decimal system. 

Let us go back to the machinery end of the industry. What 
happens when a new machinery unit is made or when an im- 
provement is made? As far as I can find out, some salesmen— 
some of them with aptitude to engineering, but as a rule with 
just selling personality—promote the sale of a piece of ma- 
chinery with some printed matter and their personality. 

The machine composition manufacturer has done something 
with schools. In a rather meager way, some press manufac- 
turers have had schools. 

Let us take the offset industry, outside of building the press 
and saying it will print because it is based upon good engineer- 
ing principles. The manufacturers of this expensive machinery 
have left the manufacturing of the plate and the use of the plate 
up to the individual lithographers and printers to solve their 
problems. Surely, there is a Lithographic Foundation run by 
engineers. Surely, the manufacturers subscribed to it. But 
that happened long after the industry was going and the scientific 
improvement in the making of offset plates in the last ten years 
has not come from a group of press manufacturers or from a 
group of offset printers, but has come more or less from itinerant 
craftsmen sucked in from the photoengraving and allied in- 
dustries. 

Has there been any press manufacturer or any press engineer 
raise his voice to try to solve this problem? 

Do we, as employing printers, need the engineer? Yes. 

How can the engineer help the general printing industry? 

First, by seeing that the materials—(1) the paper, (2) the type, 
(3) the engravings, (4) the electrotypes—that the printer uses, 
whether he be a small printer or a large one, are of uniform 
thicknesses to precision with variance. 

Second, that certain standards be established for machinery 
manufacturers on sizes of presses and bindery equipment. 

Third, that there is no more need of the wild sizes of printing 
presses than there is for different widths of treads in automobiles 
I warrant you that there are needs of different lengths and whee!- 
bases of automobiles. 
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Fourth, that some kind of a foundation be set up as a proving 
ground for new equipment before the market is flooded with 
machines that within three years are obsolete. 

Fifth, that something be done to stimulate the interest of the 
engineers who are in the allied graphic arts to know one another 
better so that the entire needs of the industry be known instead 
of just the specific case of each one’s individual organization. 

Most of the engineers’ work that I have seen in the printing 
industry, except in the instances of two or three individuals as 
engineers in the printing industry, in the past has lacked the 
engineer's approach. 

You, as engineers, can criticize the employing printer for 
that, and yet if you look at the industry—know that it is made 
up of thousands of small units; that there are not over 120 
printing plants producing over a million dollars’ worth of business 
a year; that possibly there are 10,000 printing plants producing 
less than one hundred thousand dollars # year—you can under- 
stand why the printer, as an employer, except in rare instances, 
has shied clear of the engineer. 


Third Session, Friday 


Conference Has Thrown Some Bright Light 
on the Graphic Arts 
By WARREN C. BROWNE,* NEW YORK, N. Y. 
(Chairman of Third Session) 


ACCEPTED the invitation to attend this meeting because 
I I wanted to learn something. I have learned something 

that is going to help mea lot. I have been asked many times 
just what the meaning of the word “research’’ was. Mr. 
Wallace's address has defined the word so plainly that I have 
determined to commit that address to memory, and every time I 
am asked that question I will recite the answer. 

Whenever that question comes up, and the difference between 
“search” and “research’’ is cited, that time-honored old story 
comes up—the one about the little colored boy who asked his 
mammy for some “‘lasses’’ and was told to say ‘‘molasses,”’ and 
the boy responded by asking, ‘‘How can I say mo-lasses when I 
ain’t had none?” By the same token, how can you “research” 
before you have “‘searched?’”” Mr. Wallace’s address explains 
this so that even a lithographer can understand it. 

Research is comparatively new in lithography. The lithog- 
raphers have taken it up and endorsed it, and they want more of 
it. The engineers can do considerable for the lithographers, and 
they will be welcomed with open arms. For many years after 
Senefelder passed away, lithography was operated by the “rule of 
thumb” process, and some of the shadows still linger on the trade. 

In 1888 I resigned a position in a Pittsburgh newspaper office, 
as Mr. Hulse pointed out in his introduction. Two years later 
Mr. Hulse was given that job. When I resigned I didn’t think 
it was going to be possible to find any one capable of taking my 
place, but now I find that it only took them two years to find 
Mr. Hulse and hire him. I might mention in passing that, as 
I recall it, my reason for resigning was a certain remark made by 
a dumb business manager. He said, “‘We don’t want you around 
here any more.” And I got mad then and resigned. 

This meeting has thrown some bright, white light on the graphic 
arts, and there is more light promised. Strange as it may seem 
to those who know me best, I had rather listen than talk today, so 
I am going to turn the gavel over to Mr. Van Vechten and let 
him introduce the speakers. 


*4 Editor and Publisher, The National Lithographer. 


May I plead with you engineers to approach the general 
printing industry, first from the materials and machinery side, 
and then when you have made the start in that part of your 
work, that you go into the individual plant, not from the basis 
of its machinery, not with an idea of giving an answer, but with 
the idea of solving a problem of the printer? 

In my humble opinion you can do that best by learning the 
language of the printer, realizing that he is not handling a com- 
modity; that he is a manufacturer rendering a service for an 
individual client, who is the only one that can use that manu- 
factured product; that you, as engineers, not be so much inter- 
ested in a result; that you take out of your language a lot of 
hokum that some printers are used to hearing and make it sound 
attractive. 

If you do these things, and also the other things that you 
know how to do, you will bring this industry out of its “dodoes”’ 
and accelerate the economical movement of reducing the cost 
of printing, by not only increasing the volume of it, but making 
it a more economical means of manufacture. 


Morning, Nov. 8, 1929 


Outstanding Points That Invite Research in 
Lithographic and Offset Printing 
By GEORGE C. VAN VECHTEN,* ROCHESTER, N. Y. 
(Presiding Officer of Third Session) 


OME of the outstanding points in lithography and in offset 
S printing which should involve research are as follows: 
First, there is the rubber blanket. The creation of an im- 
pression is a function which depends upon the contact of two 
surfaces. In offset lithography one surface is the rubber blanket 
and the other is the paper surface. One other element that also is 
necessary to complete the operation is pressure. Upon these three 
factors the quality of the impression depends. The variation in 
the uniformity of the rubber surface involves lost time and de- 
creases production. This concerns variation in thickness prin- 
cipally, but surface is also a factor to be considered. It is the 
feeling of the lithographer that the production of rubber blankets 
is more or less of a side issue with manufacturers and does not 
command the attention that it should. Possibly a substitute 
can be found for the rubber blanket that would not embody its 
defects. One defect—the swelling factor, which affects cylinder 
diameters—requires manipulation, such as packing. The average 
activity of a press is usually under 50 per cent per paid hour. 
Quite often it requires anywhere from five hours to twenty-four 
hours to coordinate cylinder diameters by means of packing under 
plates or impression-cylinder blankets. One or two thousandths 
of an inch difference in diameter will make a perceptible difference 
in register. After the diameters have been coordinated and the 
press is in production for a time, possibly within a day or two, 
the blanket thickness has changed due to swelling or other factors, 
and the diameters are out of coordination again, and further 
manipulation becomes necessary to secure register. In other 
words, we should forget the 50 per cent production time and 
seriously consider the lost time which is involved in our press 
activity. 
To air conditioning special attention has been given within the 
last five years. Numerous installations have been made of ap- 
paratus of both the unit and central-station type, also combina- 
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tions of the two, also installations of dehumidifying equipment in 
conjunction with humidifying systems. Engineers and printers 
have selected different humidities as a possible standard. At the 
present time there is a difference of opinion as to what the proper 
humidity should be, also as to whether consideration should be 
given to absolute or relative humidity. 

In connection with humidity one point has been overlooked, 
and that is the percentage of mechanical stretch in proportion to 
the increase and decrease of the moisture content of paper. In 
our plant we have a modern air-conditioning installation in- 
cluding both dehumidifying and humidifying apparatus. We 
maintain a relative humidity of 45 per cent and a temperature 
of 75 to 77 deg. fahr. almost constantly, twenty-four hours per 
day, including Sundays and holidays. It has been our experience 
that on days when the atmospheric conditions outside were un- 
favorable, consisting of an excessive humidity at high tempera- 
ture, the paper stock in our conditioned area was affected and 
caused trouble regardless of the air-conditioning system. Of 
course the trouble was less than it would have been had the air- 
conditioning system been shut down. Referring to mechanical 
stretch, quite often the pressroom personnel is confused and 
trouble is caused by mechanical stretch that is often attributed to 
a moisture situation, and paper conditioning is resorted to in 
order to secure register. This could be overcome possibly by 
some manipulation of the press. In order to secure accurate 
register, it is essential to have the press print an impression that 
is the same size as the plate. Quite often this point is overlooked 
and trouble results. This condition can be overcome by paper 
conditioning. 

The plant of the future will possibly have a combined con- 
ditioner-press, and following the press in combination a further 
conditioner, or some apparatus, possibly violet ray, for ink drying. 

Standardization is a subject that has been given little considera- 
tion in the industry, especially in the lithographic division. This 
can be applied to many phases which are within the scope of the 
engineer, such as plate making, hand transferring, photo-me- 
chanical, chemical formulas, press construction, materials- 
handling methods, and standardization of label sizes, of cans, 
containers, packages, aluminum plates, zine plates, rubber blank- 
ets, factors involving make-ready, and colors. 

In photo-lithography and in mechanical imposition con- 
siderable progress has been made. As to the development of 
photo-lithography, many plants are using this method which 
involves color separation, halftone, ete. There are points in 
connection with the process which are of vital importance to the 
engineer, printer, or lithographer who is responsible for a quality 
job on the press. Negative making naturally plays an important 
part in making a satisfactory photo plate, for no matter how ac- 
curate the precision mechanical-imposition machine may be, it is 
impossible to make a satisfactory plate without a proper negative. 
Photo-mechanical plates require a different original from that 
required for hand-transfer work. It is our experience that the 
halftone or stipple dot increases in size in each step from contact 
negative to the impression of the press. Therefore, allowance 
will have to be made for this point in order to secure original re- 
production. At the present time, to my knowledge, this point is 
not taken into consideration and involves a part of our needed 
standardization. In the development of mechanical-imposition 
equipment there are a number of factors which are more or less 
crude and which should be overcome. One of these is contact; 
another is the method of inserting the glass negative in the nega- 
tive holder. It is necessary to use tape and other mediums to 
create a seal to hold a vacuum. 

Better means of coating plates are advisable. The present 
system is by means of centrifugal force on a whirler. This has 
possibilities for improvement. Elimination of moisture plays an 
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important part in the coating ahd making of a plate. The 
methods for its removal are crude. Photographie plates are 
sometimes a failure on the press, due to some defect such as un- 
even surfaces which causes a rub or slippage, showing the neces- 
sity for more accurate surfaces. In the photographic department 
most of the chemicals used for developing and making plates 
find their way to the sewer due to the methods employed. 

Aluminum and zine plates are subject to a condition similar to 
that which prevails with the rubber blanket. In our estimation 
plates are more or less of a side issue with the manufacturer, and 
they have not been given the attention that other products have 
received. 

Dry lithography is a dream that the printer lithographer has 
been conjuring with for many years. From an engineering view- 
point we have been utilizing the lithographic process since the 
days of Senefelder, but there is considerable yet to be learned 
about the simple function of creating an impression by means of 
a stone, grease, and water. Before casting the process to the 
four winds it is my feeling that we had better exhaust the possi- 
bilities in the present process before looking for dry lithography. 
We have produced plates which, handled under certain conditions, 
have printed 500,000 impressions, while the next one under the 
same condition, to the best of my knowledge, printed only 25,000 
impressions. There must be a reason, and an investigation 
should be made as to what variable was responsible for the dif- 
ference. If it is not possible to produce better plates for wet 
lithography, we should explore the fields of the dry. 

As to lubrication, up to within the last year or two little at- 
tention has been given to the subject of lubrication. The press 
was provided with a number of oil holes, and it was the duty of 
the press crew to oil up in the morning and at noon. This was 
accomplished with the conventional squirt can, usually in the 
hands of an irresponsible flyboy, and if he missed some holes the 
bearings ran hot and shut the press down or the bearing cut out 
entirely, resulting in increased maintenance. Later, oil cups 
were provided on the more important bearings, which im- 
proved the situation slightly. However, if the cup clogged or was 
overlooked, we were no better off than before. The situation is in 
need of development. Suppose, for instance, that we had to 
stop our automobile every half hour and crawl underneath with 
an oil can to take care of the lubrication; we would not make much 
progress. The press situation is quite similar. We need more 
positive and efficient lubrication. 

Sensitizing and desensitizing were covered somewhat under 
dry lithography, and I can only emphasize the necessity for a 
more thorough investigation of the fundamentals of wet lithog- 
raphy. 

Concerning paper surface, the requirements of modern high- 
speed presses have created a demand for satisfactory paper sur- 
face. Of course the offset press overcomes this to a certain ex- 
tent. Still it is felt that an improvement can be made. Another 
possibility is a substitute for clay-coated papers, possibly utilizing 
pyroxylin lacquers, etc. 

The mechanical feeding of sheets is a subject for further re- 
search. Considering the possibilities which the high-speed 
newspaper presses have divulged of the improved quality of the 
impression under high speed, no doubt the offset presses of the 
future will be still higher speed than those of the present provided 
that feeding equipment can be developed that will handle the 
sheets in register. High-speed printing has a less chance of 
paper distortion. We still have something to learn about the 
function of creating an impression. This raises another point, 


and that is the more comprehensive study of sheet travel through 
a press. 

Production methods could well be the subject of research. The 
industry is divided into several classes, among which are the 
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large plants which produce a volume of product at a low margin 
of profit and of medium or fair quality. It is this type of plant 
which is interested in production methods. The printing industry 
is far behind the automotive when it comes to modern methods. 
They have eliminated the majority of variables so that their ma- 
chine activity or efficiency is high. In the average printing plant 
the average machine activity, as stated before, is less than 50 
per cent per paid hour. The balance of the time consists of 
make-ready and the other elements which go with it. Conse- 
quently, a tremendous loss in production results. What we need 
is a more simplified make-ready and elimination of the variables 
which consume the other 50 per cent of the press time. 

These are some suggestions for thought, and further research 
may bring forth a remedy. 


Research Problems in Lithographic Printing — 
The Lithographic Technical Foundation 


By L. S. HAWKINS,** NEW YORK, N. Y. 


The great brother industry of lithography has pioneered the way 
in research by endowing the Lithographic Technical Foundation. 
It aims to soloe the major problems of the industry as a whole, rather 
then the individual problems of isolated plants. The history of the 
five-year operation, although that time is a brief period in the field of 
research, indicates that the Foundation was begun on the proper basis. 


explain to you later just what is meant by that, is now 

about five years old. Therefore, what I have to say to 
you will be as much in the nature of the theory on which the 
Foundation is built as it will be concerning the accomplishments 
of the Foundation, because five years is a rather brief period in 
which to accomplish very much in the field of research and educa- 
tion. The most that can be hoped for in the way of accomplish- 
ment in that time is the laying of a solid foundation and the 
making of a reasonable start on a program. 

Many trade associations, i.e., many industries represented by 
trade associations, have from time to time initiated and carried 
through, more or less successfully, programs of education or 
technical research. The thing that is important to note in this 
connection, however, is the fact that the lithographic industry, 
instead of setting up a program of education and research through 
their trade association, went entirely outside of their trade as- 
sociation and established a separate and distinct corporation for 
the sole purpose of initiating and carrying on a program of edu- 
cation and research—for the sole purpose, I say, of carrying on 
a program of education and research. 

Possibly an offhand consideration of the question would not 
make perfectly clear the importance of this departure from 
established customs on the part of the lithographic industry, but 
if you will look into the history of educational and research enter- 
prises as conducted by trade associations direct, you will find that 
practically all of them have had their ups and downs. They 
start a program with a great deal of enthusiasm and with plenty 
of financial support, but due to the fact that trade associations 
have other activities and usually activities that are considered 
primary, at least at times, there comes a period when the work of 
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education and research, which as I have said before is rather a 
slow process, becomes a secondary or a tertiary, or a somewhere- 
down-the-line feature, which is preceded by other seemingly more 
important functions. In other words, education and research 
for the trade association are primary functions at times, but at 
other times they are relegated to a second, third, fourth, or fifth 
place, and that means not only with regard to the enthusiasm 
and support of the program, but more particularly with regard to 
the financial support. 

I have had experience with several trade associations, and I 
know that the conditions which they confront in this respect are 
not the fault of any individual and really not the fault of the 
association itself; it simply means that they all sooner or later 
get into a situation where their money is needed for something 
other than education and research. 

Now the unfortunate part is that, in a program of education 
and research, if you spend a lot of money to get it started and 
then let it dwindle and go backward, you very largely lose the 
advantage of the money which has been previously invested in 
the enterprise, because education and research are cumulatively 
beneficial. In other words, it takes the first five years to make the 
second five years fully productive, and it takes the first ten years 
to make the next five years fully productive; therefore, the lithog- 
raphers, when they tackled this question of instituting a program 
of technical research and education, cut away from the trade 
association and set up a separate institution, a separate corpora- 
tion, for the purpose of carrying on their program of education 
and research, and that institution is the Lithographic Technical 
Foundation, Incorporated. 

Inasmuch as finances seem to be the rock on which most pro- 
grams become stranded, the lithographers tried to avoid that 
rock by going out and raising a fund which would be in the nature 
of an endowment of the program. They took plenty of time to 
consider the best method of raising the money and also the best 
method of protecting that money or insuring that money for the 
purpose of education and research. 

Not to go into all of the details of the campaign for raising the 
funds, suffice it to say that they set their goal for $750,000 and 
got that $750,000 pledged in about a year’s time. The plan was 
to permit the pledges to be paid over a period of five years. In 
other words, if a man pledged $5000, he could pay $1000 a year 
for five years. How well that program succeeded you can judge 
by the fact that now, five years from the time that the campaign 
was started, there is something over $600,000 of the money in- 
vested in interest-bearing securities, the proceeds of which are 
used for the support of the Foundation. 

In other words, today the lithographers have an institution 
which is endowed, and the purposes of that institution are clearly 
defined as being for the promotion of research and education in 
and for the lithographic industry. 

Though incorporated in April, 1924, a year of study and plan- 
ning on the part of the moving spirits was necessary before active 
work could be begun on the projected program of research and 
education. Among other things, a plan for raising funds had to 
be formulated and organization details worked out. It was dur- 
ing this initial year that arrangements were made with the Uni- 
versity of Cincinnati to house the research laboratory to be esta- 
blished and supported and directed by the Foundation. The 
arrangements made at that time were fortunate indeed and have 
worked out most advantageously for the Foundation. 

On March 1, 1925, Prof. Robert Findley Reed was appointed 
director of research work. Being a graduate in chemical engi- 
neering of the University of Cincinnati, and having occupied a 
responsible position with the DuPont de Nemours Company 
prior to his appointment, it is not a matter for surprise that 
Professor Reed has proved a capable director and has organized 
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and developed a department of research of which the lithographic 
industry may well feel proud. 

In September, 1926, the Foundation established what is now 
known as the Joseph Deutsch Scholarship, which provides for a 
full-time assistant in the research department. Later a fellow- 
ship at the university was assigned to the Foundation laboratories 
by the university. At present the staff consists of the director, 
two full-time research assistants, and three graduate assistants. 
The laboratory is now well equipped for the research program; 
and each year sees other equipment needed for experimental 
purposes provided in part by the Foundation and in part by the 
university. Intimately associated with the research department 
is the library of books and periodicals on lithography, paper, and 
allied industries in the Chemical Building of the university. This 
library is now second to none on the continent, if not in the world. 

Five research bulletins have thus far been published: No. 1, 
The Characteristics of Paper and Their Relation to Lithography; 
No. 2, The Effects of Electrolytic Action on Lithographic Print- 
ing Plates; No. 3, The Etching Operation in Lithography; No. 4, 
The Light-Fastness of Lithographic Ink Pigments; and the 
Handbook of Air Conditioning for Lithographers. 

In the belief that the results of research will make available to 
lithographers the information which will enable them to avoid 
many of their present production difficulties, the Foundation has 
devoted its energies primarily to basic research rather than to the 
relief of current shop troubles. It was realized, of course, that 
such procedure would require a longer time to bring direct results 
to individual members, but that it would, in the long run, bring 
more help to a greater number than would an arrangement to deal 
with the daily difficulties of individual members. At the same 
time, the research committee, appreciating the importance of such 
production difficulties, arranged to provide those having shop 
troubles with the best possible assistance. Especially during the 
last two years, calls of this kind upon the committee have been 
numerous; and in the majority of cases either a satisfactory 
solution has been furnished or information given which has led to 
a satisfactory solution. As a result of the service rendered, the 
work of the research department has been widely advertised. 
Indeed, the executive offices are continually in receipt of requests 
from foreign countries for information concerning its activities. 

On June 1, 1928, the research department began the publication 
of a bi-monthly bulletin entitled ‘Lithographic Abstracts.” 
This bulletin contained references to and abstracts of technical 
articles, patents, and books, both American and foreign, con- 
sidered of interest to technical and production men in the litho- 
graphic industry. The object of this service was to keep the 
industry informed regarding new developments and to stimulate 
interest in such developments. Though its publication by the 
Foundation was recently discontinued, the original idea of the 
bulletin is now being realized by publishing the abstracts in the 
trade journals. 

By way of summary, therefore, it may be said that the research 
department faces the future hopefully, and that by reason of its 
accumulated knowledge and skill it moves forward with added 
confidence in its ability to serve the industry in an increasingly 
substantial way. Certainly the lithographers have every reason 
to be pleased with the results thus far accomplished and the 
promising progress which has been made. 

The educational work of the Foundation has necessarily de- 
veloped along two lines somewhat different in character, but 
closely interrelated in operation; such as, (1) educational re- 
search, or seeking out information and experience to be organized 
into teachable form; (2) educational promotion or assisting in 
the establishing and conducting of schools and classes in or for 
the lithographic industry. 

Success in instructional work necessarily depends upon the 


nature and extent of available teaching material and the kind of 
teachers obtainable. The Foundation has made decided progress 
in preparing instructional material for the lithographic industry. 
The series of seven pamphlets on The Single Color Offset Press 
(now also published in book form) and the volume on Hand 
Transferring are already well and favorably known, not only in 
this country, but apparently elsewhere also, since requests have 
come from several foreign countries for permission to translate 
them. A third volume on Color Correcting or Retouching is now 
in press and will probably be available to the industry within the 
next two or three months. All of the aforementioned texts were 
prepared to serve the needs of apprentices or workers in produc- 
tion departments; but they are also serving other purposes. 
The research committee, for example, says, “About 90 per 
cent of the shop troubles reported are fully explained in the 
basic texts.” 

In connection with the preparation of these texts a technique 
has been perfected whereby the best minds in the industry not 
only furnish the original information, but also check on such 
information after the manuscript for the text has been prepared. 
This technique is now well known and generally accepted. An 
article in the April, 1929, issue of the American Management 
Association ‘“Review”’ by Mr. Silcox of the New York Employing 
Printers Association indicates how highly this method is regarded 
by the printing industry. In reviewing the Analysis of the Single 
Color Offset Pressman’s Trade, Mr. Sileox says, “This work 
establishes a standard method for outlining courses of study in 
industrial education and is a valuable aid to those charged with 
the responsibility of training apprentices in any industry.” 
Notwithstanding the fact that the Foundation has sold about 
2000 copies of these books, there is still quite an active demand 
for them, and there is every indication that when the books be- 
come better known they will be used regularly in connection with 
daily production problems as well as in connection with training. 

The other line of educational research is concerned with the 
development of extension courses such as are now in operation in 
New York University and Chicago University. Two factors 
having to do with the success of such courses stand out promi- 
nently; the first is the personality and ability of the instructor, 
and the second is the detailed outline of the course itself. It 
always has been and probably always will be difficult in any field 
to find a man who is thoroughly practical and at the same time is 
a good teacher and a good organizer of instructional material. 
All experience goes to show that the best way to cope with this 
matter is to secure competent men from the industry as instruc- 
tors and in cooperation with them develop detailed outlines of the 
respective courses. Experience also goes to show that these 
detailed outlines can best be secured when a trained analyst, 
an educational engineer, if you please, works with such instruc- 
tors. In order that these outlines be practical it is necessary 
that they be put through the acid test of experience and modified 
in accordance with findings. We have had varied experiences in 
connection with the establishing and conducting of such courses 
both in New York and Chicago. One result of these experiences 
is the confident feeling that we now have two well-outlined uni- 
versity extension courses in successful operation. These courses 
are management in lithography and estimating lithography. 
We have also done considerable work on the course in chemistry 
for lithographers, but cannot yet claim success in this endeavor. 
At least another year will be required to work this out in a satis- 
factory way. 

The course in management in lithography as now organized is 
regarded as fundamental to all university extension courses; 
in short, as providing background for all specialized courses in 
connection with lithographic management. As a consequence of 
this conviction our major efforts have been devoted to getting 
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this course thoroughly organized. The development of this 
course dates back to the Spring of 1926, when it was my personal 
privilege to meet with a group of 17 representatives of various 
lithographic plants in New York City for a series of 15 weekly 
sessions of 2 hours each. 

Beginning with the Fall of 1929, the first course was organized 
for selling lithography. The importance of this phase of the 
industry is indicated by the fact that over 90 registrations were 
accepted for the class, notwithstanding the fact that it had been 
originally planned to limit the numbers in this course to 50. 

Although these courses are conducted by the university, the 
instructors are men from the industry. In the selection of these 
men it has been the practice to secure the best men in each line 
for conducting the course. For instance, the course in manage- 
ment in lithography is under the direction of the production 
manager of one of the largest lithographic plants in New York 
City. The course in estimating is under the direction of the vice- 
president of a large New York lithographic plant, who himself 
has charge of the estimating and accounting for the plant. As 
has been said before, the success of this type of work is in a large 
part dependent upon the kind of instructor who is selected. 

The university courses now in operation are of two types— 
(1) the full-time cooperative course at the University of Cin- 
cinnati and (2) the evening extension courses referred to. The 
University of Cincinnati reports an enrolment of 60 students in 
cooperative lithographic courses, 28 of whom are employed by 10 
firms who are subscribers to the Foundation. Four other firms 
are cooperating with the university in the lithographic work; 
but from reports coming to the Foundation from those employing 
such cooperative students, there is every reason to believe that 
the results will exceed rather than fall short of our expectations. 

It is in the secondary education field that the activities of the 
Foundation will be most far-reaching. During the first two or 
three years of educational effort little more was accomplished 
than laying the groundwork for cooperative courses in the sec- 
ondary field. Some local classes of varied types were established, 
some of which still are in operation; but it was not until the Fall 
of 1928, that the problem of establishing cooperative courses in 
the interests of lithography in the secondary schools was attacked 
in earnest. At that time the Foundation employed a field man 
or general coordinator of educational work for the Foundation. 
Having been for a number of years associated with the University 
of Cincinnati in the capacity of coordinator, the man selected is 
particularly well qualified for this task. 

After discussion and conference it was decided that the best 
procedure in establishing cooperative courses in secondary schools 
would be to concentrate on some likely center and do whatever 
was found necessary to get such courses under way in this center. 
This seemed advisable, because cooperative courses do not con- 
stitute the usual form of organization in the secondary schools of 
this country and because the successful establishment of such 
courses would therefore necessitate adjustments both on the part 
of the employers and the schools. Moreover, it was recognized 
that few cities would have enough lithographic establishments to 
make possible a cooperative set-up for boys employed exclusively 
in lithographic plants. For these and other reasons it was 
necessary for our coordinator to spend the greater part of several 
months in Rochester, the center selected as the most likely place 
for establishing the first cooperative course in secondary schools. 

The school authorities in Rochester agreed to start a coopera- 
tive course on three conditions; namely, it must be shown to be 
practical, it must not cause any further drain on the budget, and 
the cooperation of the industries must be assured. The task of 
recruiting a class of 40 boys and finding 20 openings in the 
Rochester industries to provide practical training for these boys 
was successfully completed in about six weeks. The course as 


established consists of two years of regular technical high school 
work, followed by three years of cooperative work, the boys 
spending alternate four-week periods in school and at work. The 
industries and educational authorities are enthusiastic about the 
course. Careful selection of students and the continued cooper- 
ation on the part of employers will insure healthy growth. Dur- 
ing next year, six or eight more students of lithography will be 
taken into the cooperative course. In all probability, the ma- 
jority of students in the cooperative courses will continue to be 
other than lithographic students. This, however, is but natural, 
as relatively more workers are employed in the electrical and 
machine-tool industries. 

While getting the work in Rochester under headway, the 
coordinator established contact with authorities in other centers, 
with the result that the prospects for cooperative courses being 
started in Buffalo, Baltimore, and Cleveland are good. Condi- 
tions in Chicago and Cincinnati have also been investigated. 

Any attempt to evaluate the coordinator’s services in terms of 
the number of courses started or the number of students enrolled 
would be a mistake. Rather such evaluation should be in terms 
of a secondary cooperative course actually established and 
successfully operated. It can now be said that as a result of the 
efforts of the Lithographic Technical Foundation the cooperative 
type of education is in successful operation in secondary schools 
and that such work will be carried forward under its general 
supervision. 

A summary of developments to date shows that we now have 
under way a comprehensive program of technical research and 
educational research; also both university and secondary courses 
on a cooperative basis. Surely we need feel no hesitancy in stat- 
ing that the program of the Foundation has been well conceived 
and is being successfully carried out. 


Research Problems in Lithographic Printing 
and Machinery 
By THOMAS R. JONES,*7 CLEVELAND, OHIO 


Printing processes, the author finds, are largely in the hands of 
know-how men who, through long experience with printing, have 
learned what to do to overcome difficulties. The technique in one 
plant differs from the technique in another plant in handling the 
same work. The handling of one press is apt to be different from the 
handling of the press next to it. The development of present proc- 
esses and mechanisms has largely been due to the cut-and-try method. 
Progress today in the foremost industries is being brought about, not 
by the cut-and-try method, but by fundamental research. In other 
industries the ‘‘know-how"™ man has disappeared, and his place is 
well filled by the technically trained man. 


HEN first invited to make this address, I hesitated 

greatly, as I am new in the industry, but after think- 

ing the matter over, I decided that the very fact that 

I was new in the industry might be an advantage inasmuch as 

some of the ideas gained through a fresh viewpoint might be 
helpful to you who have been long in the industry. 

When I came into the printing industry, I had to learn a great 

many things in a short time, and the best way that I know of 
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learning is to make myself a general question-mark to any one 
whom I can get to talk on the subject at hand. As a result of 
many questions I have found that the printing processes are 
largely dominated by men who employ what may be called 
“know-how” men who, through long experience with printing, 
know what to do to overcome their difficulties. These men have 
started out as helpers and have gradually worked up until they 
have been given the important positions of pressmen and superin- 
tendents, and through their long experience and first-hand 
contact with the work they have developed individual techniques. 

Now the technique in one plant is not the same as that in 
another doing similar work. The technique in the plant depends 
largely on the individual experience of the man, and the technique 
in the handling of one press is apt to be different from the handling 
of the press next to it due to the difference in the experiences of 
the men operating those presses. 

Furthermore, since being in the industry I have traced the 
development of present processes and mechanisms and have found 
that improvements and developments in the industry are largely 
due to haphazard inventions brought out by what we might call 
the cut-and-try inventor. I am not deprecating the cut-and-try 
inventor, because most of the mechanical progress in this country 
has been brought about by that man; but today progress in the 
foremost industries is being brought about, not by the cut-and-try 
method, but through fundamental research. 

So it seems to me that we are on the threshold of a change from 
progress built on cut-and-try methods to that of progress built 
upon fundamental science, for this reason that the cut-and-try 
method always leaves out of consideration a great many factors. 
The inventions resulting therefrom cover one phase of a subject 
pretty well—thoroughly, we may say—but the many other phases 
which must be considered for a perfect result have been over- 
looked because of the lack of fundamental knowledge. 

In the offset industry is to be found a great perfection in 
mechanical methods, accurate presses, great accuracy in the 
laying down of the image—all through the process of the cut-and- 
try invention; but there are also involved so many variables that 
I have marveled at the results achieved by printers using so many 
materials of an almost uncontrollable nature. 

The problems of research fall under two heads—direct and 
indirect. The direct problems are those factors which enter into 
lithographic processes and which have not yet been covered by 
research, and that means every factor, every step, which enters 
into lithographic printing processes. 

We start with the photography and the laying down of the 
image. There is a paper to be later given by some one which will 
touch upon this subject, and I will pass it by. 

The matter of the plates includes their preparation, the ma- 
terials of which they are made, the light-sensitizing solutions, the 
desensitizing preparations, the matter of scumming, and all of the 
various factors which go into plate making and plate preservation. 

In asking questions about plates, I have run across situations of 
this kind: a plate-maker will say, “Sometimes I get runs as high 
as 150,000 [I have had them say 200,000] impressions from a 
plate, and the very next plate with the very same subject gives 
only 50,000.” 

I have said, ““Why is that?” Well, they did not know. 

‘Where does your plate give out—in the impression or on the 
grain?” 

Suppose the man says it is on the impression. ‘Well, what 
does the plate look like after it comes off? Have you examined it 
through a microscope?” 

They did not have a microscope; they had a magnifying glass. 

“Was there any difference in your etching fluid? Did you use 
an old etching fluid on one of them and a fresh etching fluid on the 
other?” Well, he did not know. 


“Ts there any difference in the albumen on the plate, in the 
thickness?”’” Well, he did not know. 

“Did the plate show undercutting of the dots?” He did not 
know that. 

Now I am not telling you all this as a means of showing up the 
printer. I am showing you that there was no control+of that 
plate, and that those men do not know why those plates are wear- 
ing out because they do not possess the key, research, which 
opens the door to that knowledge. 

Research on plate troubles may show that many plate troubles 
have to do with the press. Possibly there are improvements that 
can be made in the press to correct wear on plates, but it is not 
going to be to the advantage of the pressmaker or the printer to 
start a lot of haphazard cut-and-try experiments to eradicate 
plate trouble, until we find out what is causing that plate trouble, 
and to do that we have to know why that plate is wearing out. 

We have heard many theories as to why the plate is not stand- 
ing up, just as we have heard many theories as to what causes the 
water to stick to certain parts of the plate. I have been told that 
it is a matter of the arabic acid forming an arabic salt with the 
material of the plate and thereby causing a film to be deposited 
over the face of the plate to which water adheres. Then I have 
been told that that is not the case at all, by somebody who 
seemed to know what he was talking about; and the Research 
Foundation of which Mr. Hawkins has just told us is very care- 
fully isolating arabic acid from gum arabic as a first step in a 
research to uncover the facts. 

When we have a few of those things done, maybe we will know 
then that the press manufacturer has to do something with his 
press to help the wear on the plates. We may find it somewhere 
else. 

Now that same thing goes all the way down through the whole 
story of the research problems. 

Take the matter of blankets. Out of 35 blankets that were 
tested at a certain time, there were 35 different compositions of 
those blankets found. Now you men who work with litho- 
graphic presses know that some blankets absorb ink and will swell. 
Other blankets, you find, with the use of certain inks, will etch 
out. Isit the blanket’s fault or is it the ink’s fault? We will not 
know until we find out what happens, what chemical constitu- 
ents in the blanket or the ink cause the absorption or the etching, 
and the factors which make up the perfect blanket and the perfect 
ink. This is another problem of research. 

We have the subject of paper. On paper itself there has been 
a great deal of research, but the research on the application of 
paper to lithographic printing has been rather lightly touched 
upon. We know that we put a piece of paper in process and it 
stretches; we know that it stretches in two ways—first, it 
stretches in all directions due to absorption of moisture, and, 
second, it fans in the press; it gets wider at the back end than at 
the front, and both stretches give us trouble with register. Now 
the question is, why do those things happen? Is there something 
wrong with the press that causes that paper to fan? There 
again is a problem in research. 

So on, with inks; and water; the acids that are put in the 
water. There is not a thing which we can mention which does 
not bear deep research, fundamental research. Now that re- 
search involves several things. These I call indirect problems 
of research. 

The first is the proper direction of research. I think that in so 
far as general lithographic research is concerned it is in very 
efficient hands. I am speaking of the Lithographic Technical 
Foundation. But there is much other research to be done in the 
plants of the printer and of the equipment builder, and to this 
there must be proper and far-sighted direction. 

As the next step comes the education of the printer to use that 
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research. Now that is a harder thing than it seems at first. 
It involves several things; it involves translating the research 
into terms that the printer knows, and it involves a receptive 
mind on the part of those in control of the industry. Then there 
must be the education of the machinery makers and the supply 
merchants. When we have carried the research on rubber 
blankets far enough along that we may know why rubber bankets 
absorb ink and etch and swell and so forth, we have got to educate 
the rubber blanket maker to make a rubber blanket of the proper 
construction and composition. 

To illustrate a third problem I will take a chapter from my own 
past experience. 1 know that it used to be the practice in gray- 
iron foundries to have men who were of the same type as the litho- 
graphic superintendent and pressmen today, the man with the 
large amount of accumulated “know-how.”’ But today we can 
go into the modern gray-iron foundry, and we may not find one 
man who has that broad know-how. The cupola is run by a man 
from college who squints at the iron as it comes out of the spout 
through a glass, and who goes back into his laboratory and fools 
with a lot of funny test tubes and gets the answer that the man 
with a great deal of “know-how” could not get. 

I know of a foundry employing 350 men in which there are only 
two molders. And it is very possible (I am not throwing this out 
as a prophecy, but as a suggestion) that there will be a new type of 
machine operator who will probably be educated in these schools 
of which Mr. Hawkins told us; and possibly we can use less 
skilled labor in the printing plants, just as there has been less and 
less skilled labor used in foundries and machine shops. The real 
control of the printing plant may come through an engineer who 
is a chemist and who gets his control of the printing and litho- 
graphic processes through test tubes and through squinting 
through magnifying glasses. That may seem a little far-fetched 
to you, but I think it is worth considering. 

One further thought, and that is that any research takes time, 
and all of these changes that may come about through the use of 
research are not coming about in a year. They are not coming 
about in three or four years. 

The results, however, must come, and with some of the road 
already traversed we may hope that at least the first view of the 
promised land may be over the top of the next hill. 


Research Problems in Photo-Engraving 


Bry WILLIAM J. WILKINSON® ann ADOLPH SCHUETZ,® 
NEW YORK, N. Y. 

The photo-engraver has difficulty in holding to a set of standards 
because of the many differing requirements of the publications for 
which the plates are made. The photo-engraving industry has 
made great progress through research. Photo-engraving is the basic 
principle of most of the newer methods of reproduction and will 
be carried on to even greater heights of perfection. 


HILE the American Photo-Engravers Association does 
not officially sponsor, subsidize, or maintain a research 
bureau, the officers of that organization have fre- 
quently discussed the desirability of such a bureau, and I be- 
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lieve before long plans will be completed for the operation of a 
research laboratory in charge of competent technicians and chem- 
ists. These plans, however, are to date but in embryo stage. 

The reason for this is perhaps largely due to the fact that 
such a bureau would only really be effective if its efforts not 
only embraced the photo-engraving problem, but also dealt 
with research work necessary in connection with the electro- 
typing and printing industries, for those industries are so closely 
and intimately affiliated with the problems of the photo-en- 
gravers that no efforts in research for the improvement of the 
engraving business can be wholly successful without the closest 
and entire cooperation of these two branches of the graphic 
industry. 

Efforts in research work have therefore solely been carried 
on by individual photo-engraving houses, and the results of this 
research work have been from time to time brought to the at- 
tention of the American Photo-Engravers Association, which, 
through a committee, has investigated the results obtained and 
either recommended the improvements suggested to members or 
has refrained from doing so, as the individual case warranted. 

The main object and endeavors in this line of research have 
been the adjustment of the photo-engraving industry to the 
condition which of necessity must be met by the printing industry. 

The photo-engraver completes but one of the steps necessary 
in the production of illustrated literature, and the greatest prob- 
lem confronting the photo-engraving industry is that of adjust- 
ing its product to the condition of the subsequent processes; 
for after the engraver has completed his task and delivered the 
plates made to the best of his ability, the quality of the final 
result ultimately depends entirely on the skill of those who of 
necessity must follow and complete the processes through which 
the engraver’s product must travel before the work is completed 
and finished. 

These processes have certain limitations imposed upon them 
through the requirement of economy and speed that control 
to a large extent the final result. 

All photo-engravings are made to be printed, and while we 
may produce the finest proofs of our work, it is the printed re- 
sult by which it is judged and which finally decides the degree 
of its merit. 

Most engravings are electrotyped, and the engraver must 
exercise the greatest care that nothing can go wrong while his 
plates are being duplicated. He must adjust himself to the 
process of electrotyping; he must make a research and acquaint 
himself with this process so that he may avoid, as far as it is 
possible for him, the difficulties that the electrotyper will en- 
counter and which may result in an incorrect replica of the 
engraver’s original plate. 

The engraver must see that his plates are deeply and cleanly 
etched; that there is no undercutting; that the vignettes are 
properly made; that shoulders are trimmed down straight so 
that they will not come up in electrotyping. He must see that 
there is no undue burnishing of his plate and that the surface 
of his plates is even and smooth. He must see that the back 
of the plate is thoroughly cleaned and that the enamel top is re- 
moved before it goes into the hands of the electrotyper. He 
can do all this, but he cannot make the electrotype himself. 

Therefore, no matter how beautiful his engraving, and no 
matter how many precautions he has taken so as to make a 
perfect duplication possible, if the electrotype is not a good 
one, his work is in vain, and so it is in a great measure with the 
printing of his plates. 

The engraver must foresee and investigate by just what method 
his plates will be printed, what sort of a press will be used, which 
can be either a small automatic press of great speed, a flatbed 
press of single or double color, or perhaps a rotary press using 
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curved plates and printing the colors wet in a fraction of a second; 
and he must consider what inks will be used; what their con- 
sistency and concentration as well as the color shades of those 
inks are to be, and finally, he must pay the greatest attention 
to the paper on which the edition will be printed. 

We all know that there is a great variation in the range of 
papers and that there is as much difference in this range as there 
is between the cheapest linoleum and the most exquisite oriental 
rug. 

Notwithstanding the fact that the photo-engraving process 
is the most flexible, surest, and most faithful method of repro- 
duction, having a far greater range of color and tone values 
than its closest competitive process, it is equally true that the 
printing result of a photo-engraving largely depends on the 
quality of the paper used; and the range of papers on which 
perfect results are possible is more limited than with other proc- 
esses. 

Coated paper was originally introduced to make the best half- 
tone relief printing possible. 

Fine halftone printing requires the printing of the very sur- 
face of the plate only, and therefore the smoother and finer the 
surface of the paper, the better will be the result. 

Coated papers, however, are being used in decreasing quanti- 
ties for the ever-increasing circulation of magazines, and periodi- 
cals which are the largest users of our photo-engraved product 
find the use of these coated papers undesirable, and the photo- 
engraver has to adjust himself to this condition and make proofs 
of his plate on papers to be used by the periodicals for which 
his engravings are intended. 

There are great differences in the selections of the various 
periodical paper stocks used by the different publications, and 
oftentimes engravers have from ten to twenty papers on hand 
to be used in the proving of their plates and each used for a dif- 
ferent publication. 

Plates to be printed on paper used by the average periodical 
must be etched much more open and the tone values carried 
lighter than if they were printed on good coated paper, for we 
not only print the surface of the halftone dots on such paper, 
but considerable of the edge of the dots. Because of the sur- 
face being less smooth than the coated paper, the engraving 
requires considerable more pressure in printing, and this addi- 
tional impression will tend to incorrectly transfer the surface 
of the dots. 

Fine detail on such papers is not possible, and there is a per- 
ceptive loss of it in plates proved on magazine papers as com- 
pared to the result of such plates on coated paper. 

The presses on which the engraver’s plates are proved are of 
necessity of a different make than the presses on which the publi- 
cations are run. In most cases these are speed rotary presses, 
sometimes turning out thousands of sheets per hour, and it is 
therefore clear that in order to make proofs that can truly be 
matched on such presses, the proof must be made under similar 
conditions. This is not possible in the photo-engraving shop, 
and the nearest approximation to these conditions is the prov- 
ing of the plates while the colors are still wet on a slow proving 
press. 

In order to make wet printing in color work at all possible, 
the inks must be adapted for it. Their consistency and concen- 
tration are far from the ideal inks which go for perfect color 
printing. The earnest and sincere efforts of the Photo-Engravers 
Association to adopt a set of standard inks so that each engraver 
may use the same shades have gone for naught, because of the 
desire of the publications to use their own standards, which 
in each case vary. 

The engravers, therefore, must again adjust themselves to 
these inks, each publication having adopted a different set of 


some reason or other, and these inks must be used by the engraver 
for proving of plates to be used by that particular publication. 

The rotation of colors is another matter that gives the en- 
graver the greatest concern, for there are no two publications 
that use the same rotation and have adopted a method which 
seems the most desirable for their own requirements. 

From all this, it is obvious that the engraver must constantly 
adjust himself to the ever-changing conditions which are im- 
posed upon him and which he must meet. 

It is not only the question of papers, inks, and speed; it is 
also the question of press preparations which will mar or help 
his engravings. 

The best photo-engraving can be ruined by a faulty make- 
ready and by inaccurate register, and there are many slips pos- 
sible that may spoil the work of the engraver and show his prod- 
uct in the most unsatisfactory way. 

There is no doubt that the photo-engraving process is capable 
of making faultless reproductions in one or more colors, and I 
do not hesitate to state that it is my earnest belief and that 
of our organization that it is the surest and most faithful method 
of reproduction, provided that plates are printed on good coated 
white paper, that inks of a perfect consistency and concentra- 
tion are used, and that these inks be of the correct scientific 
shade and be given sufficient time to dry before the next color 
is applied in the case of color work. It is equally true, photo- 
engravings made and printed under any other condition are but 
a compromise and an adjustment, made to comply with the 
ever-increasing demands for speed and economy. 

When the national advertiser buys space in a periodical with 
a great circulation, it is unreasonable for him to expect de luxe 
prints through the entire edition of many millions, and it is 
equally unreasonable for him to expect to match all the colors 
of his multicolor original by the compromise methods which 
must be used and which makes this tremcndous output in the 
limited time allotted to it at all possible. 

Advertisers and art editors preparing copy for reproduc- 
tion for such publications should understand and study the con- 
ditions under which their advertising will ultimately be pro- 
duced and cooperate to the largest extent possible with the 
photo-engravers, so that they can avoid disappointments as 
far as the reproduction of their original is concerned. They 
must understand that with the limited range of colors that can 
be used by the publications it is impossible to match greens 
ranging from emerald to olive and blues ranging from turquoise 
to ultramarine; also because of the fact that these plates are 
printed wet and a great deal of the depth of color must be sacri- 
ficed, the originals should be prepared with that in mind, and 
difficult colors, shades, and nuances should be omitted from 
these copies. 

The photo-engraving industry has made great progress by 
such research, and one may well wonder at the quality of the 
work produced in these publications under the trying conditions 
mentioned. 

The industry expects to go further in this by careful study 
of these problems, so that ultimately still better results may be 
obtained; but in order to do this, we must have the hearty co- 
operation especially of art managers and advertisers in the 
selection and preparation of their copy. 

I believe that photo-engraving, which is the basic principle 
of most of the newer methods of reproduction that have been 
introduced, will be carried on to even greater heights and will 
be applied in conjunction with other and newer printing methods; 
and with this in mind, the American Photo-Engravers Association 
requests the earnest and sincere cooperation of the allied industries 
so that it may work hand in hand and in unison with them on 
the future development of the graphic industries, 
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Research Problems in Electrotyping 


By HAMILTON ENTERKIN Mac ARTHUR,® 
CLEVELAND, OHIO 


A comprehensive statement is made of the research undertaken 
by this organization and of the problems yet to be solved. It has 
been estimated that the research already accomplished has saved 
the industry two hundred thousand a year at a cost of ten thousand 
a year; some put the saving at twice that amount. It is only 
through coordinated research that the problems can be solved. 


MONG the standing committees of the International 
Association of Electrotypers of America are the Research 
Committee and a Standardization Committee, which 

interest themselves in research problems in the electrotyping 
field. These committees work with one another, the two spheres 
of activity overlapping to a considerable extent. A research 
associate, who works at the National Bureau of Standards, has 
been employed continuously since 1924. His work is under the 
guidance of the Research Committee chairman and under the 
direct supervision of Dr. William Blum, of the bureau. 

The first definite accomplishment in research in electrotyping 
came about by reason of a request from the Government Print- 
ing Office, directed to the Bureau of Standards, for information 
regarding certain phases of this process. Asa result, an extensive 
investigation was made by Dr. Blum, who later published his 
findings in 1914 in a Bureau of Standards circular.*! The result 
of this study was reported to the International Association of 
Electrotypers and was the first accurate information of a tech- 
nical nature made available to the industry. 

This report stimulated considerable interest and resulted in 
the association engaging in 1916 a research associate to work at 
the Bureau of Standards. The war interrupted this work, and 
it was not taken up again until the association appointed a new 
man in July, 1924. As just mentioned, a fellowship has been con- 
tinued there since, and much good has been accomplished. 

It might be well to preface a list of these accomplishments with 
a statement as to the general situation in an effort to show the 
difficulties handicapping research and standardization activities. 
To the impartial observer the number of steps and the apparently 
involved procedure in producing an electrotype are surprising. 

The electrotyping process is not strictly a manufacturing proc- 
ess in the production sense as that term is generally thought of 
today. This business is a made-to-order business, consequently 
production is irregular. Many electrotype orders require only 
one plate, and very rarely (except in publication plate work) are 
the plates the same size or shape. Production methods, there- 
fore, are possible only to a certain extent. Some of the me- 
chanical methods are a further handicap. For instance, a mold- 
ing press for wax molding may not be able to make a lead mold; 
a machine that can rout flat plates cannot rout curved plates; 
a rolling drum for curving a plate to fit one press cannot be used 
to curve a plate for another. These peculiarities determine and 
even limit the method of approach and attack in research. Be- 
cause the element of craftsmanship enters so largely into dupli- 
cate plate making, it is a little difficult to picture ways and 
means of substituting mechanical methods in many of the opera- 
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tions. Nevertheless, we do hope that the future, through ex- 
tensive research, holds a more happy solution for some of these 
problems. 

Up until a very few years ago the industry’s progress had been 
built up almost entirely from empirical knowledge. Even with 
today’s advances in new, finer, more accurate, and faster ma- 
chines and greatly increased solution efficiency in the tanks, all 
of the twenty-eight steps required to make an electrotype twenty- 
five years ago are still with the industry today. Research has 
carried us far in the production of a better plate, but it has not as 
yet eliminated any of the operations. Consequently electrotype 
manufacturing costs have not been reduced proportionately to 
the price at which the industry has been compelled to sell its prod- 
uct. It is quite apparent that there is plenty of room for further 
research. 

The definite accomplishments that have been made through 
research are as follows: 

Addition Agents for Copper Electrotyping Solutions. We have 
already mentioned the work accomplished at the Bureau of 
Standards prior to the research activities of the International 
Association of Electrotypers. During the past year our research 
associate, working at the bureau, has made an extensive study 
of the use of addition agents in copper solutions, the purpose of 
which is to permit more rapid deposition. The results showed 
that by adding to the solutions a small amount of phenolsulphonic 
acid much more rapid deposition can be employed. Further- 
more, the deposit produced from such addition in the solution 
presents a much harder shell having a finer crystal structure. 
As a result of this work many plants are now depositing the re- 
quired thickness of copper in about one-half the time formerly 
used. This is a notable advance. 

Nickel Electrotyping Solutions. The industry experienced 
considerable trouble with nickel solutions, and the reason for 
the difficulty remained pretty much of a mystery until a study 
of this matter was made. It was found that a very simple solu- 
tion, with only two constituents, yielded more satisfactory results 
than many of the somewhat more complicated solutions being 
used. The results of this study were published by our associa- 
tion.*2 Some interesting and beneficial work was done also in 
the control of acidity in nickel solutions. 

Graphite for Electrotyping. Since graphite is very important 
to the electrotyping process and is used in two separate opera- 
tions, a study of its properties was made, and tests were devel- 
oped for determining the suitability of graphite for this industry. 
The results were published by the association and were incorpo- 
rated in tentative specifications which are now accepted by most 
dealers in graphite.** Hence, the quality of graphite used in the 
electrotyping industry is much more uniformly satisfactory than 
previously. This was a real contribution. 

Application of Chromium Plating to Electrotypes and Stereo- 
types. The Bureau of Standards has done research work in 
chromium plating and has published a paper** that concisely ex- 
plains the practical commercial operation of a chromium-plating 
solution and describes the methods used in chromium plating the 
intaglio plates used for printing the United States currency at 
the Bureau of Engraving and Printing. Starting with the in- 
formation contained therein as a basis, and with the help of 
Dr. Blum, some members have adapted it to their own needs by 
some modification of the recommendations contained in this 
paper, and are now producing chromium-plated electrotypes and 
stereotypes. The plating is done on plates having either copper 
or nickel surfaces. 


42 Nickel Electrotyping Solutions. 

43 Graphite for Electrotyping. 

44 Electro-Deposition of Chromium From Chromic Acid Baths, 
Technologic Paper T-346. 


tals 

She 
By 
4 

| 

| 

] 


108 TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


The foregoing lists and outlines the research work done under 
the auspices of the International Association of Electrotypers in 
collaboration with the Bureau of Standards at Washington. 

There has been some work done by individual members from 
time to time on their own account. Prior to the war it was neces- 
sary to use ordinary sheet lead for lead molding, and because the 
sheet lead oxidized readily it was necessary to scratch-brush 
and then polish the surface of the lead with a solution of oil and 
graphite. This solution removed the oxide and enabled the 
electrotyper to make a more perfect mold. 

A member plant, during the war, conceived the idea of coating 
the lead with tin in order to eliminate the necessity of scratch- 
brushing and polishing. Tin, not oxidizing readily, did not re- 
quire seratch-brushing. Depositing nickel on the tin face, how- 
ever, presented a new problem. It would not later release prop- 
erly. A chemist engaged by our member plant suggested wash- 
ing the surface of the tin-faced lead mold with a solution of so- 
dium bichromate before hanging in the electro-deposition tank. 
The bichromate forms a thin film between the nickel deposit and 
the tin-coated lead, permitting the shell, after the complete de- 
position has been made, to be released without sticking. The 
lead furnished by the manufacturers today, however, is of such 
improved quality that it is no longer absolutely necessary to use 
the tin-faced lead in order to produce fine results. Consequently, 
there is not so much tin-coated lead used today as there was a 
number of years ago. - 

The International Association of Electrotypers does not include 
stereotypers as such, though many of our electrotyping members 
do this kind of work. We know of no organization or group 
research that has been done in this field, although here again one 
of our members has conducted for the past 13 years a somewhat 
intensive study of the subject from the matrix end. He so treats 
the matrix paper blotter that after it is dried it can be stored 
for any number of years. A half-hour before use it is run through 
a dampening machine, the moisture making it very pliable. In 
fact, it is plastic, permitting a mold of extreme fineness. 

In newspaper publication improved and time-saving methods 
have been introduced in stereotype casting, but if there has been 
any improvement in the method of stereotype casting in job 
shops, we are not aware of it. 

Before passing on to present activities, it is worth while to 
note the probable monetary saving that research has accom- 
plished for the industry. It has been estimated by one qualified 
to know that as a result of our research studies there is a saving 
to the industry each year of something over two hundred thou- 
sand dollars. If that figure be at all erroneous or susceptible to 
criticism, it is only because of its extreme conservatism. Many 
others just as qualified as our estimator here mentioned have put 
the saving at twice that figure. All this has been accomplished 
at an expense of approximately ten thousand dollars per year, 
including an estimation of the money expended by the Govern- 
ment through the Bureau of Standards. Our research findings 
are not only distributed to our members, but to the industry as 
a whole and to any others who may be interested. Among the 
present research studies are the following: 

Register of Color Plates. The present research work just 
inaugurated by our research associate and Dr. Blum at the Bureau 
of Standards will be of interest to all printers and press builders. 
It directly concerns them. We have undertaken to study the 
cause and/or causes of the shrinkage or stretch of electrotypes. 
All of us know of the difficulty sometimes experienced, particu- 
larly in color work, in the register of plates, be they flat or curved. 
A failure to register may be due to an actual difference in the di- 
mensions of the plates, or to defective presswork, or to maladjust- 
ment of the press itself. Sometimes the trouble is inherent in 
he building of the press itself. A special gage for measuring 


flat and curved plates has been designed and some measurements 
have been made, but the work on this problem has just started, 
consequently it is much too early to state what conclusions may 
be reached. The problem is a vast one. There are so many 
possible variable factors to be considered, tested, and then con- 
trolled. 

Next we come to a number of problems that have been upper- 
most in the minds of electrotypers for many years. Some of these 
matters have already had considerable thought and work ex- 
pended upon them. They still remain as problems for the future 
to solve. Here is a list of research problems for the future, 
together with a statement explaining each problem. 

Molding Wax. Molding wax is compounded from materials 
oftentimes bought from different sources, with the possibility of 
any one or all of its component parts varying, thus engendering 
considerable trouble. We are looking forward to the possibility 
of securing a more suitable molding composition. An ideal com- 
pound would be one that would be a conductor of electricity, 
thus eliminating the disagreeable and sometimes unsatisfactory 
task of black-leading which is necessary to put a conductive film 
on the wax mold. Nothing better than the present composition, 
the base of which is usually ozokerite, has been developed to date. 

More Efficient Means of Applying a Conductive Film to the 
Mold. Many have struggled with the problem of obtaining a 
better conductive film than we now have, or with the problem 
of developing a better means of applying the graphite which is 
at present in such general use. This would be a considerable 
advance to the industry. Of course, if a molding material was 
developed that was in itself a conductor of electricity, graphite 
would automatically cease to be a problem. If that cannot be 
done, it is thought that a substitute for graphite would be 
more welcome to the industry than merely a better method of 
applying the same. The use of graphite in black-leading in order 
to supply a conductive film is not only extremely wasteful, 
but in a large plant takes up considerable floor space, time, and 
labor. 

New Means to Perform the Casting Process. A great improve- 
ment would result in the finished plate if a new method could be 
found to do the casting (possibly mechanically) and at the same 
time avoid the distortion of the cast shell. This tendency to 
distort must at present be watched very carefully. Much of the 
actual finishing done today is necessary to correct defects caused 
by the molding and casting operations. 

Improvement of Finishing Equipment. During the past few 
years our supply manufacturers have given us a number of im- 
proved machines to take care of the finishing operation. We are 
looking forward to still greater improvements to further reduce 
the manual labor required in finishing, and at the same time 
produce the extreme accuracy required in the finished plate. 
We are not forgetting that any accomplishment along this line 
depends to a great extent upon better molding and casting prac- 
tices. 

More Suitable Backing Metal.—We are continually looking 
forward to the possibility of obtaining a better backing metal. 
The present formula, which is more or less uniform throughout 
the industry, consists of 93 per cent lead and either 3'/, per cent 
tin and 3'/, per cent antimony or 4 per cent tin and 3 per cent 
antimony. It is the best that metallurgists have been able to 
develop for our purpose. No improvement over this formula has 
been developed, though much research work has been done along 
this line. The practice of die casting has been attempted and 
also the spraying method has been tried. Neither has proved 
successful. Any new metal obtained must have a lower melting 
point than either nickel or copper and must also be pliable enough 
to curve. : 

More Suitable Blocking Material Than Wood. The extraordi- 
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narily good wood base, the best close-grained, well-seasoned hard 
lumber that can be found is no proper thing to subject to the 
necessary printing pressure that we have in modern printing from 
electrotype plates. The variability in the dimensions of the 
wood base because of changes in the humidity and temperature 
of the atmosphere many times ruins printing results, and be- 
cause of no fault of the electrotype itself. Here is a large field 
for the investigator, to either find a substitute for wood for block- 
ing purposes or some method of treating the wood to prevent 
shrinking and warping. At present the only safe and satis- 
factory method is to use a patent base. The electrotyper cannot 
take any responsibility whatsoever for the results of a fine print- 
ing job where the plates are ordered mounted on wood. 

Lead Molding. Though the lead-molding process was in 
itself a great advance for the industry in the production of the 
best type of fine-screen halftones, further research concerning 
this method may overcome one of lead molding’s definite limita- 
tions. Molding halftones in lead requires enormous pressure, 
and it is often necessary to use a force of 2000 tons on a 23-in. 
ram in order to get desired results. This is another reason why 
experimentation and research have been carried on and should 
be continued in an effort to find some other material for making a 
facsimile without all of this pressure. Commercially it has never 
been practical to lead-mold type, as type metal will not withstand 
the tremendous pressure necessary. We are looking forward to 
the development of some method that will enable us to combine 
type and halftones and to mold them in lead together successfully. 
The only way we can do it today is to make a wax-mold electro- 
type of the type and combine it with the original halftone. This 
is done in a number of ways. 

Much good could be accomplished by research looking toward 
some sort of standardization of the different printing cylinder 
diameters. A commercial electrotyper may be required to fur- 
nish plates to fit printing cylinders with as many as 15 or 20 
different diameters. In addition, he is often called upon to 
furnish, for the same size cylinder on the same make of press, 
plates of three or four different thicknesses. We do not under- 
stand why printers when ordering plates for the same class of 
work under identical conditions will vary 0.007 in. in their speci- 
fications. It is not unusual for electrotypers to have to furnish 
plates, where the same make of base and the same make of press 
are used, anywhere from 0.152 to 0.159 in thickness. 

While there has been no opportunity to investigate the need 
for these various sizes and thicknesses of plate, it is at least prob- 
able that careful consideration would permit a reduction in the 
number of cylinder sizes and a standardization in the thicknesses 
of printing plates which would be beneficial to both the electro- 
typing and printing industries. 

Some printers claim that they must allow for underlaying. We 
have sufficient knowledge to know that there is really no good 
reason for making an underlay for a plate. The practice surely 
is unscientific, and we cannot believe that it is necessary where 
the printing cylinder diameters are known exactly, the printing 
plates are made of the proper thickness, and a patent base is 
used. At the present time any good electrotyper can and does 
make plates that require no make-ready on the back of the plate. 
Printers using plates that are exactly type-high on a patent base 
are getting the best results. Some sort of standardization along 
this line would save money for both the electrotyper and the 
printer. If the electrotyper was taken into the confidence of 
the press builder, probably some serious headaches could be 
avoided for the printer when later he installs that press. 

Research to determine the proper height of a patent base and 
the angle of the bevel at which a plate must be shaved to fit the 
clamp or hook of the base will be another forward step. The 
height of patent bases and the angle of the clamp vary considera- 
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bly. Electrotypers are interested in these problems, inasmuch 
as they vitally affect results obtained when printing from electro- 
types. It might be interesting to point out that one of our 
members has lately reported that a customer of his, a printing 
concern, had installed six rotary presses from one manufacturer, 
supposedly all alike. No two of these presses took plates of the 
same thickness. Whoever furnished these presses should have 
stopped to think what trouble they were breeding for themselves 
and for the printer, if he undertakes to transfer a set of plates 
from one to the other of the presses. To suggest that the curved 
plates could be made sufficiently thin so that they could be used 
on any press, and then to underlay for the other presses, is a 
little unsound. As just pointed out, we all know the trouble 
that comes from underlaying plates amd know that such a sug- 
gestion would be the most unscientific and unworkmanlike propo- 
sition that could be advanced. 

Our research work will continue to goon. There are many prob- 
lems that are strictly our own. Our molding wax, our graphite, 
our solutions, and such other things are matters that do not 
affect the buyer and user of electrotypes directly. Of course, 
as improvement is made along these lines, a better plate results. 

On the other hand, there are other problems that directly and 
vitally concern the printer who uses electrotypes and the press 
builder who builds the printing presses. Matters concerning 
cylinder diameters that have to do with the curve of the plate 
and the thickness of plate which is suitable for any given press, 
the unsatisfactory condition of using wood as a blocking material, 
standardization of the height and angle of plate bevel on patent 
bases, the register of color plates—these and like problems call 
for intelligent cooperation on the part of numerous divisions of 
the graphic arts industry. 

All of us know that much work and research have been done 
in trying to make printing plates out of Bakelite or Condensite. 
Also, there have been attempts to make satisfactory plates from 
rubber, celluloid, and other materials. However, there has not 
come to our attention anything of note along this line for the 
production of long-run, high-grade, flat and curved color work 
in the letterpress branch of the industry. We feel that the elec- 
trotype still holds forth the most promise and that the best re- 
sults in the immediate future lie in research that will produce a 
still finer and more adaptable duplicate printing plate. 

We welcome such an opportunity as has been presented by 
this conference. We are in accord with the spirit that has 
prompted the assembling of these technical experts here, because 
it is only through coordinated research that these problems can 
be solved. We need no longer work at cross-purposes, for it is 
time the printer and the press builder took the electrotyper into 
their confidence. We are ready to do our part; ready to cooper- 
ate in a coordinated and interrelated attack upon the technical 
and research problems of the graphic arts industries. 

We electrotypers are looking forward to be able to produce for 
the letterpress branch of our industry a finer duplicate printing 
plate at less cost. It can be done only through research—the 
sort of research that has proved of so much value to every 
industry that has attempted it. 

Before closing, it may be well to say something in the way 
of explanation and description of this association. It was 
organized 31 years ago. Since that time the membership has 
increased greatly in numbers, in strength, and in influence, so 
that today the membership of the International Association 
of Electrotypers of America comprises about two-thirds of the 
electrotyping foundries of this country. We also have members 
in Canada, England, France, and Australia. 

It has been estimated that the association membership em- 
ploys about 75 per cent of the labor engaged in electrotyping 
and produces about 90 per cent of the finished product. 
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What Research Can Do for the Bookbinding 
Industry 


By ROY C. BAKER,* BOSTON, MASS., anp F. R. BLAYLOCK, ** 
WASHINGTON, D. C. 


In applying organized research to the bookbinding industry the 
phases that are being considered are the quality of materials, the 
purchase of materials, the manufacturing problems, and the sales. 
The Research Division supplies a label for all approved products. 
A research engineer is at work in the Government Printing Office 
laboratory investigating and trying to solve the problems confronting 
the bookbinding industry. 


HE Research Division of the Employing Bookbinders of 
i America is just starting its career, and it is not possible 
to give a report of what it has done for the bookbinding 
industry. However, we are optimistic, and in outlining our 
program of research we feel very sure that most of the ideas will 
have become actual facts before another year. 
In applying the principles of research to bookbinding, the fol- 
lowing phases of the business have been considered: 


(1) Research as applied to quality of materials 

(2) Research as applied to purchase of materials 
(3) Research as applied to manufacturing problems 
(4). Research as applied to sales. 


Materials used in the bookbinding industry constitute about 
one-half of the cost of manufacture, and therefore this is one of 
the first items to be considered in setting up a program of opera- 
tion. Most materials are purchased without definite specifica- 
tions, with the result that no definite qualities or prices seem to 
exist, the slogan of the manufacturer in many cases being, 
“Get what you can.”” A plan to correct this situation will be 
put into operation by the Employing Bookbinders of America. 
The Research Division will issue an approval label, which will 
be given to any manufacturer of bookbinding materials who will 
agree to the following rule: ‘That he will mark or brand his 
goods with the specifications of the same, items of specifications 
to be designated by the Research Division of the Employing 
Bookbinders of America.” 

The Research Division does not intend to pass on the quality 
of materials offered under this label except to see that they are 
truthfully marked. The individual buyer will determine the 
fitness of the material for his purpose. 

It will be understood by the manufacturers that goods bearing 
the approval label will be subject to technical tests, and it will 
be further understood that if any case of wilful misbranding is 
discovered the facts will be reported to the members of the Em- 
ploying Bookbinders of America. 

The time is too short to go into actual details of carrying out 
this program except to mention one item. A great deal of gold 
leaf is used in the bookbinding industry. It is purchased by the 
pack and branded under several names, such as Double X, 
Extra Deep, etc., which mean nothing to the bookbinder. The 
karat content varies from 16 to 23. The Research Division will 
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require that gold manufacturers using the approval label mark 
each pack with the karat content of the gold contained therein. 
The bookbinder is at liberty to buy the quality of gold he wishes, 
and he gets just what he paysfor. Other materials will be treated 
likewise. 

Since the membership of the association, which constitutes about 
75 per cent of the industry in this country, will naturally buy 
approved goods, this plan puts a strong power in their hands. It 
will be of great benefit to them and also to reputable manufac- 
turers. 

However, the plan outlined is but a step in the research pro- 
gram. By getting the industry acquainted with the specifica- 
tions of materials, it will be very easy to educate the individual 
members to use more uniform materials. This will lead to the 
adoption of definite specifications for all materials purchased. 

To secure maximum production with modern equipment, it 
is important that all material used be of uniform and proper 
quality. The results of similar research in other industries have 
clearly demonstrated the value of technical specifications and 
tests for all materials purchased. The value to the bookbinding 
industry of technical specifications for controlling the quality of 
verious materials cannot be overestimated. Standards of qual- 
ity in purchases and production are just as important to the book- 
binder as to any other manufacturer. 

The laboratory will greatly aid buying by setting standards by 
which one grade of material of equal quality may be produced by 
more than one manufacturer of binding material. The real 
quality of binding materials cannot always be insured by faith 
in the source of supply, however good that source may be. The 
intentional imposition upon the purchaser, errors in manufac- 
ture, and the temptation to weaken the quality must all be taken 
into account. The laboratory acts as a check upon the manu- 
facturer and insures a proper grade of material. It is the place 
to which we must look for the bare truth as to what we buy. 
Tests may disclose the fact that the article represented to be flax 
is only hemp; that bookcloth purchased for a certain thread count 
is for below quality and low in tensile strength; that these de- 
ficiencies may be covered by a finish that deceives both the pur- 
chaser and the ultimate consumer. The laboratory helps the 
manufacturer and the seller of binding materials to know the 
truth regarding these products. It enables them to work hand 
in hand with the bookbinder who wishes to sell his product for 
what it purports to be. 

By instaliing a research engineer in the Division of Tests and 
Technical Control of the Government Printing Office, we have 
the means of investigating and solving the problems which con- 
front the bookbinding industry. 

What are some of the more important problems that the 
modern bookbinder has in his bindery? If a list of such prob- 
lems were compiled, we would find that they were extensive and 
varied. We would discover that he wants knowledge regarding 
binders board, bookcloth, end sheets, adhesives, sewing thread, 
stitching wire, cutting knives, the effect of long drying of books 
under the pressure, humidity conditions in the bindery, and other 
items too numerous to mention. He is interested in the quality 
of the material used in his bindery and in the price he must pay 
for the same. He would like to know more about the salvage 
of waste material and of its disposal at a profitable figure. He 
would desire knowledge regarding the value of establishing 
definite specifications for what he buys and the effect this will 

have upon his costs. In fact, he is interested in anything that 
will enable him to reduce costs, turn out a better book, or improve 
operating conditions. In other words, his field of research is 
almost unlimited and has hardly been touched. Our research 
engineer also conducts tests on materials submitted by members, 
and we also are able to report on new machinery offered to the 
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trade. This machinery will be tested under actual operating 
conditions. 

The adoption of definite specifications for all materials pur- 
chased will lead to the most important part of the constructive 
program—namely, cooperative buying. The education of the 
bookbinders to use uniform materials is but a step from pooling 
requirements of certain materials for a year and obtaining com- 
petitive bids for these items. Under these conditions manufac- 
turers can quote lower prices for a uniform product. Lower cost 
of manufacture, less sales expense, and less distribution cost all 
tend toward lower prices. 

Research in connection with the sale and distribution of com- 
modities has proved of utmost value to various industries. The 
bookbinding industry will derive great benefit by working 
with the publishing houses with the idea of creating a demand by 
the public for more and better bound books. The tendency 
of the day should be to create new business which will benefit 
the whole industry and to do away with the old-fashioned com- 
petition which consists to a large extent of the mere exchanging of 
customers. 

While research as applied to an industry can be painted in 
glowing terms, we have been very careful to warn our members 
that it is not a surcease to their difficulties, and beneficial results 
are obtained only by painstaking effort and careful consideration 
of the subject. 


Limitations of Standardization and Research 
in Ink Making 


By EDWIN M. Van DYCK,‘ NEW YORK, N. Y., ann DR. 
WALTER W. MOCK,* NEW YORK, N. Y. 


In the introduction the authors present certain statistics relating 
to the printing-ink industry. This is followed by a discussion of 
the limiting factors in standardizing raw materials, finished inks 
containers, and cost system. In the second part of the paper, re- 
search and its accomplishments in ink manufacture have been 
portrayed, past and present, while a hint is given as to the probable 
course of future research problems. 


facturers, representing an industry valued at $20,000,000 

and having an estimated annual output of $45,000,000 worth 
of goods. On a per capita basis, each person is directly or indi- 
rectly responsible for the manufacture of a little less than two 
pounds of ink, an index of our civilization. This chemical in- 
dustry, therefore, is not merely incidental, but, on the contrary, 
is one of importance. Prior to 1840 very little ink was made 
within our borders. However, there are several companies that 
were organized before 1840 that are still in business. Today, the 
annual output is estimated at 225,000,000 Ib. 


[: THIS country there are more than 150 printing-ink manu- 


SPECIALIZATION, THE FORERUNNER OF STANDARDIZATION 


The foregoing statistics, it is felt, will assist in visualizing our 
industry and obtaining a more intimate picture of it. We are 
far from the day when the printer made his own ink, for the 
reason that printing has so many ramifications, and the printer 
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today is a specialist. In like manner, the ink maker has become 
a specialist. To be more explicit, one printer is equipped to do 
job-press work only; a second can handle only gravure work; 
while a third is limited to lithography. Few printing plants 
are in a position to do all types of printing, and if they are so 
situated, the plant is invariably departmentalized. The same 
condition exists in the ink-manufacturing industry. 

Specialization, therefore, has made standardization the theme 
and goal of the activities of the printing-ink manufacturers. 
There is much to be said and still more to be desired on this sub- 
ject. Let us see what phases of this industry lend themselves 
to standardization and how far standardization has progressed 
in each phase. We shall consider raw materials, finished inks, 
containers, and cost systems. 


STANDARDIZATION OF Raw MATERIALS 


Raw materials fall into two general classes—varnishes and 
dry colors. The varnish is that component of the ink which is 
liquid or semi-liquid. The list of varnish materials used in vari- 
ous inks is long, the more important items being linseed oil, 
soya-bean oil, perilla oil, chinawood oil, various petroleum oil 
fractions ranging from gasoline through the lubricating frac- 
tions to tar residues, coal-tar solvents, rosin and its oils, glycerin, 
water, etc. Practically every varnish material can be purchased 
on specifications, specifications which can be expressed numeric- 
ally. So far there is no confusion. The manufacture of these 
varnish raw materials into usable printing-ink varnishes gives 
birth to terms which have meaning to one plant, but which are 
of no moment to any other. To illustrate, what one plant may 
describe as No. 1 Linseed Varnish may correspond in viscosity, 
color, and acid value to what another plant calls No. 3 Linseed 
Varnish. As varnishes made from linseed oil form the bulk of 
varnishes used in the better grades of ink, it is easy to see the 
advantages of having varnishes expressed in terms that are com- 
mon and meaningful to all. It is our belief that varnishes can 
be standardized on the basis of viscosity, color, and acid value. 

Dry colors do not present a better spectacle. Consider chrome 
yellows, which are lead chromate and which find wide application 
in this industry. By varying the acidity or alkalinity of the 
solution in which lead chromate is precipitated, it is possible to 
obtain shades of yellow ranging from the light-green shades to 
the orange shades. By examining samples from the various dry- 
color houses it will be found that there are about one hundred 
different shades, bearing as many different names. This same 
state of affairs applies to other classes of pigments, such as pig- 
ment scarlets, eosines, lithols, ete. The reason for this multi- 
plicity of nomenclatures is not hard to find, for if you will look 
up the Color Index you will find Lithol Red No. 189, for example, 
listed as Monolite Red R, Signal Red, Lithol Red, Lake Red R, 
and Fixed Lake Red R, each manufacturer christening it with 
a name evidently intended to trademark his product. Here is 
a splendid opportunity for the dry-color manufacturer to stand- 
ardize colors, strengths of colors, and nomenclatures. 

In the past it has been the policy to assign names to pigments 
with the very evident intention of concealing their true identity— 
a hangover, if you please, of the alchemical period. Consider 
some of these terms: Berlin Blue, Paris White, Pasadena Orange, 
Fanchoon Maroon, Sky Blue, Liberty Red, Windsor Red. What 
we are insisting upon are names that are associated with,the 
chemical composition of the dry color. For purposes of con- 
venience and education, in the company with which the author 
is associated, all dry colors are grouped into families based on 
the chemical composition of these colors. 


STANDARDIZATION OF INKS 
And now a word as to the finished products, inks—and what 
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a list!) There are lithographic, process, halftone, web-press, job, 
intaglio, news, and several dozen more types or families. The 
ink maker finds himself playing three parts—that of doctor, the 
druggist, and even the nurse. He prescribes and compounds 
the ink for this and that job. The author does not wish to convey 
the idea that every job is different from every other one and re- 
quires special prescription, but that there are many factors to 
be taken into consideration in compounding an ink for a par- 
ticular job. Some of the more common factors are color, trans- 
parency or opacity, permanency, body, press, paper, weather, 
finish, and rate of drying. Keeping these factors or variables 
in mind, it is not difficult to perceive what a problem the ink 
maker has in standardizing his finished ink. Yet we have in a 
measure succeeded by making a standard line of inks which 
are thought to be varied enough to cover the normal require- 
ments of the printer. These inks can be further manipulated 
by the pressman to suit the particular requirements of his job. 

In the newspaper field there are relatively few inks, yet the 
yearly consumption of news inks outranks the consumption of 
any other type of inks. It can be said without fear of contra- 
diction that news inks as a class have approached the goal of 
standardization closer than any other class of inks. Not more 
than twelve standards need to be made by any manufacturer to 
meet the requirements of all types of newspaper presses, whether 
slow or high speed. Yet we must not get the impression that all 
news-ink manufacturers are unanimous as to the specifications of 
formulas. 

The newest member to the printing fraternity is intaglio or 
rotogravure printing, employing a type of ink quite different in 
construction from either news, letterpress, or lithographic inks. 
And how far has standardization of inks progressed in this field? 
Some strides have been made, but the limiting factor is the wish 
of the printer or publisher for individuality. It is the desire to 
be “different’’ that prompts one publisher to select this shade 
and finish and another publisher to demand a slightly different 
shade and finish. 

Thus we have reviewed the degree to which standardization of 
printing inks has progressed in the several fields of printing, and 
we subconsciously feel that there is a limit to which inks can be 
standardized. The ink manufacturer keenly welcomes stand- 
ardization, but his endeavor in this field is limited by the printer, 
publisher, and artist. In so far as the printer can assist the ink 
manufacturer in establishing standards, that far will the printer 
benefit by receiving better quality and superior service. 

One rather bright spot in this search for the ideal is the work 
of Mr. Arthur 8. Allen, who is endeavoring to crystallize the 
views of most of the industries represented here on four standard 
process inks—red, yellow, blue, and black. A book on “Standard 
Process Colors’’ will be issued within the next year. In England 
great strides have been made in coming to a sensible understanding 
of process colors. A joint committee consisting of the Master 
Printers, Process Engravers, and Ink Makers, after a series of 
experiments, have adopted a standard yellow, red, blue, and 
black which are to be used in all process printing. These inks 
answered the requirements set up by the Master Printers. 


STANDARDIZATION OF CONTAINERS 


Experience proves the need for the standardization of contain- 
ers. An incident is recalled in which a printer complained about 
the tin can in which the ink was shipped to him as it did not 
fit his stockroom shelf. While this story may appear humorous, 
it does carry a moral. The variety of news-ink drums in use— 
30-gal., 55-gal., 65-gal., and even 110-gal., with openings of 
*/,in., Lin., 1"/2 in., and 2 in.—is too great and needs correction. 
it is suggested that the printing-ink manufacturers appoint a 
committee on standard containers. 


Past ACCOMPLISHMENTS OF RESEARCH 


In the past the research activities carried on in the industry as 
a whole were rather spasmodic and of an immediate nature; that 
is, some particularly pressing problem would present itself, and 
all hands in the laboratory, even the plant superintendent, would 
undertake its solution. Research thus conducted is following, 
rather than leading, the industry. Yet withal, some outstanding 
developments were made, such as the introduction of new dry 
colors, lithol red, and alkali blue, the perfection of new types of 
inks, such as intaglio inks and water colors, and the removal of 
grit from news inks. 


RESEARCH AND THE PRESENT 


Today research in inks is becoming more aggressive. Why? 
The printer is requiring inks which must meet definite specifica- 
tions, in contradistinction to conditions of past years when the 
types of inks were comparatively few in number. Due to the 
general change in merchandising and distribution methods— 
i.e., from the paper-bag method to the printed-package method 
—inks have been used to add to the attractiveness of packages, 
and new types of ink were required to meet these new conditions. 

The formation of large printing-ink companies has provided 
facilities for considering pure research problems which could not 
be undertaken before by the smaller companies. 

Let us observe what research is accomplishing. 

It is recording the important chemical and physical properties 
of pigments, such as their composition, water bleed, proof- 
ness to mild and strong alkali, soap, grease, paraffin, butter, 
cheese, alcohol, baking, and their permanency both indoors and 
outdoors. 

It has determined the proper extenders for poster colors. 

It is now engaged in deodorizing and reodorizing inks. De- 
odorization of inks is desirable when inks are used on food wrap- 
pers. Reodorization is relatively a new fancy, and how far it 
will get we do not know. The idea in reodorizing an ink is to 
impart to it some particular, pleasing odor intended to appeal 
to our olfactory sense, just as color appeals to our eyes. 

Research is investigating, the cause for the loss of drier in cer- 
tain inks. It has frequently been noted that certain inks, when 
freshly made and containing the proper amount of drier, dry 
satisfactorily, but upon standing for a month or more lose their 
drying power. 

Research is endeavoring to limit the so-called “flying’’ or 
“spraying” of news ink on high-speed presses. 

Research has perfected a system of qualitative analysis in 
which it is possible to take several square inches of printed matter 
and determine the pigments which comprise the color in the print. 

Research is widening the application of inks; that is, it is con- 
stantly developing new inks for printing on cloth, wall paper, 
cellophane, and for new printing processes. 

It is standardizing laboratory procedure. 

In the gas field in Louisiana and Texas it is seeking means to 
increase the quality and yield of carbon black. 

In dry colors new methods for increasing the fineness of pig- 
ments are being uncovered. 

But research is not only engaged in improving products, but 
much effort is being spent on machinery. Up to several years 
ago the three-roller mill was the principal type of grinding equip- 
ment used. Today for certain classes of ink the four- and five- 
roller mill finds general application, and for other types of ink 
the colloid and ball mill. 


RESEARCH AND THE FUTURE 


And what is the outlook for research in the future? We pre- 
dict a new type of ink for newspaper printing—an ink that 
can be destroyed chemically to make possible the reclamation 
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of the paper stock. Many patents have already been issued on 
news inks possessing this quality, but the economic factors are 
not ripe, as the cost of collecting old news stock in order to re- 
claim it as news stock is much greater than the cost of virgin 
paper made from our vast supply of lumber. 

Research, through contact of the individual, should bring about 
a closer fellowship between the machinery and press builder and 
the ink makers. How often have we ink manufacturers seen a 
new press designed and built with very little thought as to the 
ink problem. Let us get together. 

In the dry-color field we predict new and cheaper methods for 
producing certain very fast colors, already known, but whose use 
is limited today on account of cost. 

In varnishes, new printing mediums will be added to the al- 
ready long list. 

CoNcLUSION 


In conclusion, the authors have attempted to show to what ex- 
tent standardization has progressed in several departments of 
the ink industry, in raw materials, in finished products, in con- 
tainers, and cost system. Furthermore, it has been shown that 
research, although not accented very much in the past, today is 
a leading force in ink making. Like any other department in 
industry, the research department must pay its way, but the 
field for new developments is so broad that it is felt the future is 
one of promise. 


What Research Has Done in Paper Making 
and Using 


By J. NEWELL STEPHENSON,#® GARDENVALE, 
QUEBEC, CANADA 


This authority carries the results of research through all the paper- 
making processes and shows that it has been adopted and well 
carried out by the manufacturer. Elaborate research laboratories 
are maintained at leading pulp mills to turn out a product that will 
meet the many and changing demands of the printing industry. 


HE subject of this paper is one that should be of real in- 

terest to a convention of technical men in the printing 

industry. To start with, we should be agreed as to just 
what we are talking about—pulp and paper and research. Pulp 
is logically the first to be mentioned. 

By pulp, we almost always mean wood pulp; and wood pulp 
is of several different kinds. In the first place we have both me- 
chanical pulp and chemical pulp; and of chemical pulp we have 
three kinds—sulphite, sulphate, and soda. To look back on 
what we have seen accomplished in 25 years is to marvel at the 
development in machines, methods, and materials and in the 
improvement in the conversion products resulting from these de- 
velopments. And the change that has taken place in the last 
five years is as great as, if not greater than, the progress of the 
previous twenty. We can truthfully say, I think, that the great 
development of this industry has been due to the appreciation of 
men with scientific training and technical ability. And the result 
of their work in pulp and paper has been reflected in a score of 
other industries. Even better printing is a result of better paper. 
This goes back to better quality of pulp; but the pulp mill is 


* Editor, The Pulp and Paper Magazine of Canada. 

Presented at the International Conference of the Technical Experts 
in the Printing Industry on the Need for Research, called by the 
A.S.M.E. Printing Industries Division at the Carnegie Institute of 
Technology, Pittsburgh, Pa., November 7 and 8, 1929. 

Nore: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 


also the origin of wall board, movie films, quick-drying varnish, 
and rayon goods. 

The reason is research, training research men, convincing the 
management of the value of research, putting research to work 
in studying materials and methods, and putting the results 
to work in the design of equipment, control of processes, classi- 
fication of products. 


GrRouNDWoop PULP 


Groundwood pulp, or mechanical pulp, is, briefly, a block of 
wood held by pressure against a revolving grindstone and the 
fibers thereof rubbed off and washed away in a stream of water. 
These fibers are later classified by screening so as to result in a 
uniform mass of wood fibers—partly in condition of individual 
fibers, partly in small bundles, and partly in broken fragments— 
the proportion of products, and the adaptability of it for various 
kinds of paper products. For most purposes the groundwood 
fiber is considered as a filler, and therefore the more uniform and 
fine the fiber is prepared the more uniformly composed will be 
the paper made from it. 

Since the principal ingredients of groundwood pulp are seen 
to be the raw wood, from which only the bark has been removed, 
and the power required to grind it, this pulp is used only in the 
cheaper products. This use of groundwood is further determined 
by the fact that all of the ingredients in the wood are retained in 
the pulp, and some of these ingredients are not very permanent. 
It is the changes that we find in some of the ingredients of ground- 
wood pulp that are the cause of yellowing and weakening of news- 
print and other papers containing large quantities of groundwood 
fiber. Newsprint paper contains from 75 to 80 per cent of ground- 
wood pulp, some book papers contain nearly as much, while some 
papers contain only a small proportion. 

Some other products containing more or less of groundwood 
pulp also require to be printed on; but since printing is inci- 
dental to the manufacture of such things 'as wrapping paper, 
paper bags, and boxboard, the printer usually has to take these 
products as they are and make the best use he can of them. It is 
possible, however, in many cases, to anticipate the printer’s re- 
quirements and assist him in doing a better job with his printing 
press. 


SuLpHITE 


It was mentioned that groundwood pulp was used largely as 
a filler in the manufacture of paper. The principal ingredient 
of such papers, from the point of view of strength, is sulphite 
fiber. This is prepared by the cooking of wood chips in a solu- 
tion of bisulphite of lime which is prepared by burning sulphur 
and passing the gas into a tower containing limestone, over which 
water comes down in a shower. The acid solution prepared by 
the combination of sulphur dioxide, lime, and water, is introduced 
with the chips into a large digester, and steam is introduced to 
bring the temperature to about 130 deg. cent. If the tempera- 
ture rises toc high, some of the fibers will be destroyed, and if the 
temperature is not sufficiently high, or if the cooking is not carried 
out long enough, the chips will not be sufficiently cooked, and we 
shall then have bundles of fibers that will not interweave properly 
to make well-formed sheets of paper. 

These fibers of sulphite pulp must be of suitable quality for 
the various kinds of paper into which they are to go. When we 
can consider that the range of these papers includes board, wrap- 
ping, bag, newsprint, book, magazine, bonds, and the paper used 
as a base for coated paper, we can readily see that very careful 
control of process must be maintained. Control of the process 
goes back to a very careful analysis of the raw materials and the 
constant use of accurate testing instruments to keep track of 
the process all the way through. 
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Not only must we consider the varieties of paper with regard to 
the strength of the sulphite pulp we are making, but we must also 
consider that, for some of these papers, it will be necessary to 
bleach the pulp. That brings in another complication, since the 
bleaching process will react quite differently on pulps that are 
cooked differently in the digester. In the whole process of cook- 
ing, we dissolve out from the wood about 50 per cent of its original 
weight and leave primarily a mass of cellulose. This cellulose 
itself is practically the same chemical substance that we find in 
cotton or linen, but the substances associated with cellulose in 
the wood, some of which go on through the process into the fin- 
ished pulp, are quite different, and they react differently to the 
subsequent operation of bleaching and some other later operations 
in the manufacture of paper. It can be seen, therefore, that 
there are such a variety of issues to contend with that the pulp 
mill chemist has a big job on his hands to prepare a material prop- 
erly suited to the kind of product that the paper mill is going to 
turn out. 

Possibly not so much opportunity is presented for research 
work in the manufacture of groundwood pulp; but the ground- 
wood process also requires a very careful control, and much 
research work has been done in the past few years on the effects 
produced on the product by variation in speed of the stone, 
quality of the stone itself, and the relation between the pressure 
and temperature during the grinding process. 


Sopa 


Whereas sulphite pulp gives us primarily a long, flexible wood 
fiber, the soda process gives us a shorter and usually a softer 
fiber. This compares in a way to groundwood pulp, in that it 
forms a sort of filling material in combination with sulphite pulp 
in the manufacture of book and magazine paper. On account of 
its absorbent qualities, it is also largely used in blotting paper. 

Under this same heading we might include sulphate pulp, but 
we shall give it only passing notice here as it is used now princi- 
pally in the manufacture of kraft wrapping and other strong papers 
and boards. Recently, however, sulphate pulp is being bleached, 
and will doubtless in the future form one of the more important 
ingredients in white paper. The significant point is that the sul- 
phate process uses species of wood that are not readily pulped by 
the mechanical or sulphite processes. Extending the use of sul- 
phate is, therefore, a forest conservation measure. 

The manufacture of both soda and sulphate pulp is carried out 
generally in the same manner as sulphite pulp is made, but in both 
cases the chips are cooked in an alkaline solution, the base of 
which is soda. 


OTHER FIBERS 


Among other fibers we should mention rags, because there are 
still some persons who feel that a paper must contain rags if it is 
to have quality. Many of the “de luxe’’ and high-grade printing 
papers have a basis of rag fiber. At the other end of the scale 
we must also consider the vast quantities of waste papers that 
are remade into good printing paper. 

About thirty-five years ago there was a song that said some- 
thing about “sharing each other’s sorrows and sharing each other's 
joys.” This seems to be getting to be the case between the print- 
ers and the paper makers. Last June, Roland I. Drake pre- 
sented a very fine paper to the convention of the American 
Pulp and Paper Mill Superintendents’ Association, and now 
you have asked a paper man to speak to a convention of printing 
experts. Mr. Drake mentioned four determining charac- 
teristics of the suitability of paper for printing. These qualities 
were formation, finish, opacity, and sizing. With the exception 
of sizing, these qualities would apply to any printing paper. 
They do not, however, include all the qualities desired, and we 


might add curl and cleanliness. Porosity and plucking are per- 
haps to be considered as simply other aspects of the qualities 
that have been mentioned. 

As has been stated, research work has been applied to the pro- 
duction of wood pulp, and it also has been applied to the treat- 
ment of other fibers and their preparation for paper making, so 
that the paper maker is receiving a much more uniform and high- 
grade product and a material better suited to his actual require- 
ments than he has ever received before. 

The pulp maker is employing research men and research meth- 
ods in the production of the raw material for the paper maker; the 
paper maker is employing research men and methods in producing 
a more uniform paper—a paper better suited to the requirements 
of his customers; and the printer is using research to determine 
more accurately what he really needs. We can say that these 
three phases of an interdependent industry are linked together 
toward an end that is very much to be desired, and the printer, in 
turn, should be cooperating with the ink man on their common 
problems, bringing in, wherever necessary, the collaboration of 
the paper man. 


RESEARCH IN THE Paper MILL 


It may seem strange to say that, although cellulose has been the 
basis of paper ever since there was such an article, there are more 
men and women at the present time endeavoring to find out just 
what cellulose means than has ever been the case before. It must 
be admitted that we do not even yet know just what cellulose is 
nor how it will react under all different circumstances under which 
it is used or treated in making paper. The progress of cellulose 
chemistry is one of the most helpful aspects of scientific paper 
making. It has been necessary to find out what cellulose is in 
order to know what will take place or what ought to take place 
under certain definite conditions in the process of making it into 
paper. He must know how cellulose will react chemically toward 
sizing, filling, and coloring matter, and also what will happen 
to it when certain mechanical treatments are changed with regard 
to such factors as time, temperature, and pressure. There is 
also the trouble of finding what chemicals, heat, and light will do 
to cellulose, not only as paper, but as a variety of other products. 

I can say that the paper makers are doing their utmost to give 
you the products of their mill that will best fit the needs of your 
printing presses. 

RESEARCH IN THE PRESSROOM 

I think it was George Ade who said, “‘Give the people what they 
think they want.’’ With the introduction of research into the 
printshop the printer is coming to know exactly what he wants, 
and it isn’t a case of think. With his use of research it is possible 
to tell the paper maker exactly what he requires, though there 
are still some printers and some users of printing who specify 
qualities of paper and who even demand certain constituents in 
a paper which do not always agree with what is wanted. I have 
in mind particularly the incident of a board of education that 
requires a textbook to be printed on paper containing at least 15 
per cent of rag fiber. Of course, without specifying the qualities 
of strength, opacity, and finish that the paper itself must have, it 
is only making the paper more expensive to put such a require- 
ment as this in an order. 

The paper maker realizes that you do have problems and that 
they can be classified pretty well to getting a paper that looks well, 
that is strong enough for the purpose required, that has a surface 
suited to the kind of printing it must. take, and that has a body 
and formation that will take the ink with sufficient rapidity and 
not permit printing on one side to show through on the other. 


Goop Instruments Are EssentiaL 
The history of the research in paper making has been largely one 
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of the development of instruments suitable for the measurement 
of the qualities that are required in the product. Incidentally, 
some wonderful instruments have been developed for the control 
of processes. With an instrument that will measure opacity, 
another that will measure porosity, an instrument that will 
measure degree of finish, and another that will measure the sizing 
quality of the paper, the paper maker is anxious to know whether 
his paper is going to meet the satisfaction of the printer. With 
such information at hand, he can control his fiber content, his 
selection of other raw material, and the manufacturing so as to 
get the product that is required. 

If, for instance, we take the quality known as opacity and the 
printer gives the paper maker a definite figure to work on, the 
paper maker, by testing a number of his paper samples, and com- 
paring the opacity tests with his record of the raw material that 
is used and the method of manufacture, will give you as good a 
paper as you want. He will not only choose his fibrous materials 
as to the amount of sulphite and soda pulp or waste papers, but 
he will also choose the right kind of filler and use the correct 
quantity of it. These ingredients will be properly prepared in 
the beater, and will be sized with the right amount of rosin sizing 
under the proper conditions of acidity, which now can be meas- 
ured with extraordinary accuracy by a recently developed method 
of measuring hydrogen-ion concentration. The paper maker 
knows from researches on cellulose the fiber that he is using, and 
he will therefore know how long and how hard to beat his paper 
stock. 

The operations just mentioned and the selection of the proper 
materials are also important factors in the other qualities of 
paper. Not only do they affect the printing qualities, but they 
also affect the cleanliness of the paper which is so important with 
better classes of work. 

But the paper is hardly more than half made when it is thus 
prepared for the paper machine, for at this point many factors of 
manufacture come into play which require the most careful at- 
tention of the paper makers. Not long ago it was thought that 
beating was only a matter of skill on the part of the beaterman; 
but while it is still a matter of skill on his part, his judgment is 
now based on accurate scientific measurement of physical qualities. 

The same may be said of the machine. The operation of the 
paper machine still requires great skill on the part of the machine 
tender, but here again science comes to his aid, and research has 
shown how mechanical action can be controlled so as to vary and 
to improve the quality of the paper. By this I mean that we have 
not only improved the paper machine itself, but we have improved 
its operation. 

It appears to be almost a miracle when one sees a stream of a 
thin liquid looking like milk flowing on a moving wire screen and 
then finds this liquid transformed to a piece of paper in the course 
of a few seconds and carried from the wire through a series of 
presses, then over a set of steam-heated cylinders, finally to 
emerge as a dry finished sheet of paper. The miracle has been 
performed by the application and control of natural forces. Re- 
search work has shown the paper maker what is the best consist- 
ency of stock with the right hydraulic head on the stock to make 
it flow at the correct speed to the wire, and how to coordinate 
other factors, as machine speed, with the speed of the flowing 
liquid, the adjustment that permits a drainage by gravity of most 
of the water through the wire, the adjustment of vacuum further 
to dry the sheet, the proper materials of press rolls, the correct 
pressure upon the sheet, and the best temperature in the steam- 
heated dryers. At this point, again, research has developed a 
more efficient means of taking away the vapor-laden air, so as to 
carry off the water evaporated from the paper. The amount of 
water left in the paper is an important factor in giving the sheet 
the proper finish as it passes through the calender stack. 
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During the brief period of three or four seconds when the ma- 
jority of the water is leaving the fiber on the wire, one of the most 
important operations is taking place—namely, the formation of 
the sheet; and it is at this point that all previous research work 
may be said to focus. Here the machine is operated so as to give 
the interweaving of the strength fiber with the filling in of the 
slight interspaces that will produce a solid and uniform sheet, 
both as regards thickness and density. This uniformity is es- 
sential in producing uniform opacity, and also in giving a product 
that will take a uniform finish. 

But even when the paper is finished, we are not through with 
research, for we find that one of the principal troubles the printer 
has is with the curling of paper. To overcome this, we have 
not only to bring the paper to a moisture content that is in equi- 
librium with the atmosphere, but we should age the paper in an 
atmosphere where the humidity is practically what may be ex- 
pected in the pressrooms. This, of course, is very difficult to 
anticipate; but if printers could agree on a satisfactory standard 
humidity for their pressrooms—and maintain it—the paper would 
be in moisture-balance with such an atmosphere, and curling 
troubles would be practically ended. And so would most diffi- 
culties in getting register on multicolor jobs. 

It has not been possible in this paper, long though it be, to tell 
of research that has produced transparent paper for window en- 
velopes, vegetable parchment, imitation leather, nor how research 
has made paper from sugar cane and cornstalks—with such ap- 
parently uninterested people as the Canadian Pacific Railroad 
spending thousands of dollars on an investigation of the use of 
flax straw—and how we now get more and better pulp from wood, 
thereby saving our forests and giving you better and cheaper 
paper. The research idea, though born only a few years ago, 
has been adopted by the paper industry. Look at the govern- 
ment laboratories at Washington, Madison, Ottawa, and Toronto, 
the Pulp and Paper Research Institute at Montreal established 
by the Canadian Pulp and Paper Association at an investment 
cost of $350,000 and an annual expense of some $30,000, elaborate 
research organizations in most of the large producers of book, 
writing, and newsprint paper; and schools for training tech- 
nical men both for and in the industry. 

We rejoice that you also are sold on research and we are ready 
to cooperate with you in solving our common problems. 


What Research Has Done in Type Metal 
By DR. G. W. THOMPSON, *® BROOKLYN, N. Y. 


This foremost authority on the technology of lead products indicates 
the proportions and the proper mixing and melting point of lead, 
tin, and antimony to secure the correct type metal. The distinct 
components impart certain properties and each has a proportional 
effect, so that a composition may be provided for practically every 
need in the printing industry where type metals are used. 


fairs METALS are usually composed of lead, antimony, 
and tin, the exact composition of the metal depending 
upon the machine with which it is to be used and the ends 
sought for in its use. This paper refers almost entirely to the 
research work which has been done in connection with these 
alloys. 
The arts and sciences usually travel hand in hand. In the 
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past the arts have usually advanced somewhat ahead of the 
sciences. With some of the newer arts, however, the sciences 


have advanced ahead of the arts. 


In the case of type metals, 


most of the work which the sciences have done has been to give 
a better knowledge of these metals, in regard to their structural 
constitution and their related properties. The study of these 
relations is comprised in what is known as metallography. 

When two or more metals are melted together it is found (1) 
that they are immiscible, or (2) that they are partly miscible, or 
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Fie. 3 PHotTomrcroGRaPH oF Cuttt Cast Monotype Metar. X 50 
Small crystals of Sb in a ground mass of eutectics (mixed Pb-Sb and Pb- 
SbSn). The eutectic structure not resolved at the comparatively low 

magnification.) 

(3) that they are completely miscible, or (4) that inter-metallic 
compounds are formed. If it is attempted to make an alloy of 
iron and lead, it is found that these metals are substantially im- 
miscible. If copper and lead are melted together, it is found that 
they are partially miscible. If lead and tin or lead and antimony 
are melted together, it is found that they are completely miscible. 
If tin and antimony are melted together in certain proportions it 
is found that an inter-metallic compound is formed, a compound 
of antimony and tin. In type metals, therefore, there are found 
the third and fourth conditions resulting from the mixing of the 
molten metals; namely, that they are completely miscible when 
molten and that under certain conditions an inter-metallic com- 
pound of tin and antimony may be formed. 

There are other things, however, to be noted. When a small 
amount of tin is added to a large amount of lead, they are com- 


pletely miscible in the molten condition, and when the mixture 
solidifies, it is structurally homogeneous throughout, the tin being 
dissolved in the lead to form a solid solution. 

If 63 parts of tin and 37 parts of lead are melted together, there 
is what is called a eutectic mixture. The characteristic of this 
mixture is that under no conditions of melting or solidifying 
does one metal tend to separate from the other. If, however, 
there is an excess of lead or an excess of tin, although completely 
miscible when molten, during solidification there will be a segrega- 
tion or separating out of some of the metal that is in excess, par- 
ticularly if the excess is large and the alloy is allowed to cool 


Fic. 4 oF SLowty CooLep Monotyps METAL. 
x 50 


(Large crystals of Sbin a ground mass of eutectics. The SbSn component 
of one eutectic shows as irregular laminae.) 


Fic.5 oF Cast Linotype Metau. X 50 
(Small crystals, mostly SbSn, in a ground mass of eutectics.) 


slowly. The metal in excess has a different melting point or 
solidification point, it being higher than that of the eutectic mix- 
ture. An example of this may be seen in wiping solder where the 
excess of lead in that solder tends to crystallize out and form a 
mush, particles of lead being held in suspension in the remaining 
metal still molten, on account of the lower melting point of the 
eutectic mixture of lead and tin. To be very accurate, this 
statement should be qualified by saying that the lead that crystal- 
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TABLE 1 MELTING POINTS OF TYPE METALS 


Complete Solidifica- 
liquefaction tion 
Anti- Deg. Deg. Deg. Deg. 
Lead Tin mony Copper cent. fahr. cent. fahr. 


Small type....... 67.50 10 22 0.50 325 617 240 464 
Monotype........ 78.00 6 16 270 «#4518 240 464 
85.00 4 ll 244 #471 240 464 

80.00 5 15 260 500 240 464 
Stereotype........ 85.00 .. 15 .. 268 514 247 477 


lizes out first probably contains some tin in solid solution. In 
general, it may be said that eutectic mixtures are mixtures having 
the lowest melting points. They are characterized by having 
a peculiar structure, frequently being laminar or pearl-like, which 
is shown by the microscope when specimens are polished, etched, 
and examined. 

If a solder containing comparatively high lead and low tin is 
melted and then allowed to cool slowly, it is found that there are 


Fic. 6 oF Section oF INGotT oF LINOTYPE 
Metat. X 50 


(Shows crystals of SbSn, some of which reacted with slowly cooled 
surrounding liquid.) 


two points at which a retardation of temperature change takes 
place. These are at 470 deg. fahr. and at 358 deg. fahr. At the 
upper point the excess of lead starts to crystallize out, and at the 
lower point the eutectic of lead and tin solidifies. Where there is 
an excess of one of the components, that component in excess 
appears under the microscope as minute crystals, or as dendrites. 

Consider now the case where inter-metallic compounds are 
formed. Tin and antimony form such compounds. If, there- 
fore, there is an alloy of lead and tin and antimony is added and 
they are melted together, the antimony and tin being present in 
such proportions as to produce the antimony-tin compound, then 
when such a mixture is allowed to cool the antimony-tin com- 
pound will appear under the microscope, when the solidified 
mixture is examined, as minute crystals distributed through the 
mass of the alloy. When metallic compounds are formed in 
this way, they act as if they were a single metal. This compound 
forms with lead a eutectic mixture just as tin does, the melting 
point of the eutectic mixture being below that of the melting 
point of either the compound or the lead. 

It is seen, therefore, that in alloys of lead, antimony, and tin 
there may be a eutectic mixture of the tin-antimony compound 
and the lead or there may be an excess of lead, tin, or antimony 
and the eutectic mixture. 

To illustrate these points some photomicrographs and dia- 
grams are given and will be discussed briefly. It will be seen 


117 


from the foregoing that a solidified type metal contains a number 
of distinct components, each of which has a proportional effect 
upon the properties of the metal. It is exceedingly fortunate 
that this is so, as it enables the intelligent designer of type metals 
to provide a composition that is suitable for practically every 
need in the printing industry where type metals are used. 

One of the most important things to consider in designing a 
suitable type metal is the rate of cooling involved in its use, as 
this rate of cooling affects the grain size of the various components 
in the solidified metal. As a general proposition it may be said 
that for a given alloy the smaller the grain size the harder the 
metal. Therefore, as rapid cooling tends to decrease the grain 
size, it also tends to increase the hardness of a metal. This may or 
may not be desirable according to the required characteristics, 
depending upon the casting machine used and the printing opera- 
tions to be performed. The hardness will also be affected by 
the proportions present of the various components. 

What has been said so far indicates, in the main, what research 
has done for the printing industry with reference to type metals. 
Broadly speaking, it has done this: it has enabled the intelligent 
operator so to design and modify the composition of type metals 
as to meet practically every need. 

The temperature at which type metals are poured or cast is 
dependent upon the composition of the metal. The pouring 
temperature must be above that of the complete liquefaction 
point of the metal, and this complete liquefaction point may vary 
between metals of different composition as much as a hundred 
degrees. A metal before it is poured must have every component 
in the molten state. Furthermore, the temperature at which 
the metal is poured must be sufficiently above the complete 
liquefaction point so that solidification and separation of none 
of the components may take place too soon. If that happens, 
uneven castings are obtained. 

Some may ask, What has science shown us as to the permissible 
impurities in type metals? It is admitted, of course, that all 
type metals need not be equally pure, and research has indicated 
certain tolerances beyond which impurities should not go when 
certain metals used for specific purposes are considered. Gen- 
erally speaking, the purity of the metal should be such that no 
separation of metallic components will be occasioned by the im- 
purity under proper and practicable melting and cooling condi- 
tions. This is as far as one can go in the present status of our 
knowledge. The time may come when it will be found that cer- 
tain elements which might now be considered impurities would be 
considered desirable additions on account of the specific proper- 
ties they impart. 


Discussion 


Tuap S. Wauuina.'' I would like to ask some pertinent ques- 
tions of the engraver and the electrotyper. What is the engrav- 
ers’ association doing in the way of research toward improving 
their methods of handling engravings? For instance, a color 
subject comes to them to be made, and when the proofs are sub- 
mitted to the artist or to the advertiser and he makes corrections 
on the plates, why is it that there is not some definite system de- 
vised that would require those plates to be proofed again to elim- 
inate the waste of time in the pressroom? 

We get the form into the pressroom and then find trouble with 
the engravings, either in depth or changes in color. The trouble 
should be found at the source and not left for the printer to search 
out in the pressroom. Why should the printer be under the 
necessity of measuring the depth of his plates? Why should not 
that be the function of the engraver? When the engraver sends 
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his plates to the printer, and there have been corrections on those 
plates, how can a printer reproduce the subject and know what he 
is doing without a revised color proof before him? 

Another thing that is important to the publisher is that, where 
engravers are dealing daily with advertising agencies and ad- 
vertisers who are advertising in current publications, they should 
ascertain the kind of paper the cuts are to be printed on. I do 
not think the question is asked of the advertiser in very many 
cases, 

In our experience in the publishing business the printer cannot 
get out of the subject, in nine cases out of ten, what the adver- 
tiser anticipates and expects to get, because he has had his cut 
made for and proved on coated paper which brings out every fine 
detail in a very “high art’”’ manner. 

I want to impress upon the engravers’ association the impor- 
tance of cooperation between advertiser and engraver to ascertain 
those points and to get the publisher to send the paper to the 
engraver and have the subject proved on the paper that is going 
to be used in that particular publication, thus allowing the ad- 
vertising agent or the advertiser to see the detail and the quality 
that he will get out of his cut. He will then not expect to get 
detail that is not in the engraving. 

Another thing is the depth measurement of two and one-half 
thousandths. It is very essential, especially where molding is 
concerned, that you maintain this depth. There are many times 
when I am called to the factory to measure up a halftone, and I 


Fourth Session, Friday 


The Key Men of the Industry Through Whom 
Research Will Have to Be Applied 


By A. E. GIEGENGACK,*? NEW YORK, N. Y. 
(Chairman of Fourth Session) 
A S HAS BEEN the custom in the three preceding sessions 


of this conference, an honorary chairman has opened up 

each session, and it has devolved upon me, as the repre- 
sentative of an organization, to receive this great honor, repre- 
senting as I do the International Association of Printing House 
Craftsmen. In the absence of its president, Mr. P. Harry 
O'Keeffe, of Detroit, but on his behalf and on behalf of the entire 
organization, I bring you greetings. 

Referring, last night at the banquet, to the twenty-six partici- 
pating organizations, Dr. Baker separated them according to their 
affiliations. The organization which I represent is one of the 
working organizations. By that I mean that the men in it do 
the actual work in the printing offices. 

Since the byword of the conference seems to be research, I do 
not think it would be amiss to say a few words in reference to the 
International Association of Printing House Craftsmen. Our 
organization is about the youngest one in the graphic arts. We 
are only ten years old this year, having local branches in over 
sixty printing centers in the United States and Canada, as well 
as branches in Australia and in Cape Town, South Africa. 

We have in the audience representatives from such cities as 
Chicago, Milwaukee, New York, Pittsburgh, and Toronto and 
from several other smaller cities, from which these men have 
come to learn. 

Mr. Carter, in his opening address, said that it was not the 
keynote address, but rather it was what he saw through a keyhole 
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find that the original engraving has come to us a little less than 
one and one-half thousandths. How can the engraver expect to 
get results? Why should the printer be expected to put his time 
on this investigation? Why should this trouble not be eliminated 
and a correct method be worked out by research within the or- 
ganization of the engraver? Eliminate this waste in industry. 

Another point is for the electrotyper. Is there any reason why 
an electrotyper should not establish m his plant the plate-test 
machine to test the electrotypes and find the defects rather than 
put it up to the printer? We receive electrotypes that are from 
five- to ten-thousandths low in some part of the plate or with a 
spot in the plate that is either due to poor block or in the finishing 
of the electrotype. There should be no reason why the printer 
should be the goat and make up these deficiencies. It is true 
that the electrotyper cannot control weather conditions and 
humidity effects on the block, but nevertheless there is a point 
for research there. I think the day is coming when blocking 
wood is going to be treated chemically so that the block will not 
be affected by atmospheric conditions and the wood will be so 
treated that the warping and the shrinkage, which now take 
place in a great many cases, will not occur. 

Then again, the electrotyper continually hands back to the 
engraver: “I cannot get into our electrotypes any more than 
you put into your halftones.”’ 

Is there not a chance for closer cooperation on these points 
between those two organizations? 


Afternoon, Nov. 8, 1929 


glance at the industry. Mr. Carter is a very prominent member 
of our organization in Washington. I might very well repeat 
what Mr. Carter said in reference to the keyhole and say that the 
Craftsmen, who are the active foremen, assistant foremen, super- 
intendents, and general managers of the printing plants, are to 
be included in the keyhole view of the industry, for we are known 
throughout the industry asthe key men. And as such they would 
eventually become the agency through which the research will 
have to be applied. 

The Craftsmen’s movement is carried on by men who are bound 
together in the work of sharing their knowledge at their meetings 
and discussions. This organization has no office or headquarters, 
and there are no paid officers; it is a labor of love. The members 
serve as officers and travel considerably for the benefit of the 
industry, and for what knowledge they may get out of it, without 
any compensation. 

One of the problems that the Craftsmen’s Club is trying to 
solve, in cooperation with the working units and the employers 
of the country, is the matter referred to by Mr. Riddell, of Lon- 
don, as the apprenticeship problem. We are very much inter- 
ested in the apprenticeship problem in this country and are 
helping in a great measure to raise it to a higher plane. I was 
very happy to hear, in the remarks of Mr. Munro, of Ottawa, that 
he paid tribute to the working executives in his plant when he said 
that they usually went to the heads of the departments and asked 
them if there was anything they wanted or if they had any sug- 
gestions they desired to make as to the purchase of new equip- 
ment. 

I was very glad to find out that this practice was in vogue in 
Ottawa, as it is in many of the other cities, due to the fact that 
they know that the members of the Craftsmen’s organization, who 
are the executives in these different cities, are up and doing and 
knowing what is going on in the way of new machinery and new 
equipment. 

I would say that the best part of the work that the Craftsmen 
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have helped to do in the printing industry is the managing and 
holding of the printing machinery expositions, such as they hold 
every five years, at which time members of the industry have a 
chance to see all of the latest and newest equipment in actual 
operation. I will now pass the meeting over to the presiding of- 
ficer. 


Delegates Show Enthusiasm Over the High 
Grade of the Prepared Papers 
By WINFIELD 8S. HUSON,'? NEW YORK, N. Y. 
(Presiding Officer of Fourth Session) 


T IS a great gratification to look over a body of men such as 
you who are here and to be able to so plainly realize and feel 
that you are in perfect touch and in perfect sympathy with what 
we are endeavoring to do. One can hardly fail of words in this 
connection because it is evident from the enthusiasm displayed by 
your faces that you are drinking in everything that is being said 
and done. 

There is one little word at the bottom of the printed program, 
and that little word is “‘discussion.”’ It is the valuable contribu- 
tion to all engineering meetings. Be prepared at the end of the 
program to enter the discussion of these things that concern us 
all so much. 

We have a little surprise. We know that you were looking 
forward to Mr. Deviny being here. He had sent us word that 
he could not get here, but his interest in the conference was so 
great that he has found a way to be here for a few minutes this 
afternoon, so I would like to present Mr. Deviny to say a few 
words to us. 


Joun J. Deviny.** I have had this impression since I came into 
the hall, only ten minutes ago, that the presence here of so many 
men who are constructively engaged on behalf of research in the 
business of printing augurs well for the future of our industry. It 
occurred to me that it would be very encouraging to the printers 
of Canada and the United States if they could witness this gather- 
ing and know from first-hand information that here is assembled 
a group of men seriously engaged in a determined effort to effect 
improvement in the technical processes of printing. I personally 
express my own pleasure at the privilege of being here and wit- 
nessing this thing. 


Accuracy in Printing-Press Construction 
By J. R. BLAINE,*’ CHICAGO, ILL. 


The printing-press manufacturer must build accuracy into his 
press, holding all machined parts to a definite limit or tolerance. 
After considerable research, the Miehle company has adopted a 
definite system whereby the engineering department stipulates the 
permissible tolerances, any part coming outside being rejected. 
Cylinder-bearer diameters are held to within 0.0005 in., and ink- 
fountain rollers must be true within 0.0001 in. 
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RINTING PRESSES of the cylinder type, whether typo- 

graphic, planographic, web, or sheet-fed, call for an exact 

synchronization of speeds between printed stock and cylin- 
der surfaces. Accuracy in machining parts which build up 
the unit is extremely essential, since any conflict tending to de- 
stroy the uniformity of speeds will affect the printing contact. 
These conflicts may be in the prime elements or may be in some 
seemingly insignificant part of the mechanism; but, in any case, 
the trouble eventually shows up in bad printing. 

The prime element of printing is the contact between printing 
surface and the paper or stock to be printed. Looking at this 
element from a purely theoretical point of view, the contact has 
one dimension only, a line. Practically, however, this contact 
is a surface, the width of which varies with the amount of squeeze 
or compression necessary to transfer the ink from the inked image 
to the stock. This amount is dependent upon the nature of the 
stock as to surface and roughness, and also to some extent upon 
the nature of the ink. It is surprising how rapidly this width 
varies with an increase in the amount of squeeze. The width 
of this contact area is shown by Figs. land 2. In Fig. 1, D repre- 
sents the diameter of a cylinder on a flatbed press; r is the radius 
of bearers; d, the amount of overpacking or squeeze; A, the 
radius of packing, or r plus d; b is one-half the width of contact; 
and C, the total width of contact. Then 


C = 2 =2VA?—r = 2 VV 2rd + @? 


These values tabulated for cylinders of 10 in. and 20 in. di- 
ameter, respectively, are plotted on curves as in Fig. 2. For a 
20 in. diameter cylinder and a squeeze or overpacking of 0.002 
in., the width of contact is seen to be 0.4in. This seems consider- 
ably more than one might expect for so small an amount of 
overpacking. It shows strikingly how overpacking destroys 
the ideal conditions of true rolling contact in that it approaches 
more and more a wiping action between form and printed sur- 
face. True rolling contact is ideal, and the nearest approach to 
this gives the best results. 

Squeeze is actually a distortion of materials, and therefore the 
nearest approach to ideal conditions is obtained when this squeeze 
isaminimum. This condition of minimum squeeze is sometimes 
called a “kissing impression.” It is interesting to compare 
makeready time on a flatbed press where the press is carefully 
checked and leveled and the forms are held to very close limits, 
with the ordinary press which is out of level and where the forms 
vary as much as 0.010 in. This makeready time is all out of 
proportion, as in the latter case all inaccuracies either in the bed 
or forms must be built up to get a transfer of ink to paper. Two 
wrongs are trying to make a right, and usually there is an excess 
of squeeze which is bound to show up in slurs and excessive wear, 
particularly near the gutters or end of forms. 

Accuracy must first be built into the press itself. To do this, 
it is essential for the manufacturer to hold all machined parts to 
a definite limit or tolerance. It is safe to say that all progressive 
concerns do have some system of gages and limits of tolerance to 
which they adhere. After considerable research as to proper 
limits of tolerance, the Miehle Company has adopted a definite 
system whereby the engineering department stipulates just what 
tolerances will be acceptable. Any part outside of these limits 
is rejected. Shop gages are frequently compared with master 
gages and corrections made for wear whenever necessary. The 
diameter of cylinder bearers is held correct to within 0.0005 in. 
Ink-fountain rollers must be true within 0.0001 in. Trueness 
in this case is more important than actual diameter, as upon it 
depends the smooth, even tone of the entire printed job. The 
research department has adopted a special measuring device 
whereby this extreme accuracy can be checked. This device uses 
a column of liquid, the movement of which is multiplied about 


q 
‘ 
a 
ur 
t 
- 
4 
< 
| 
| 
| 
i 
q | 


120 TRANSACTIONS OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


1200 times. Thus 0.0001 in. gives a reading on a scale of about 
1/, in., and any variation shows up at a glance. In fact, a dif- 
ference of 1/4 of 1/;o of 0.001 in. can be seen. 

A very important member in a flatbed press is the roller on 
the slider carriage between the bed and frame. It is easily seen 
that, if these rollers vary, the bed will not be supported uniformly, 
either when free or under impression. These rollers are directly 
responsible for a good solid impression, and in order to be sure 
of each one taking its proper share of the burden, the diameter is 
held within 0.0003 in. 

Needless to say when working to such close limits as this, 
temperature plays a very important part in obtaining uniform 
diameters. For instance, if the finishing cut for the grinder is 
appreciably more on some rollers than on others, the temperature 
will vary, with a consequent variation in diameter when the 


Fie. 1 SHow1ne Contact Wits Fiat Bep 


(D, diameter of cylinder; A, diameter of packing; d, amount of over- 
packing; C, width contact.) 


rollers are cool. These factors must be carefully checked and 
held to the tolerance limits or trouble is bound to occur later when 
it is not easy to correct. The steel tracks for these rollers are 
held to '/, of 0.001 for thickness, and when it is taken into 
account that they are from 3 to 10 ft. long through the range 
of press sizes, it is no mean job to maintain this standard. 

The term impression is closely linked up with accuracy. This 
for the reason that any weak section either in the cylinder or 
type bed will deflect under pressure, whereas the same parts may 
show correct to gage when no stress is applied. It would be 
exceedingly difficult under ordinary circumstances to ascertain 
what spots are weak and just how much deflection occurs under 
actual printing conditions. Here again the research department 
came to the front and developed a system for locating these weak 
spots. Actual measurements of deflection under stress at any 
spot in the type bed or cylinder can thus be found. Special 
test blocks, when placed between the cylinder and bed, set up a 
pressure about equal to the conditions obtained when printing 
aheavy form. Then by means of a special direct-reading microm- 
eter gage, readings are taken about every 4 in. across the width 
of the bed and cylinder. A chart is then made out showing 
where any variations exist and the amounts recorded. By 
repeating the observations at different points, the long way of 
the bed, a record is obtained which shows the actual conditions 
of the printing contact area over the entire bed under printing 
pressure. Accuracy in this case must be first in the cylinder, 
then in the bed and supporting frames, and finally in the erection 
of the press, which includes careful leveling. A press checked 
over by this method enables one to point directly to any spot 
which needs correction, adjustment, or replacement. . 


Clean printing and less makeready are the result where the 
foregoing test and correction is applied. All new presses are 
put through this test before leaving the factory, and a record 
chart is kept for future reference. Presses which have been in 
service for a long time and which show wear on the forms can 
be put through this test by experienced erectors and proper ad- 
justments and corrections made. These presses then are again 
in shape to deliver clear, sharp prints. 

Returning to the synchronization of cylinders, a vital differ- 
ence exists between the rolling action on a typographic press 
and on a planographic. On a flatbed or type press the printing 
contact is not continuous as on a lithographic press. Only a 
solid form would approach similarity. On type, the cylinder has 
a chance to relieve itself between type matter and gutters if any 
conflict in speeds does occur. On offset, however, the contact 
is clear across the full width of the press, regardless of whether 
a solid or just a few spots are to be printed. There is just as 
much contact on the blank spaces as on the printed areas. It 
follows, therefore, that in the offset press slurs and wearing of 
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plates are more likely to occur than on a type press, and conse- 
quently more care must be exercised in building the press and 
making proper adjustments. Whatever conflict may be present, 
builds up gradually, and no relief can be had until the gap in 
the cylinder is reached or the blanket actually slips intermittently. 
It is primarily essential on an offset press that the rolling action 
be as nearly ideal as possible, especially so since there are two 
contact zones instead of one, as on type presses. These two 
contact areas may tend to neutralize or accentuate each other, 
and in the latter case a decided slur will result. 

Gears are particularly important. Not only must the tooth 
shape be correct, but the spacing is extremely important. Like- 
wise, group spacing of teeth should be held within close limits. 
If an appreciable error occurs as to group spacing, a pulsating 
action will be given to the cylinders, and if an error of the oppo- 
site sign happens in the mating gear, a slur or streak will be the 
result on the print. In other words, there would be a slide or 
slip between the cylinder surfaces at that point. 

The amount of slip causing a slur or streak is very minute. 
Just how much actual motion causes such streaks to show up in 
the print is not known. Any interference, maladjustment, or 
undue friction from whatever cause will affect the smooth action 
at the printing contact. A tight bearing at some distance from 
the cylinder may cause streaks. Even the consistency of the 
ink has a direct bearing on the contact zone. 

The most general cause of complaint on offset presses is this 
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same question of slurs. Whatever the direct cause may be, 
it usually shows up in what are termed “gear streaks;”’ streaks 
usually corresponding with the pitch of the teeth in the driving 
gear or the ink-roller gears, depending on where the conflict 
occurs. For this reason it was at first thought that the gears 
themselves were entirely to blame. However, since streaks have 
been overcome in some cases by adjusting or altering other mem- 
bers in the mechanism, it follows that we cannot say gears are 
always directly to blame. Whatever the cause, the slur seems to 
be concentrated by the gear teeth coming into mesh. Possibly 
minute deflection of the teeth themselves may be enough to 
localize the disturbance regardless of the initial cause of the 
trouble. 

Organized research is the place to look for help on this problem 
of streaks, and exhaustive tests should be undertaken to de- 
termine the importance of the different elements which con- 
tribute to the trouble. 

Research leading to more definite knowledge on ths point 
will be a great benefit to the printing industry and particularly 
so in the offset field. 


Research Applying to the Relationship of the 
Impression and Plate Cylinders of 
Newspaper Printing Presses 


By THEODORE T. ELLIS,*¢ WORCESTER, MASS. 


Thirty years of research into the multitudinous problems of proper 
cylinder packing are described by the author in the effort to meet the 
increasing needs of high-speed presses and have resulted in producing 
a compressible cylinder surface that will maintain its standard in 
thickness and excellence in printing results. 


r I NHE subject of this paper is the research that we have con- 
ducted during the past thirty years pertaining to the 
interrelationship of the plate and impression cylinders of 

newspaper printing presses. 


Tue PRrRoBLEM 


It is necessary to sketch very briefly the conditions that gener- 
ally existed prior to 1900. The plate cylinder is the same now as 
it was then. Its surface is uneven, with a minimum variation of 
at least 0.006 inch in the plates. The impression cylinder surface 
then generally consisted of a rubber blanket and a soft woolen 
cloth, and, due to this fact, the impression cylinder was neces- 
sarily overpacked in excess of one-sixteenth of an inch above the 
pitch-line diameter. 

It was necessary to overpack the impression cylinder because 
the point of contact between the plate cylinder and the impression 
cylinder must be kept above the pitch line of the impres- 
sion cylinder; otherwise the printing plates will drag the impres- 
sion cylinder covering off the pins that hold it in place. 

It was an unusual problem to try to coordinate a solid metal 
cylinder with its companion cylinder that had a soft, compres- 
sible surface, the rubber blanket portion of which was seriously 
affected by oil seepage in a very short time, and, while both cyl- 
inders were geared to run at the same peripheral speed, the im- 
pression cylinder generally '/, in. larger in circumference than the 
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plate cylinder, making perfect unison between the cylinders 
impossible. 

It was a curious situation that existed in the art because neither 
the manufacturer of the rubber blanket nor of the woolen cloth 
used on the impression cylinder had any knowledge of newspaper 
printing, and the builders of printing machines had no knowledge 
of textiles nor do they have it today. There never was a textbook 
on newspaper printing. So the start to solve the problem had to 
be made from zero. 

When you analyze the structure and operating motion of the 
rotary printing press, you will find that it is all confined to these 
two cylinders. We know with what anxiety every one in the 
pressrooms used to contemplate the printing of a 14-page paper 
on the old right-angle quad. press. It seemed impossible to get 
the sheets to travel together. They would sway in going over the 
former, and it was nothing unusual to have anywhere from fifteen 
to twenty or more breaks of the paper every night. The average 
press run of thirty years ago was about 20,000. That was con- 
sidered good work for one press. The average run of today of 
the larger papers will go to 100,000, and on a Saturday night run 
to 150,000. 

Over thirty years ago we realized that all the trouble was in 
the printing cylinders. There are two extremes in cylinder pack- 
ing. One is the rubber-covered roller used in printing rotogra- 
vure; it must be 100 per cent resilient in order to pick up every 
little line in every shade that is below the surface of the cylinder; 
the other extreme was the hard packing which is used to produce 
fine work on coated paper. Between these extremes are innumer- 
able degrees of density in cylinder packing according to the work 
it is desired to produce. Somewhere within these two limits 
there should be a packing that would fit a newspaper cylinder to 
meet the unevenness on the stereotype plate and maintain its 
circumference while printing several million papers. 

The problem in operating high-speed newspaper printing 
presses is confined to the unit composed of the plate cylinder and 
the impression cylinder. 

The factors involved are these: 

First, the plate-carrying cylinder which has a fixed diameter 
and an uneven surface. 

Second, the impression cylinder, which has a varying diameter 
and a compressible surface that should remain constant under 
varying condtions and not be affected by oil. 

Third, the synchronizing of any number of webs of paper, 
traveling at a speed of approximately 1200 feet per minute, by 
coupling together any number of press units. 

Fourth, to find the factors involved. 

To understand the problem it is necessary to know of the severe 
grind that is going on between the plate and impression cyl- 
inders. The surface of the previously used blanket was rough, 
the weave of the tympan cloth was coarse and uneven, and the 
newsprint paper used was and is of varying density and surface 
structure—the impression cylinder had a speed different from 
the plate cylinder. 

When you consider that an inelastic paper was impressed be- 
tween two cylinders traveling at different speeds, one cylinder 
covered with a rough, uneven woolen blanket or cotton tympan 
cloth and the other cylinder carrying metal plates with sharp type 
faces, also uneven, you can realize how restricted was the margin 
which made it possible to run newspaper printing presses at a 
reasonable speed. 

In addition to these factors are the strains imposed on the 
paper in printing and transmitted through the paper to the 
blanket surface. 

There are four plates that come in contact with the blanket 
on every revolution of the cylinders. On the surface of the plate 
there are eight columns, with approximately 300 lines to the 
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column of solid-set type. Each line of type has about 30 letters 
in it, and each letter has more than four angles to it. Multiply 
these factors, and it gives you over a million different angles that 
are impressed on the blanket surface with every revolution of 
the cylinder, besides the sharp column rules and head rules. 
This is about the average number of angles. They are less when 
large type and open space are used. 

Due to these numerous angles, there are always four movements 
simultaneously taking place, but constantly shifting, on the paper 
being printed and on the blanket. 

The first movement is the compression or the imbedding of the 
plate into the blanket cylinder, also known as impression, and 
this movement is the regulating force that causes the ink to trans- 
fer from the plate to the paper in printing. 

The second movement is a rotary or calender motion. The 
calender motion is caused by the blanket cylinder being larger 
than the plate cylinder. This calender motion places a heavy 
strain on the blanket. 

The difference between the plate cylinder and the impression 
cylinder when the latter is only '/s inch larger than the former in 
circumference, causes the impression-cylinder surface to travel 
almost twelve miles more than the plate cylinder while 12,000,000 
papers are being printed, or an average of one mile of drag per 
million papers printed. 

This is the equivalent of dragging twelve miles of plates with 
their sharp type faces, and under heavy pressure, across every 
part of the face of the blanket, and the more papers you print and 
the larger the impression cylinder is, as compared with the plate 
cylinder, the greater the strain and the farther the drag. 

This is one of the fundamentals we discovered over twenty 
years ago, and it was the reason back of the invention of the re- 
pressed felt blanket, and it was likewise the reason for attaching 
the Automatic facing to the blanket in such a way that it could 
move to meet this drag and other strains imposed on the blanket. 

The third and fourth motions are across the surface of the 
blanket, and they are caused by the diverging and converging 
lines of the angles of the type faces. They exert a side-swaying 
motion on the surface of the blanket. 

New angles of strain are imposed on the blanket’s surface as 
the plates are changed, as no two type pages are ever alike. News 
print paper is comparatively rough. Its rough surface and slight 
movement were the cause of frictional wear on the surface of the 
woolen blanket. 

Due to the inelasticity of the paper, the slightest excess strain 
would cause the paper to break. 

Combine all these strains; consider that while these strains are 
applied to the paper only once, they are applied to the blanket 
300 to 400 times per minute and for millions of times; add to them 
the blanket cylinders of different diameters, traveling at different 
peripheral speeds and with a different peripheral speed from the 
plate cylinders; also add an unevenly worn blanket surface caused 
by frictional wear and a constant change in the thickness and 
density of the blanket as it packed down in use, or swelled up by 
the absorption of moisture, and you have the reasons for the un- 
certain operating conditions that previously were so prevalent in 
all newspaper pressrooms. 

The problem was a serious one from the point of expense, delay, 
and indifferent work produced. 

There was an average loss of 5 per cent for pressroom printed 
waste. 

The average press production was 12,000 to 14,000 per hour on 
papers of 12 to 20 pages. On large-size papers the average pro- 
duction was less and the waste percentage more. 

It required thirty minutes each shift to get the press ready 
to start, break out the sheets, change tympan cloths, etc. 

Tympan cloths were changed every shift to produce clean 


printing, requiring 16 yards per shift, or 4800 yards for each oc- 
tuple press per year. 

Every day, and in some instances two, three, or more times a 
day, impression had to be changed to meet the ever-changing 
conditions. This shifting of the relative position of the cylinders 
caused the bearings to soon wear out, and it was the direct cause 
of many broken presses. 


DETERMINATIONS 


The first determination made proved that the blanket in gen- 
eral use had a soft density and a compression or printing point 
0.035 inch below the surface of the blanket. This made it neces- 
sary to drive the face of the plate into the blanket one-third of 
the blanket’s thickness to get fair printing. It also caused the 
blanket to lose one-third of its original thickness in a very short 
time, and this change in the thickness of the blanket constantly 
varied and-caused a continual change in the circumference of the 
impression cylinder and a variation in the peripheral speed. 

After these facts were discovered, a further series of experi- 
ments were started to determine the movements between the 
impression cylinder and the plate cylinder and what was the 
variation of the movement—the cause and the control. 

It was necessary to determine the pressure applied in printing 
and to provide a factor of safety of 10 to 1 to prevent injury to the 
impression-cylinder surface under undue stress caused by acci- 
dents or the paper breaking and winding on the cylinder. 

To determine the density of the impression-cylinder packing 
that would best meet the conditions generally prevailing and 
prevent loss by compression, holding it to a maximum of 0.001 
inch to 1,000,000 papers printed. 

To determine the cause of elongation of the impression-cylinder 
covering and how to minimize it to less than 5 per cent. 

To determine the difference in peripheral speeds between the 
piate and impression cylinders and reduce it to a minimum. 

To determine the principal factors involved in the control of 
the many webs of paper and make it possible to synchronize 
their speed despite the fact that impression cylinders vary in 
diameter and plates vary in thickness. 

To determine how to prevent surface wear and disintegration 
due to angular strains. 

To determine how to prevent oil from affecting rubber blankets. 


Tue So.vution 


These factors determined, led to the invention of the re-pressed 
felt blanket, which consisted of re-pressing the woolen cloth and 
holding it to its thickness by sizing. 

Three advantages were obtained by this invention—the bring- 
ing of the peripheral speeds closer together; the diameter of the 
impression cylinder nearer to its true pitch line; and the com- 
pression point 0.011 inch below the surface instead of 0.035 inch. 

It was then decided that the excess in packing above the pitch 
diameter of the impression cylinder should be established at 0.021 
inch to allow 0.010 inch for plate variation and impression; 
0.004 inch for elongation of 5 per cent and 0.007 inch for addi- 
tional compression and loss of thickness due to the disintegration 
of the blanket, and still keep the impression cylinder surface on 
or above the pitch-line diameter. These allowances proved to be 
correct, and they are used today. 

The problem remained, and it was to remain for some years, to 
construct a fabric that would combine within its structure those 
elements that would cause it to hold the original thickness to a 
substantial degree, that was capable of absorbing the pressure 
applied to it, and that would sway with and counteract the effects 
of the numerous disintegrating strains applied to it. 

Following the re-pressed felt blanket previously referred to, 
a method was devised for oilproofing a rubber blanket. This was 
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accomplished by the method of vulcanizing to the rubber sur- 
face of the blanket a fabric facing that had a coating composed 
of oxidized linseed oil combined with a carbon-black pigment. 
Linseed oil when oxidized is no longer soluble in ordinary oil 
such as used in printer’s ink, and it will stand the heat used in 
vuleanizing of 325 deg. fahr. for 25 minutes. The surface fabric 
thus applied to a rubber blanket, besides protecting it from the 
oil, also prevented the blanket from stretching and confined the 
action of the rubber cushion to an up-and-down or in-and-out 
motion instead of a rolling away or crawling motion that it pre- 
viously had been subject to, thereby preventing loss in thickness 
due to elongation. 

This was helpful; but the top blanket was still a problem, as 
the woolen blanket was rough in texture, gripping the paper hard, 
and causing it to break if there was the least variation in speed or 
thickness in the stereotype plates. 

The next step was to partially control the movement inherent 
within the felt blanket to prevent its quick disintegration caused 
by strains, and provide a face that would produce better printing. 

The solution was the Automatic blanket. The genesis of the 
Automatic blanket was found in a celluloid automobile wind- 
shield. This celluloid windshield was first used as a top packing 
on & newspaper magazine press to pull chalk overlay proofs from, 
for pictorial newspaper work. Two years of experimenting 
followed to find the proper way to attach this celluloid to a re- 
pressed felt blanket and to so modify the hard, brittle celluloid 
that it would stand the cutting effect of the sharp type face of 
the plates, plus impression and angle strains. 

Castor oil was used as the emollient to soften and keep plastic 
the nitro-cellulose that was substituted for the celluloid, and a 
way was found to give the nitrocellulose the same elasticity as 
the felt-body portion of the blanket. 

The only problem left was the method of attachment, and it 
was found that by floating the nitrocellulose compound on the 
surface of the blanket in such a way as to cause it to adhere to the 
surface fibers of the felt blanket, it could be so firmly attached 
that the face would not peel off or separate for millions of im- 
pressions. 

This successful invention revolutionized newspaper printing 
throughout the world, and it was perfected in 1915. 

It has saved millions of dollars in waste paper and millions of 
yards in cotton cloth, reduced the labor of getting the presses 
ready to start on editions, and prevented many accidents to the 
men by the elimination of paper breaks between the cylinders. 
It has increased average press production of 10,000 to 12,000 per 
hour to 22,000 and more, and finally it has improved printing 
fully 50 per cent. : 

There still remained, however, certain defects; too much loss 
in gage due to excessive compression in thickness and disinte- 
gration because of too much movement within the body of the 
fabric, and the drying out of the nitrocellulose film due to the 
frictional heat generated in printing. 

Printing presses covered with Automatic blankets were, how- 
ever, operating effectively at their designed capacity and for the 
first time in the history of the art it was possible to associate a 
larger number of pages together with satisfactory results. 

The next experiment was with cork, and the Monocork blanket 
was invented. It had a density equal to the combined density of 
the old re-pressed felt and oilproof-face rubber blankets. The 
Monocork blanket is different in its structural features from either 
rubber or felt. Rubber is 90 per cent resilient and very fast in 
its recovery. Felt is 10 per cent resilient; Monocork is fully as 
resilient as rubber, but its resiliency is so slow that for use as a 
printer’s blanket it is almost as plastic as felt. 

Cork is a peculiar substance, as its resiliency is not due to the 
fiber itself, but to the innumerable tiny air cells it contains. 


Therefore, in using a cork blanket to print from, you are, prac- 
tically speaking, printing on air. 

Monocork has a dual capacity, as it is used in place of a rubber 
blanket because oil has no effect upon it and it has, as previously 
stated, a resiliency equal to rubber. It is also used as a top 
blanket in place of felt, when covered with a nitrocellulose tym- 
pan sheet. The printing produced from it is sharp and clear, 
but it has a tendency to show up many small defects in the stereo- 
type plates that are absorbed and covered up by the felt blankets. 

There is one additional fact that I wish to disclose, which is 
the method we have adopted to prevent injury to the surface of 
the impression cylinder under unusual stress caused by the paper 
web breaking and winding around the impression cylinder. 
The increase in pressure from this cause is so great at times that 
it has cut the shear pins and still it has not injured the surface 
blanket, when the supporting cushion used is the Monocork 
blanket. The Monocork blanket has a compressibility in excess 
of 50 per cent with a 99 per cent recovery within three minutes, 
and being of less density than the Efficiency blanket, it readily 
absorbs the excess pressure and quickly recovers when the pres- 
sure is removed. 

With all the improvements in cylinder packing made, as enum- 
erated, it seemed as though the subject was exhausted. Then 
came the demand for increased production—speed and more 
speed, the necessity to print at one operation a number of pages 
undreamed of a decade ago. This led to the general adoption of 
the so-called dry matrix, and while the manufactured matrix or 
flong has many advantages over the hand-made wet matrix, it 
requires unusual skill on the part of the operators using them to 
produce plates with a variation of surface no greater than those 
produced by the old wet-matrix process. 

This fact, combined with the increase in pressure necessary 
to print from the plates the dry matrix produces, with the increase 
in impact due to high speed, opened up the problem that we 
fondly hoped had been solved. But we had our original deter- 
mination to guide us; the factors to contend with were known, 
and it was only a question if it would be possible to impart to a 
fabric the qualities necessary to meet the severe conditions that 
would be imposed on an impression-cylinder surface under the 
changing conditions. 

While the ordinary pressure applied in printing is only 30 lb. 
per lineal inch when 0.006-inch impression is used, it is multiplied 
many times under unusual stress, and even 30 lb. of pressure, 
when applied 12,000,000 times, creates an impact of the tre- 
mendous total of 360,000,000 lb. to be absorbed by a woolen or 
cork blanket. The flattening of the cylinder arc is approximately 
1/, inch, and the speed of the paper at 36,000 per hour on a cyl- 
inder 48 inches in circumference is 1200 feet per minute. 

To meet this changed condition a new determination was 
made and a new factor discovered. That factor was slippage. 
Slippage is the most important factor in the operation of a news- 
paper printing press. It is the one means by which absolute 
control of the various webs of paper simultaneously being printed 
on is obtained, and without slippage it would be impossible to 
exactly coordinate the speed of the different webs of paper. 

Slippage makes it possible to bring perfect coordination of 
speed into effect even if the blanket cylinders vary in circumfer- 
ence and plates on the plate cylinder vary in thickness. 

In 1925 we started on a series of experiments that had no limit 
to their scope, and carried them on continuously until they were 
successfully completed in the fall of 1928. The result was the 
Efficiency blanket, with a tensile strength of 250 Ib. to the square 
inch and with a density and resistance to impact more than twice 
what had previously been considered possible. 

New qualities in wools were selected, new blends combining 
strength and resiliency were obtained, a new method of weaving 
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to eliminate the variation in cross-section was devised, and a proc- 
ess in manufacture was developed that absolutely prevented 
disintegration of the fabric due to chafing caused by the varying 
movements of the cylinders. Sizing was eliminated, and a com- 
pound resistant to moisture was substituted to hold the fabric 
to a fixed gage. Uniformity in density of any degree was for the 
first time obtainable, and a solid, compact, resilient base was 
produced to which could be attached in a different manner a 
nitrocellulose coating, tougher, more resistant to frictional heat, 
and that will retain its softening emollient for 2 longer period, and 
‘at the same time the face could shift and swing to meet the ever- 
changing angle of impact it was subject to. 

What has been the reaction of the trade to the theories involved 
in this research? One printing-press manufacturer states that 
fixed operating conditions have been created in the operation of 
their machines, no longer making it necessary to guess at periph- 
eral speeds. 

Another printing-press manufacturer states it has increased the 
operating efficiency and capacity of their machines 25 per cent, 
and still another manufacturer of printing machines personally 
asked us to guarantee the satisfactory operation of a newly de- 
signed five-roll press at a speed of 45,000 per hour, and finally one 
of the best-known-mechanical superintendents stated we had 
eliminated the unit by synchronizing the sheets. 

With the completion of our research to devise a compressible 
cylinder surface that will maintain its standard in thickness and 
excellence in printing results while it is producing 12 to 15 million 
newspapers, in contact with a solid metal cylinder with an uneven 
and varying surface, we feel that we are entitled to say that our 
thirty years of research have been fruitful in results. 


Practical Results From Humidity Control in 
a Modern Printing Plant 


By DR. J. HORACE McFARLAND* anp CARL W. DAVIS,*? 
HARRISBURG, PA. 


Installation of humidity control is credited with having done 
more than any other factor to improve the uniformity and quality 
of the work, also increasing the comfort of the workers. Seven 
benefits that have resulted from the installation are outlined. 


HE American Society of Mechanical Engineers has already 
published papers dealing in most careful detail with the 
effect of atmospheric changes on the several materials 
used in printing, as well as with apparatus used to control hu- 
midity, and it now remains to describe how a particular print- 
ing plant met the situation in the course of practical operation. 

The problem was common to all plants doing a high grade 
of illustrated work, and may be briefly summed up as too little 
humidity in winter and too much in summer. The inability 
to maintain uniform working conditions resulted in lack of uni- 
formity in product. 

All of the allied arts, paper making, press building, ink mak- 
ing, photo-engraving, had been perfecting their products, but 
each improvement had placed a new responsibility on the printer 
to maintain a greater accuracy than ever before. When color 
printing opened the possibilities of illustration, everything seemed 
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to lie within the grasp of the printer except control of the weather. 

Low humidity in winter caused static, which made the sheets 
stick together. This made the use of an automatic feeder at 
times almost impossible, but what was even worse, it drew the 
sheets together as they came off press, before the ink had a 
chance to set, so that the only way to prevent offset was by 
slip-sheeting. This was especially true with the use of coated 
paper, as the ink was not absorbed to any extent, and the diffi- 
culty increased as the colors were superimposed on each other. 

In summer the trouble arose from variations in the humidity. 
A change from 35 per cent to 65 per cent in relative humidity 
increases the dimension across the grain of a sheet of coated 
paper 0.408 of 1 per cent, or approximately '/, inch in a 32- 
inch sheet, and a variation of this extent often takes place in 
twelve hours. The action on paper is relatively rapid, and ex- 
posure to atmosphere of a different humidity for less than a 
minute is sufficient to throw a sheet out of register. Under these 
conditions it was necessary to have the humidity the same when 
each of the four colors of a form was run. 

Another summer difficulty was the change in the diameter 
of the rollers with the variations in humidity. This had be- 
come a matter of greater importance, as the higher grade of work 
required a most accurate adjustment. 

It is the actual moisture content of paper that determines its 
size, and if it is exposed to the air it gives up or absorbs moisture 
as the relative humidity rises or falls, and it shrinks or stretches 
accordingly. Conversely, if it can be protected from the air, 
it will retain the same amount of moisture, and the size will 
not vary. On the strength of this fact, the first effort to main- 
tain uniform moisture in the paper was to keep it carefully cov- 
ered and protected from the air except during the time it was 
on the press. 

At this time the key color was run on a day of normal hu- 
midity, and sheets were checked from time to time against the 
first sheets run. When it was found that the key color or subse- 
quent colors did not register, the press was stopped until weather 
conditions brought the sheets back to size again. This some- 
times meant holding the color presses for days at a time. 

During the summer of 1925, under these conditions, 1078 
press hours were lost on account of the weather. This lost time 
applied only to presses with color forms which were delayed. 

The first successful attempt to control the humidity of the 
air was made after a long and serious delay in midsummer. The 
room was closed, the boilers were fired, and the resulting increase 
in temperature reduced the humidity enough so that printing 
could be resumed. 

At this time a new pressroom was under consideration, and it 
was decided to install an air-conditioning equipment to permit 
color printing during the summer with a minimum of interrup- 
tion. Three types were offered for consideration: unit air- 
conditioners, a central-station system with refrigeration, and 
one without refrigeration. The last mentioned was selected. 

It was realized that refrigeration would have assured abso- 
lute control at all seasons, but the indications were that even 
without refrigeration printing could be continued except during 
periods of extreme heat and humidity combined, and that the 
time lost would not justify the additional expense of installa- 
tion and operation of a refrigeration plant. 

Both the pressroom and the adjoining bindery were heated 
from the same main duct, but as it was less important to have 
careful regulation in the bindery, the humidity was controlled 
by conditions in the pressroom, and the bindery had temperature 
control only. 

At first city water was used in the washer, but as it ran to 4 
temperature of 70 deg. or more during the summer, it was im- 
possible to reduce the relative humidity to 70 per cent during 
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bad weather without excessive heat. Aside from the discomfort, 
this was unsatisfactory, as in a room above 65 per cent humidity 
paper is more susceptible to atmospheric changes. To meet 
this situation, an artesian well was drilled, which produced 50 
gallons per minute at a temperature of 57 deg. While this was 
less than the amount desired, it was possible to keep the hu- 
midity below 60 per cent with comfort. 

An installation of this type necessitates a thorough under- 
standing of the equipment and a knowledge of how to produce 
desired results, and the humidity must be checked periodically, 
especially during humid weather, with regulation of the air, 
water, and steam as required. This, however, becomes a rou- 
tine matter, and only on rare occasions does it require special 
attention. In addition to a recording hygrometer and _ ther- 
mometer in the pressroom, readings are made three times a 
day with a sling psychrometer, both indoors and outdoors. 

This briefly describes the humidifying system, and the results 
have more than justified the installation. 

First, the chief object has been attained, and color printing 
is done throughout the summer. Instead of 1078 press hours 
lost in 1925, no time was lost in 1928 on account of weather 
conditions. Instead of the occasional stops due to excessive 
humidity as had been anticipated, continuous operation has 
been maintained by careful handling of the humidifier. 

Second, during the winter the humidity has been kept at 50 
per cent, which eliminated static and all its resultant troubles. 

Third, it has been possible to condition the paper by keeping 
it in the pressroom for a week before putting it to press. 

Fourth, the inking rollers keep in better condition, give better 
distribution, require less adjustment, and have a longer ser- 
viceable life. 

Fifth, the air in the pressroom is cleaner. The added mois- 
ture in the winter, combined with the washing of the air, lessens 
the amount of floating dust, and less dirt is deposited on the 
form being printed. 

Sixth, in the bindery trouble from static has practically dis- 
appeared, and coated paper may be handled with less tendency 
to crack in folding. 

Seventh, while no definite improvement has yet been observed 
in the general health of the employees, the cleaner air and the 
absence of excessive dryness are unquestionably beneficial, and 
it is agreed that the pressroom is the most comfortable depart- 
ment in the plant. 

All the troubles are not solved, but the installation of humidity 
control has done more than anything else to improve the uni- 
formity and quality of the work, to say nothing of the comfort 
of those who produce it. 


Research—From the Operator’s Standpoint 


By MAJOR GEORGE L. BERRY, PRESSMEN’S HOME, 
TENN., ano L. W. CLAYBOURN,® MILWAUKEE, WIS. 


In discussing what is the matter with printing, the same answer 
cannot be obtained from any two plants. Rule-of-thumb methods 
are found in every division of most plants, and little effort is made 
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to correct them. The industry is dealing with a mechanical prob- 
lem, and it is time that engineers took a big part in it. 


UST what is the matter with printing? What is the matter 
J with the process we know most of? You cannot go into 

any plant in America and find the same answer to the same 
problem. That is what is the matter with it. We are trying to 
reach up into the sky and find new processes that none of us 
know anything about. Possibly that is the best place to look, 
instead of going to our own plant, where rule-of-thumb methods 
take place in every division, and we make no attempt whatever 
to correct those conditions. 

We are dealing with a mechanical problem. It is time that 
engineers took a big part in it. What is our problem? We have 
been talking about tolerances of presses, and tolerances of parts 
that go into the presses, but what is our tolerance? If you call 
it halftone printing it is usually two and one-half one-thousandths 
part of an inch, and 50 per cent of the men doing printing do not 
know what two and one-half one-thousands of an inch is—and 
that is not trying to slander our trade. We should have the 
fondest and profoundest regard for the pressman of today who 
is printing the beautiful work he is printing, under difficult 
conditions; he isa master. But it always is a wonder at what a 
cost it was produced, when it could have been done much more 
easily and improved with less laborious effort. 

If there was ever a time in the history of printing when master 
tools should be brought into the art, now is the day. The total 
depth of a halftone cut is about two and one-half one-thousandths, 
but where and what are we making ready? The accumulated 
errors of all departments are finally dumped into the productive 
center, the pressroom, where that man has no escape—he has got 
to produce, and he cannot give any alibis, for his boss will not 
take them. 

In one of the biggest printing plants in this United States re- 
cently the manager said, ‘Come down into our pressroom and 
show us how to print.’’ The reply was that it would be desirable 
to go any place but into the pressroom, for they all print the 
same as he does, but the place to go would be to see where there 
originates the foundation from which he prints. 

Let us assume the press is right, and you lock up forty kinds of 
material within a band of iron you call a chase, that the minute 
you put it under pressure with your present-day quoin is warped 
out of true—it is more like a band of iron. You have to unlock 
it and put it on a press; half the material is off its feet when you 
do unlock it. Where does the material come from? It comes 
from linotype machines, electrotypes, stereotypes, monotypes, 
and so forth. How many heights have you got to contend with? 

Now, if you cannot print the form you locked up, how can an 
electrotyper make a product from a wax mold or any other kind of 
amold? In every mold which that man takes of that form, every 
fault of that form is carried into that mold, and some mechanic 
with blacksmith methods has got to pound those errors out or 
attempt to pound them out, and what he does not pound out 
you seek to fill up if it is low or to cut out if it is high. 

Who can tell us how much pressure it takes to print? No one 
would want to attempt it. There are so many varying resisting 
elements in the printing faces that it is not known how we are 
going to solve that problem. But this much is known: it is 
contact that prints, not pressure. 

It depends, too, upon the tooth of the paper how much that 
impression must be. The tooth of the paper should suggest how 
severe the make-ready could be, but contrast that with the man 
who will underlay plates and the effectiveness of that underlay 
must be felt through the entire thickness of the plate. That takes 
pressure, and a small underlay of a quarter-inch wide will abridge 
on the face of the plate three times its own area. So why put 
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a plate off its feet to start with? It is just silly. Instead of 
underlaying, if we should do anything we should iron out the 
tooth of the stock from above and seek a uniform pressure of 
printing and stop. We are trying to lay a filament of ink on 
a given surface of various kinds of printing matter, the area or 
density of which will control the pressure it receives. If we have 
got rigidity and accuracy enough in the printing press that re- 
ceives that impression, and if the plate receives under-impression, 
it is too bad; you have got to patch up. If there isa pocket in that 
plate, you must patch it up; but today machinery is built where 
that is not necessary. Why should you go to a productive press- 
room to determine how good or how bad a set of plates is, when 
it is going to cost you more to make them ready and start them 
than it did to buy the plate? When they say that a printer will 
not pay a little more money for a good plate to start with than he 
will for a bad plate, it cannot be credited that the printer is that 
bad a business man. 

To go back to that locked-up form, that is the danger line of 
printing. We send forms toa foundry mounted on wood that has 
got to receive a certain pressure, referring particularly to the 
newspaper industry. That man is given stereotypes and electro- 
types of every known nature; he is wetting a mat and taking an 
impression. Up to just recently the strongest machine from a 
tonnage standpoint was about 650 tons to make a direct pressure 
mat. Direct pressure is the true and accurate way to make a 
mold. A roller will bank and daub, if you will closely analyze 
it, in spite of anything you can do. If you try to mold lead in 
that way, the lead will become elongated twice its original length, 
but by direct pressure we are trying to get depth into a halftone. 

We want master machine tools in this industry to produce the 
accuracies required, to produce the delicate and artistic effects 
produced by artists, and we need more than the rule-of-thumb 
methods which are largely employed today in our art. 


Effect on Research and Production of Present 
Material-Handling Methods 


By GEORGE E. HAGEMANN,® NEW YORK, N. Y. 


The expert describes how the introduction of material-handling 
methods has soloed an unlimited number of problems. This equip- 
ment reduces the manual element in operations, and thereby saves 
time, reduces the supervision necessary with hand labor, and in- 
creases output. The major object of every production-research 
study is threefold—reduction of the human element, increased vol- 
ume of product, and lower costs. Material-handling devices aid 
materially in accomplishing these objectives. 


This condition is true from the angle of production. If 

an installation of equipment includes certain new types 

of machines to which work is brought, and from which work is 

removed, by material-handling devices, who can say how much 

effect the new machines have had in increasing production and 

how much may be attributed justly to the new handling ap- 
paratus? 

However, that part of the saving of time, labor, and cost 

which is due directly to the material-handling installation is 
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usually so large that such equipment can almost invariably 
justify its investment without the aid of the additional margin 
that may be intimately tied in with actual production. In 
fact, if it were not for modern handling methods and equipment, 
much of the huge production increase that has been brought 
about during the past 20 years in practically all lines of industry 
would have been impossible. 

The intent is to present data from a variety of industries 
that have profited greatly from the use of material-handling 
equipment, so that the printing industry may be encouraged 
to tackle and solve its handling problems in somewhat similar 
ways. While the printing industry may advance the usual ob- 
jection that it is different from others, and therefore material- 
handling methods successful in other industries will not apply, 
nevertheless we know that no industry is so different that it 
cannot apply the same principles as others and get equally de- 
sirable results. 

Material-handling equipment may be divided into two broad, 
general classes—fixed and mobile. By fixed equipment we 
mean those types which are installed in definite locations, usually 
by supports on the building structure or floor. This class in- 
cludes overhead traveling cranes, hoists, elevators, chain con- 
veyors, bucket elevators, belt, roller, slat, or screw conveyors, 
monoveyors, tramrails, monorail systems, chain blocks, drag 
scrapers, and several other types. The mobile class includes 
hand and electric trucks, hand and electric lift trucks, stackers, 
portable conveyors, locomotive cranes, gasoline trucks, trac- 
tors and trailers, and similar equipment that can be moved 
from place to place and used in any location. 

A few instances of increase in production, lowering of han- 
dling costs, and total resulting savings, selected at random from 
a variety of industries, will show the economies that material- 
handling equipment can introduce in manufacturing plants. 

In the Crompton & Sons Lithographing and Printing Com- 
pany, St. Louis, two Stuebing-Cowan lift trucks and 36 steel- 
bound platforms handle work in the pressroom and in the cutting 
and finishing room. The truckers’ efficiency has been improved 
300 per cent, and $2400 per year has been saved. The equip- 
ment paid for itself in about four or five months. 

An overhead monorail handling system installed by the 
Richards-Wilcox Manufacturing Company in the C. L. Green 
Company plant, Cincinnati, handles work through tempering 
ovens, dipping tanks, and baking ovens. Work formerly re- 
quiring three hours’ labor on the part of three men is now done 
within 20 minutes. Plant capacity has been increased by 200 
per cent. The work of four men, totaling $5000 per year, and 
the installation of another baking oven were saved. The system 
paid for itself within two years. 

A Gifford-Wood barrel elevator at the plant of the Allentown 
Cold Storage and Warehouse Company, handling boxes, barrels, 
and bags, has resulted in a saving of from 75 to 90 per cent of 
the time required to move them on freight elevators. 

In the plant of the Tin Decorating Company, Baltimore, 
three Mathews elevators and three gravity roller conveyors 
carry empty packing cases to the upper floors and filled cases 
to the main floor at a cost of only $0.097 per 100 cases. The 
work of 40 men and a floor space of 7000 sq. ft. have been saved. 
The economy represents $47,400 per year. In another depart- 
ment a Mathews belt conveyor enables three men to load a car 
in 30 minutes, whereas formerly it took eight men four hours 
to do the work. A saving of $12.20 per car, or $1830 annually, 
has resulted. 

The Standard Sanitary Manufacturing Company employed 
four Clark automatic dump Tructractors in connection with 
foundry work. They operated 18 hours per day in two 9-hour 
shifts. In the handling of sand, one Tructractor reduced the 
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hauling cost from $1.20 per ton to $0.342 per ton. The total 
annual saving was $28,252. This particular machine paid for 
itself within 22 working days. 

When the Cadillac Motor Car Company introduced the La- 
Salle car and a new model Cadillac, late in 1927, extensive 
changes in layout were made and new material-handling facilities 
provided. Considerable improvement in productive equip- 
ment, of course, was introduced at the same time, and hence 
it is impossible to say to what extent better handling methods 
raised output. However, the total economy was represented 
by a 100 per cent increase in the total retail value of the out- 
put, with an increase of but 55 per cent in the working force. 

One of the departments of the Youngstown Sheet and Tube 
Company employs three men to operate Cleveland tramrails and 
do the work that formerly required 28 men. 

Two Shepard 1'/,-ton electric hoists operating over galvanizing 
vats, and making over 500 lifts a day, have replaced floor drum 
hoists at the Thomas Gregory Galvanizing Company plant in 
Brooklyn. They have speeded up production 50 per cent, and 
by releasing four men for other work have saved $6000 a year 
in labor. 

Another Shepard hoist of 2 tons capacity installed at the S. 
L. Allen Company plant, Philadelphia, saves the work of six 
men, amounting to a value of $8000 per year. 

A Shepard hoist at the American Oak Leather plant, Cincinnati, 
handles 40 to 50 hides at one time on a rack, saves the work of 
seven men, improves the quality of the product, and cuts tanning 
time by 10 per cent. 

In the field of research and experimentation material han- 
dling has not so evident an effect as it has on production. Re- 
search may be conducted to improve the design of product or 
equipment or to improve methods of operation. The influence 
of material handling on a change in design of product is remote, 
if present at all. However, the availability of a wide variety 
of handling devices has definitely affected research in machinery 
design. Automatic and multiple-unit machines combine, in 
their mechanisms that handle the work, many elements that 
with single-unit machines would involve directly a material- 
handling operation. Conveyor elements often become integral 
parts of productive equipment. For example, metal-products 
washing machines, heat-treating machinery, automatic inspec- 
tion machines for metal parts, cigarette-making machines, sugar- 
packing equipment, and many other devices have built into 
them various types of conveyor systems that have increased 
production several hundred, and often well over a thousand, 
per cent. In fact, no machinery designer today can be called 
expert at his job who does not attempt to automatize the equip- 
ment he is developing through research and experiment, by 
the introduction of some type of mechanical-handling device 
that increascs output, reduces manual operations and cuts costs. 

Likewise in the investigation of methods, that is, produc- 
tion research, the introduction of material-handling devices 
has solved an unlimited number of problems. In the first place, 
equipment reduces the manual element in operations, and thereby 
saves time, simplifies operations, reduces the supervision neces- 
sary with hand labor, and increases output. The major object 
of every production-research study is threefold: reduction of the 
human element, increased volume of product, and lower costs— 
and material-handling devices aid directly in accomplishing 
these objectives. 

In certain of the plants operated by the Westinghouse Elec- 
tric and Manufacturing Company, General Electric Company, 
Otis Elevator Company, Goodyear Tire and Rubber Com- 
pany, Willys-Overland Company, and others that are smaller, 
extensive material-handling layouts have been developed, with 
truck fleets operated on schedules similar to railroad trains. 


In pottery plants, brick plants, and related industries the entire 
cycle of operations has been highly mechanized in its handling 
phases. The availability of material-handling equipment has 
led directly to the extensive research which developed these 
vastly improved methods of operation. 

In the layout of printing plants, it would be difficult to outline 
a detailed program for the introduction of improvement in ma- 
terial handling. Automatic feeding devices are installed on 
presses of modern design, gathering and binding machines employ 
handling equipment, paper arrives at printing plants on skids 
and is moved to and placed in the machines by means of lift 
trucks. Executives and engineers familiar with the printing 
industry can cite other instances where the art of handling has 
entered the field. In the manufacture of printing machinery, 
equipment used in other metal-working plants is of direct ser- 
vice. 

In newspaper plants rolls of paper are often handled by lift 
trucks, portable elevators, or special roll elevators. Some of 
these devices deliver the paper to the machines. Here they 
are mounted in roll carriers, and each roll feeds on to the pre- 
vious one automatically as the latter runs out. In newspaper 
plants the stereotype plates are handled on conveyors from 
the foundry to the presses. Chain blocks also have found some 
application in various printing plants. Bundles of newspapers 
and magazines are packed and delivered to shipping platforms 
on belt, slat, roller, and spiral conveyors, or down chutes. 

It would seem possible to extend the use of mechanical equip- 
ment in printing plants. The types most suitable are lift trucks, 
elevating trucks, elevators, belt, slat and roller conveyors, spirals, 
chutes, chain conveyors, monoveyors, tramrails, and monorail 
systems. Aside from the trucks and elevators, which perform 
varied services, this equipment is intended to maintain produc- 
tion continuous, and would therefore serve at its highest efficiency 
in large-run magazine and book production, newspaper work, 
and the printing of labels, wrappers, and circulars in large volume. 
Wherever such work is done, it should be possible for men who 
are experts in material handling, and who become familiar with 
printshop operation, to develop adequate systems that will in- 
crease output and cut costs. Lower printing costs will bring 
increased sales, and thereby add a further margin of profit. 

Unfortunately, the printer is somewhat reluctant to consider 
the mechanization of his plant from the material-handling stand- 
point. He, like other producers, is often led to take the mis- 
taken attitude that his business is, as previously stated, too 
“different”’ to utilize such equipment. It is true,that the equip- 
ment must be adapted to his needs. But it should not be dis- 
missed from consideration because it is looked upon as too costly 
or because those types that are attached to the building struc- 
ture seem too fixed to be flexible. Most material-handling equip- 
ment costs very little by comparison with production equip- 
ment. It can be moved to new locations as need arises, it has 
a high salvage value, and it can be adapted to a wide range of 
work. Moreover, a well-laid-out system will pay for itself 
usually in two years, often in one, and occasionally in even less 
time. But it must be planned and installed by a material- 
handling engineer, it cannot be bought on “price,” the purchaser 
should be willing to pay for the engineering advice secured, and 
he must work with the maker in its installation, and instruct 
his own employees in its most efficient use. 

There is definite evidence that industry has only begun to 
realize the tremendous importance of adequate material-han- 
dling methods. Mechanical handling devices are the mechanisms 
that maintain rapid flow of work through the plant. In this 
capacity they act as the direct servants of production. Exten- 
sive systems of production control are out of the question with- 
out some handling mechanisms to keep work on the move. The 
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use of material-handling devices reduces inventories of raw ma- 
terials and work-in-process. In some plants inventories have 
been cut to one-eighth. In Ford plants the material turnover 
oceurs weekly. Handling equipment reduces the labor force 
not only by reducing the “move gang,” but also by facilitating 
production so that fewer workers are needed to turn out the 
product. Over a period of time, better handling methods, 
coupled with adequate production control, have increased pro- 
duction 500 per cent or more. Mechanical-handling equip- 
ment also actually cuts down the investment in manufacturing 
equipment. Most machines operate at only a fraction of their 
capacity. By supplying work to and taking work from machines, 
the handling equipment raises the “use factor’? by cutting down 
the idle time. This point is often overlooked, but it can easily 
account for a 10 per cent increase in output from a single ma- 
chine, and often much more. 

One of the plants of a well-known American industry that has 
pioneered in material-handling methods recently revamped its 
system in one section of the factory to take advantage of a better 
handling installation. In four months this company saved 
$275,000 by the change. If a concern already noted for its 
highly efficient operations can bring about this reduction in 
costs, what can be accomplished in those plants where material 
handling has received scarcely any consideration? 


Discussion 


Tuap S. Watuina.*! I would preface my remarks by saying 
that our product, while it is a magazine product, is also produced 
on a newspaper schedule. We must produce our magazines from 
the same news-value standpoint as a newspaper that is issued 
daily. On some days we are printing three and four magazines, 
which go into the mails the same day. We have the Cottrell 
type of web press. For years we have been hampered and criti- 
cized on the quality of our work due to offset. We have called 
the press people, and they have made several suggestions which 
we have carried out. Still we had offset in connection with that 
type of press. We carried the usual traveling offset roll. In 
the experiments that we have made we have found that the 
offset largely occurred in the folding. 

Our sheet is a perfected sheet, 32 pages, delivered in 16-page 
signatures. It was very hard to overcome the difficulties of 
offset in the folded product. We went so far as to place star 
wheels in the folder delivery plate because of the drag against the 
flat surface of that delivery plate. After the sheet is folded, the 
signatures then were delivered on the points of the star wheels. 

That procedure eliminated on the outside of the sheet some 
part of the offset, but when it came to the inside we had to carry 
a lesser quantity of ink. We also had offset on the inner folds. 

Some guiding hand of providence directed to our office one day 
a man, a mechanical engineer, who had a theory in the back of 
his head that if the printer could use carborundum as an 
impression or top sheet he perhaps would obtain a better printed 
product on web presses. We realized that if this method were 
successful we would also save manual labor. 

While the engineer talked, I looked at him in real astonish- 
ment. I could not figure printing electrotypes against a surface 
that is harder than iron. Nevertheless, we were good experi- 
menters and we wanted to improve our work if it was possible. 
We were willing to go to any length, so we arranged for a trial, 
and I expected to find, about in the middle of the run, the plates 
smashed and distorted on the face. We examined the plates 
under 2 glass before they were placed on the press and again at 
the end of the run, and to my surprise we went through the entire 


*! Mechanical Superintendent, McGraw-Hill Publishing Company, 
New York, N. Y. 


run, which by the way on our papers is not very high because of 
the nature of our product—the largest run we have is 32,000. 
In our experiment we found that offset was eliminated almost. 
entirely, and on the test of the plates after the run had been com- 
pleted there was no evidence of any indentation into the shell. 

The traveling offset roll was a bugbear because of the frequent 
stops in our run to change the roll back and forth, and then the 
accumulation of ink, in spite of the wipers we had on the machine, 
gave us considerable offset from that point. 

We not only eliminated the traveling roll and the expense of 
it, but we eliminated the tension man at $57 per week on three 
machines, and we are carrying today a quantity of ink on the 
inside of the sheet equal to that on the outside. Our forms, so 
far as the particular individual plate is concerned, are full-page 
7 by 10 halftones, and the quality of our printing is materially 
improved. 


CHAIRMAN Huson. The hour has come for adjournment, 
but I think I ought to suggest one thing that is in all your minds. 
I know you feel that we have been treated wonderfully well by 
the Carnegie Institute of Technology, and I do know that its 


_ people have worked very hard to make this conference a success, 


and I feel that we should call upon Mr. Jewett, who is chairman of 
the Research Committee of the Division, to speak a word to us. 

Mr. Jewett. When the Research Committee was working, in 
the early days of the preparation for this meeting, some of us 
felt a great deal of uneasiness lest we should not be able to prepare 
a program that would be worthy of the attention of the important 
men in the industry whom we hoped to have present. Through 
the cooperation of the other organizations that have joined with 
us and the hard work of Mr. Edward Pierce Hulse at Division 
headquarters, a program was prepared that we finally felt we 
should not be ashamed of. Your response to the invitation to 
attend and participate in this conference has exceeded our 
fondest expectation. We are very much gratified at the repre- 
sentative attendance which we have had here, and we hope it 
has been of benefit to every man who has given of his valuable 
time to attend. 

President Roosevelt, in a speech which I think he made in 
Pittsburgh, remarked that every man owed it to his profession to 
give something of his time and effort for its advancement. I 
feel that that is what we are doing in these efforts at this con- 
ference. 

At the informal business dinner tonight there will be no set 
speeches, but just a general devotion to business, to considering 
what can be done that will really be of value and to bring further 
service along these lines, and I hope that something really worth 
while may come out of it, to the benefit of the industry. 

It has seemed to me, in listening to some of the papers, which 
I know contain even more valuable data than appeared on the 
hasty presentation that had to be made, that it would be a valu- 
able thing if this great body of technical men in the printing in- 
dustry could at least have the opportunity of meeting together 
to discuss scientific advances once a year. I do not know what 
plans might be made in that direction, but I want in closing to 
ask a word from Mr. Hulse in that connection. 

Mr. Hutse. Before this conference had completed its first 
day it was apparent that another meeting must follow—one 
that could give a practical demonstration of many of the tech- 
nical things so well described, a sort of laboratory demonstration 
of these technical points and processes. We hope to be able to 
hold this in Washington, where the Government Printing Office 
and the headquarters of the United Typothetae of America are 
located, so that the delegates to that gathering shall have all 
the advantages that the presence there of these great organiza- 
tions can supply. 
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for 1929 through the chairman of the Progress Report 

Committee, Mr. Winfield 8. Huson, feels that it is some- 
what of a coincidence that the first development chronicled 
should be a continuation to so marked a degree of the 1928 re- 
port; for the teletypesetter is the latest development in the 
field of setting type by mechanical means. As its final appli- 
cation is to the keyboard of slug type-casting machines, and as 
electricity plays a prominent part in the operation, it will be 
noticed that it not only extends the usefulness of the casting 
machine but, too, amplifies the means by which news may be 
transmitted quickly from a central point to others more or less 
remote; and as news is one of the vital needs of today, the tele- 
typesetter’cannot help but be of interest in its parts and method 
of manipulation. It really is a combination of units by means 
of which the typesetting machines set the type or matrices by 


Te Printing Industries Division, in presenting the report 


Fie. 1 TEeLetrypesetrer, SHOWING THE SENDING MACHINES, TELE- 
TYPE CoRPORATION, CuicaGo, ILL. 


telegraph, and the development was made possible by the recent 
great advances in the technique of telegraphic communication. 
Briefly, the sequence of operations is, first, a perforator which 
punches a paper tape 7/s in. wide with subject-matter to be ulti- 
mately set in type, the perforations being in code. The tape 
then passes through a transmitting distributor, which trans- 
lates the code into electrical impulses, which may be carried 
over telegraph wires to long distances, as one transmitting dis- 
tributor can send out impulses which may be received simul- 
taneously by any number of stations. In connection with the 
perforator, a teletype will print by impulse from the tape, whereby 
the operator can see and check a typewritten copy of the message 
being sent. 

Fig. 1 gives a very good idea of the sending means. It will be 
understood that the perforations constitute electrical impulses 
of varying intensities which are transmitted over the wires and 
which act upon a receiving perforator which punches a tape 


corresponding with the original tape and also gives a typewritten 
copy enabling an operator to edit the matter as it is received. 

The group of machines in Fig. 2 shows the installation con- 
nected with the keyboard of the type-casting machine. The 
punched tape passes from the receiving perforator to a trans- 
mitting distributor which retranslates the message into elec- 
trical impulses and automatically decodes it. The final mecha- 
nism then operates the key reeds controlling the type matrices, 
and the casting of the lines of type automatically proceeds the 
same as when the machine is operated by hand. There is no 


Fic. 2. TeLetypesetrer, SHowInG DecopING AND OPERATING 
MECHANISM, TELETYPE CORPORATION, CuicaaGo, ILL. 


material alteration required from the original form of a hand- 
operated machine, and the application of the teletypesetter is 
very simple. 

There is of course much detail that cannot be gone into at 
this time; nevertheless, it is an example of the trend of the in- 
ventive mind to eliminate still more the need for manual opera- 
tion in the ordinary sense, as well as also effecting the great 
saving of time that results in the transmission of matter to 
various points. 

Here, too, enters a thought regarding the transmission of pic- 
tures by radio and their quick conversion into printing plates 
for the press; for as the pictures are received, the skill of the 
photoengraver and the electrotyper is called into service, and 
pictures of current events may be electrically transmitted and 
then printed the world over. 

Then, too, there is the present-day sending of telephotographs 
in which it is possible to telegraph a photograph, an illustration, 
or anything that can be photographed, and have it reproduced 
with fidelity in a very brief time, or at least as fast as a telegram, 
whether the distance be short or thousands of miles away. 

Thus we find the mechanics of material things effectually 
bended to ethereal phenomena in a pictorial form which every- 
body can comprehend. 

How quickly we move will find an illustration in the teletype- 
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setter; and also today there are going on experiments having 
for their ultimate development the composing of matter by 
photographic means, the end in view being the use of dupli- 
cate films from which printing can be very rapidly done. This, 
if brought to successful fruition, will compel very radical modifica- 
tions in our present machinery and in all probability involve 
color work in speedier and more beautiful production. So in 
the printing industries, as in everything else, there is always 
something more to be done; and invention, development, and 
application are ever present in opportunities for the laboratory 
and the engineer. 

In the foregoing we have spoken of means for quickly pro- 
ducing type and pictures necessary for the dissemination of news. 
There is, however, one other very necessary factor, and that is 
paper; and while it is not the intention to deal here with its manu- 
facture, the improvement made in the machinery for winding 
rolls of paper is worthy of mention. In the modern high-speed 
rotary presses, their potential speed cannot be fully reached be- 
cause of the limitation imposed by uneven or unbalanced rolls 
of paper, which are so conducive to broken webs. The great 


Fie. WINDER AND SLITTER, CAMERON MACHINE COMPANY, 


Brooktiyn, N. Y. 


consumption of paper and the necessary high-speed production 
have compelled development in winding machinery which only 
a few years ago was considered unnecessary; but the develop- 
ments in paper-making machinery and in calendering machines, 
such as referred to in last year’s report, have made it necessary 
to have winders that will produce true rolls of paper. 

In Fig. 3 is shown a roll winder and slitter for newsprint made 
in very wide webs which are slit and wound into several units 
of required press widths as shown in the foreground of the pic- 
ture; and here again, while space does not permit detail, these 
winding and slitting machines have been developed to a high 
state of perfection and operation. The endeavor has been to 
meet such comment as that of the head of the mechanical de- 
partment of a large metropolitan daily, who said: “If by a per- 
fect roll you mean one that is perfectly round, straight, and even 
on the ends, and equally firm and held throughout the run, then 
we shall have one that will unwind at top speed without jump, 
vibration, or web break.” In the picture there also is an oppor- 
tunity afforded for judging of the great amount of room required 
in just one item of the machinery of the Printing Industry. The 
web of paper in this case is about 266 in. wide, and the length 
of room required can be judged by the length of the paper-mak- 
ing machine in the far background, then the paper-calendering 
machine, and finally in front, the winder; for these units are 
operating really as one, and as the production speed is high, 


in the neighborhood of 1000 ft. of paper per minute, some idea 
may be had as to what engineering in paper mills means, not 
only from the structural standpoint but also from that of founda- 
tions and, by inference, of materials handling. 

There is a feature in connection with the manufacture of paper 
that also enters into printing, and that is air conditioning, in 
which marked advances have been made. There is now no 
question that air humidification and air control are becoming 
more and more necessary adjuncts to the printing industry in 
all its ramifications, and from simple beginnings this feature 
has grown into a real engineering activity, not only because of 
its value in providing clean, healthful air within a factory, but, 


Fie. 4 Typican CenTRAL-STATION HuMIDIFIER AND WASHER, 
CARRIER ENGINEERING CORPORATION, NEWARK, N. J. 


Fic. 5 Sree.-Ptate Power Press, R. Hor & Co., Inc., New 
York, N. Y. 


too, because it certainly is becoming more and more necessary 
in preserving uniformity in the moisture content and other fea- 
tures of the paper, particularly in color work, where the uni- 
formity of air conditioning and the ability to control it in degree 
have made for better working conditions and better output. 

From the standpoint of printing, a quotation from Mr. J. 
Horace McFarland* would not be out of place and undoubtedly 
would pertain to other plants where air-conditioning apparatus 
is installed. It may be said that a recent installation has been 
placed in one of our large Midwestern newspaper plants, to the 


62 President, Mount Pleasant Press, Harrisburg, Pa. Member 
Research and Survey Committee, A.S.M.E. Printing Industries 
Division. 
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better service in every way of men and machinery. Quoting 
from Mr. MacFarland: 

“From the human standpoint, experience seems to show that 
if air conditioning could be included in the primary provision 
for any particular plant, it would be advisable by reason of the 
greater comfort and consequent better morale it provides. Press- 
room workers have told me that they do not have the late-after- 
noon fatigue, and we estimate an increased production due to 
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needed to complete the work. Under this latter rule in one 
season we added something like 1500 press hours, which, at an 
average cost of $3.55 per press hour, was an expensive matter, 
independent of the loss of productive time. 

“Now, under complete and orderly air conditioning, involv- 
ing dehumidification as well as humidification, we lose none of 
this time. Our spoilage allowance is decreased and the work 
is improved in quality throughout. 


Fic. 6 Newspaper Rotary Printinc Press INSTALLED IN PLANT OF CLEVELAND “News” sy R. Hoe & Co., New York, N. Y. 


air conditioning a very definite amount, quite justifying the ex- 
penditure. 

“The other standpoint of consequence relates to precision in 
work in color printing. It happens that the business I direct 
depends on accuracy for its prosperity, and that variation in 
shades used on a woman’s face in modern color printing which 
is accepted as a delivery of good color printing would be utterly 
impossible when the subject is a tomato or a rose, a bunch of 
grapes, or a spike of delphiniums. Our customers sell by color, 
and form and accuracy are essential. It is indeed this success 
of sales effort that we are selling to our customers rather that 
mere printing. 

“So uniformity of condition in which various colors are super- 
imposed is quite essential. We got along for many years by 
allowing for abnormal spoilage due to variation in register and 
by actually waiting while the humidity fluctuated to what we 


“Tt is, I think, a significant advance in printing engineering 
that attention should now be paid to air conditioning, but it 
is likewise a misfortune that so much gross ignorance is being 
manifested as to what air conditioning is. 

“As I see it, printing as the basis and support of all modern 
and industrial progress needs continually better engineering, 
and it is the engineering manifested in air conditioning that I 
now most heartily commend.” 

Fig. 4 gives an idea of the extent of apparatus for condition- 
ing air, the incoming air being thoroughly washed and passed 
through an eliminator, caught by a circularizing fan, and sent 
through the duct system to various parts of a plant. There 
is also applicable to the system the means for withdrawing the 
air and supplying fresh air at stated intervals, and for installing 
recording instruments which give the exact condition of the air 
in a room, so that the whole is under constant control. 
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There is also another important gain in air-conditioned press- 
rooms. <A great deal of dust, which always has been a source 
of annoyance in fine printing, is drawn out, while the incoming 
air is kept as free from dust as it is possible to have it. 

One form of printing which, because of the advance of photog- 
raphy and advances in the art, has been pushed aside is that 
of steel-plate engraving. There are comparatively few examples 
of it in modern printing; still there can be no less of admiration 


A new steel-plate power press has been brought out, and its 
construction has been carried to a high degree of perfection, 
not only in its mechanism, but also in the character of the work 
done and the elimination of much of the manual hand labor 
that pertains to the old method of producing these prints. 

Fig. 5 is an illustration of a power plate press taking plates 
up to 22 in. by 31 in. In this press the plate, which of course 
has the design in intaglio, is inked over its entire face; then the 
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for the skill and beauty of some of our old-time steel engrav- 
ings, even if later methods have also produced beautiful pic- 
tures. However, plate engraving is not dead. In fact, let us 
hope there may be a renaissance of this beautiful work. 


plate is mechanically wiped free of excess ink and polished, 
thus leaving the ink in the depressed portions only. The sheet 
to be printed is taken by an impression cylinder, and the plate 
passing under the sheet leaves its design upon it. 
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This description is necessarily brief, but one who knows how 
laboriously early steel-plate engravings were produced, entirely 
by handwork, will appreciate the advance made in this power 
press which is capable of producing upward of 500 impressions 
per hour as against considerably less than 100 by the old presses, 
many of which are still in use. No plates for the printing of 
banknotes, certificates, and the like quite equal the beauty of 
the engraved picture. Let us hope that the skill of the old hand 
engraver on steel plates will not pass out as has taken place 
with wood engraving. 

There is a feature about this press that is worthy of men- 
tion as applying to operative machinery in general, and that 
is the care that is taken to guard as fully as possible the mov- 
ing parts, as so well shown in the picture. 

In last year’s report mention was made of the remarkable 
improvement in the newspaper rotary printing press, and within 
the year there have been marked advances. Fig. 6 illustrates 
a recent installation for a Midwestern daily paper with an hourly 
capacity of 400,000 printed and folded newspapers up to 16 
pages, 200,000 from 18 to 32 pages, or 100,000 from 36 to 64 
pages. The press is equipped with every known device of modern 
practice that can be utilized to reduce time and increase pro- 
duction. It is composed of twenty distinct printing sections 
or units and five “superspeed’’ double folders. The units are 
in line, and each printing unit is composed of two plate and two 
impression cylinders, a plate cylinder carrying eight stereotype 
plates each the size of a page. As there are two cylinders to 
a unit, 320 plates are required to completely cover the twenty 
units. As a single plate weighs about 70 lb., the entire press 
carries a total of more than eleven tons of stereotype metal in 
the form of ‘‘news’’—and that for one daily edition. After an 
edition is finally run off, the plates are removed, remelted, and 
new plates are cast for the next edition. And so the work goes 
on in a big newspaper plant; never at rest, busy molding opinion, 
casting forth matter for public welfare and guidance, then merged 
at the furnace of experience into newer material and again sent 
out in never-ending streams of intelligence and mental food for 
daily, yes, hourly consumption, the demand for which is evi- 
denced by the need for such mammoth presses as here briefly 
described. 

Here is another instance of the space required for what may 
be termed in its entirety a single unit, and which is only one of 
a battery required for some metropolitan dailies of today. In 
considering the space taken there also must be included about 
the same area below the floor through which, when the press 
is operated to full capacity, twenty webs of paper come up to 
the various printing couples. The length is 192 ft., and as the 
width of the web of paper is about 6 ft., and within the side 
frames of the press, when the space taken by machinery and 
passages is considered, 30 ft. would seem to be a minimum 
required width. The weight is about 450 tons, and withal the 
press is very accessible in its parts; in fact, it must be, for all 
moves have to be expeditious. Newspaper men know too well 
what a delayed edition means, and that it must not happen. 
As incidental items it may be said that the paper rolls are 32 in. in 
diameter by about 6 ft. wide, and for an edition of 400,000 16- 
page papers about 300 miles of newsprint weighing 50 tons is 
required as well as 170 gallons of ink. 

The whole equipment is quite illuminating as an instance of 
materials handling. This picture will to some extent illustrate 
how advantageous it is, now that air-conditioning apparatus is 
so dependable, to have it installed in newspaper pressrooms for 
keeping ink, paper, and men in good condition. 

A quite common question is, ‘What becomes of the great mass 
of used newspapers?” The answer, to a large extent, is found 
in the paper box containers now so familiar to us. The card 
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atock is made from waste newsprint and formed into large sheets, 
and in the case of three-ply corrugated board, the sheets are 
pasted together with the corrugated sheet usually in between, and 
then printed, punched, and scored for box purposes. Fig. 7 
shows a two-color printing press and slotter for this class of work, 
the slotting disks being well shown in the foreground. We have 
been so accustomed to thinking of printing plates as of hard ma- 
terial that it is worth noting that boxboard is printed from rubber 
type tacked to cylinders having wooden lagging. This may seem 
a rather primitive way of securing plates and getting register, still 
it fits in admirably for this class of work, as will be readily under- 
stood by pressmen who, in their endeavor to get color register, 
often wish their plates could be rubber too. In the picture the 
space between the inking mechanism shows how readily plates 
can be fastened to the cylinder, as well as the general convenience 
of the machine. In this case, both colors are printed on one side 
of the card stock, which is fed from a roll. The press is only one 
unit in the whole operation, the sequences of cutting, slitting, 
slotting, scoring, and printing, which formerly were done as sepa- 
rate operations, are now combined so that five operations and 
five handlings have been reduced to two, and these two produce 
the boards at a speed of as high as 150 blanks per minute. So it 
may be said that what we look upon as newsprint waste becomes a 
commodity of real commercial value and utility in the form of 
cardboard containers and the like, and to this extent it is an- 
other example of what is being done with a material formerly 
considered as industrial waste. 

In the magazine field a new color press has been brought out. 
This press will print up to five colors on a sheet at one passage 
through the press, the sheets being flat-fed instead of from a 
roll. The press will take various-size sheets up to its maxi- 
mum size of 46'/, in. by 71 in. This would therefore seem to 
make it a very versatile machine. The sheets are automatically 
fed from a pile, and the length of run between final color and the 
delivery pile gives quite an interval of time for some preliminary 
drying of the ink. In this press there is another instance of the 
resort to modern construction, materials, and precision work- 
manship. Ball and roller bearings are used wherever possible; 
so also is an automatic oiling system, operating under pressure. 
The accurately ground cylinders are an instance of what print- 
ing-machinery engineers are doing to meet the ever-increasing 
demand for fine color work, as for instance as shown in Fig. 8. 
The speed of this press is 3000 sheets per hour, which, with five 
colors, would be the equivalent of 15,000 sheets on a single- 
color press. 

It would not be out of place to say here that probably in no 
other class of machinery other than printing is there more in- 
genuity displayed in the utilization of accurate mechanical move- 
ments, for in a five-color press there would be much loss if there 
was a failure of colors to register and print properly at so high 
a production rate. 

A comment by one of our prominent printers is worthy of 
mention at this time. Regarding a tendency to revert to smaller 
presses, he says: “While bigger and better presses will always 
be in demand, there is, in the field of usual printing, a distinct 
trend toward the increased use of smaller high-speed presses. 
There are several reasons, Smaller sizes of printed matter are 
in vogue. Orders are for smaller quantities than formerly. In 
other words, it is the same story as of last year, of hand-to-mouth 
buying and of quick service which small presses can quickly 
furnish, as well as of the mechanical perfection of the small high- 
speed press in which modern design has made possible higher 
speed with least machine wear. There are automatic feeders 
that are fast and positive and that insure operation at full ca- 
pacity; and there also is the fact that the time on small presses 
is but a fraction of that required for larger units, and also that one 
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pressman can operate two or more of these small presses, so that 
this flexibility of equipment tends to outweigh the advantages of 
multiple layouts for larger machines except in the case of very 
long runs.” 

The idea of having this in the report at this time is that the 
same thought seems to be obtaining in the machine-tool field 
regarding the highly organized machines in which there is a 
question as to the ultimate economy of trying to do so much 
within one unit, which could be fully as cheaply done under 
separate operations, particularly where if anything happened, 
say, in the sequence of operation in an automatic, the entire 
tool would be held up. So one can see that in printing there are 
conditions similar to those in other familiar lines. 

There is one line of machinery which enters into the book 
field and the bindery and in which it would seem there could 
not be a separating of units whereby production could be in- 
creased, and that is the book gatherer, stitcher, and coverer, 
as shown in Fig. 9. Gatherers of the type shown have ma- 
terially aided the bindery in the assembling of books and maga- 
zines, and recent improvements have made them still more effi- 
cient and accurate in the completion of their allotted work. 
Large sheets, when folded, become “signatures” in the termi- 
nology of the bindery. These signatures are placed in piles and 
in the proper sequence in pockets at the rear of the gatherer, and 
at the front there is a series of arms corresponding to the number 
of signatures that go to make up a book, and having fingers 
or grippers to seize the signatures as they are drawn from under- 
neath each pile by rubber-capped suction tubes. The suction 
is created by a new form of continuous vacuum pump and tank 
in lieu of the old reciprocating pump, an improvement which 
has materially helped in the continuity of operation. As the 
gripper arms draw the signatures outward, they are dropped 
between pins on a traveling chain so that when the last signature 
is deposited the book is complete so far as its number of pages 
is concerned. As the chain continues to travel, each book is 
carried through a wire stitcher which staples the signatures 
together. A recent improvement in the stitcher, and which 
has taken considerable time to work out, is to have the stitcher 
heads so arranged that each one will be a separate unit, per- 
mitting the disposition of the staples so that they can be driven 
in any position desired. This will be recognized in the bindery 
as a very desirable improvement, tending to better service and 
increased speed. So sensitive is the gathering machine that 
single insert sheets or plates as they are called, and which are 
found scattered through the magazine of today and usually in 
colors, are taken by the grippers in the same manner as the 
thick signature, yet if one of these should be missed, or if two 
thicknesses should present themselves, the machine is immedi- 
ately tripped and stopped. At the same time a target shows 
itself at the pile at fault, so that the operator is enabled to quickly 
correct the mistake and immediately to restart the operation. 
As the books advance from the stitcher, the back of the book 
passes over a glue roller, and as it travels on it is met by a cover 
automatically fed to synchronize with the advancing glued backs 
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and to which the cover adheres. The book is then delivered 
complete, except for trimming by machines of the type shown 
in last year’s progress report. Once this sequence of machines 
is started, it must carry through an edition as expeditiously as 
it is possible to do the work. These machines will gather and 
cover books at a rate of 120 per minute, and further improve- 
ment is being developed to increase this speed. 

There is one form of book which is very familiar to us all, 
and which can be spoken of at this time, and that is the large 
metropolitan telephone book. While gathered in the usual 
way, the thickness of the volume bars stapling, and in order 
to hold the signatures together they are seized in powerful 
clamps and carried to a horizontal cutter which trims off the 
back folds; the book is then glued, and a strip of crash is applied 
just prior to having a cover stuck to it; so that the large tele- 
phone book is really a thick pad of separate sheets. 

Recent improvements here have very materially made gluing 
more perfect, for it has always been a matter of difficulty to 
know that in each book all the sheets are held by the glue and 
crash. Improvements have resulted in so separating the sheets 
that the glue has more opportunity to enter between the edges of 
the sheets; at the same time there must not be an oversupply of 
glue. This combination of operations, all within one unit, is 
spoken of because improvements which were the outcome of long 
investigation and experimentation have resulted in greater facility 
of operation and perfection of work, and the almost human action 
of the machine as a whole speaks well of the ingenuity of the en- 
gineer in his devotion to continuity, application, and improve- 
ment in extant machinery, particularly of that class where mite 
is so vital in quantity production at fixed intervals. 

An unusual application of a well-known material has come 
to the front in the use of carborundum paper in place of the 
usual manilla as a packing for impression cylinders on high- 
speed web presses, particularly of the magazine class. Two 
instances are cited to show how unusual results of practical 
value will occur when a means to an end is carefully analyzed 
and sought for. In the case of the carborundum paper, Mr. 
A. H. Pugh, Jr.,** says: “It is a most useful novelty from my 
point of view. It is very instrumental in preventing offset to 
the extent that it is much better and simpler. In the rotary 
press, in which a traveling tympan is used, it will not only ma- 
terially help in reducing offset, but it also requires very infre- 
quent cleaning.”’ Mr. T. S. Walling,** who has experimented 
for a long time with the carborundum tympan paper, says: 
“Tt is used in our plant because the saving of time, which of 
course gives increased production, would approximate several 
thousand dollars per year in the web-press department in the 
publication of fine periodicals. The carborundum sheet is made 
up of 280 particles of Aloxite grain to the inch. The web-printed 
sheet is offset against this fine mesh, resulting in surprising clear- 
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ness, and excepting in the case of extremely heavy forms, it is 
not necessary to wash this packing under 35,000 impressions.” 

So it would seem that printing in its ramifications draws from 
the field of almost everything in some way or other that concerns 
the industrial world. 

While 1929 may not have shown radical development, never- 
theless there have been improvements, and there is a deep investi- 
gation now going on in all the machinery, in press methods, 
and the like, seeking the end that characterizes our industrial 
activities, better service. 

Mr. Joseph M. Towne® touches upon a phase of modern de- 
velopment when he says: “The mechanical perfection of high- 
speed presses has reached new high levels. Modern design 
has made possible higher speeds. Time and men are being 
conserved and the machinery in the various departments of 
production made generally more adaptable and more economi- 
cal for the general run of work.” 

At the recent machine-tool builders’ exposition at Cleveland, 
there were some remarks made at one of the meetings that would 
fit in this report, for, after all, printing and allied machinery 
are machine tools to a large extent, and the same viewpoint ap- 
plies to them as to machine tools as we ordinarily think of them. 
It was there said: 

“This is the day of the special-purpose machine. The special- 
purpose machine is a symbol of the American spirit of industry; 
never at rest, always seeking to do something better and quicker. 
The human element is gradually giving way to mechanization, 
not with the result of doing away with the workman’s job, but 
giving him more leisure time, more playtime, with more intensive 
work to do and with more machines to handle while he works.” 

Mr. John Clyde Oswald® has expressed some very good 
thoughts that will bear repeating at this time because they touch 
upon the man side, particularly as involved in the printing 
industry. He says: 

“From the standpoint of the human unit side of the industry, 
changes occur slowly. It is made up so largely of small units, 


_that large plants remain an exception to the rule, and the gen- 


eral character of the industry is determined by medium- and 
small-sized plants. This, together with the small average size 
of plants, means that a situation of personal relationship between 
the employer and the employed prevails very largely in the 
industry. You are probably familiar with the fact that in the 
reports made to the Census Bureau the number of individual 
printing plants reporting is larger than is the case with any other 
industry in America. The degree of trade-union organization, 
while fairly high for the industry as a whole, varies considerably 
from city to city, and there are all degrees between the highly 
open-shop condition in such cities as Los Angeles, Philadelphia, 
Boston, and Baltimore and the highly organized cities of New 
York, Washington, and Indianapolis. 


® Vice-President, National Blank Book Company, Holyoke, 
Mass. Mem. A.S.M.E. 

*6 Managing Director of the New York Employing Printers’ Asso- 
ciation. Mem. A.S.M.E. 


“Development of the man power is largely dependent upon 
apprenticeship work. The printing industry is regarded as 
a leader in industrial education. It is establishing a research 
endowment at Carnegie Institute of Technology, and through- 
out the United States is cooperating with labor unions and local 
educational authorities in conducting apprenticeship schools. 
Its system of adult education is also important. Apprentice- 
ship training has been recognized in the work of certain individual 
plants, the R. R. Donnelley plant in Chicago standing out in 
this respect. 

“Owing again to the small size of the average plant, there 
has not been much done in the industry in the development of 
wage-incentive plans or scientific management. There is prac- 
tically no piecework in the industry except in certain almost 
unskilled tasks in the bindery. On the whole, the labor prob- 
lem in the industry is that of developing skill in its employees 
rather than the technique of mass production. 

“Since the industry is largely of a made-to-order nature, labor 
can be replaced by machinery only within certain limits, and 
individual skill will remain an important factor.” 

One can see, from the foregoing, that it would seem there is 
opportunity for greater development. This leads to the thought 
that the same question is involved as in other industrial branches, 
and that is the deep consideration that is being given to the 
man side, in education, length of work period, some leisure for 
the working people, and the building up of adequate compen- 
sation. This has led to the consideration of a factor that has 
been rarely thought of in its relation to industry. There is a 
mass of opinion on production and on intensive selling, and 
though the thought may seem hardly worthy of mention, never- 
theless there is the factor of buying that enters into our general 
economics. ‘True, men and women of wealth are doing a great 
work in their contribution to the general welfare of the people, 
but it is the class of industrial workers that constitutes the real 
purchasing power of the country, and in reasoning this out, it 
would seem that if this great mass of people were enabled to 
have periods of playtime, and while at work their work would 
be more intensive, still in the finality there would be more time 
and really more incentive to buy, and thus keep the wheels of 
industry turning, were time given for working people to realize 
that they could exert intensity of purpose in their leisure time 
as well as in their work hours. 

We know very well of comments that have been made on 
recent unfortunate situations in labor conditions here and abroad 
and leading to the idea that perhaps here is opportunity for 
further consideration. The printing industry with its oppor- 
tunities offers a good field for the application of comprehending 
Engineering in Industrial Humanities. An excellent expres- 
sion of this thought is well summarized by Mr. McFarland when 
he says, “As I see it, printing as the basis and support of all 
modern industrial and social progress, needs continually better 
engineering,” and this applies to the man as well as to the ma- 
terial side. And in further emphasis, President Hoover has 
expressed himself in part of his Dearborn address of tribute 
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to Mr. Edison at “The Golden Anniversary of Light’’ as follows: 

“T may emphasize that both scientific discovery and its prac- 
tical application are the products of long and arduous research. 
Discovery and invention do not spring full grown from the 
brains of men. The labor of a host of men, great laboratories, 
long, patient, scientific experiment build up the structure of 
knowledge; not stone by stone, but particle by particle. This 
adding of fact some day brings forth a revolutionary discovery, 
an illuminating hypothesis, a great generalization, or a practical 
invention. 

“Research both in pure science and in its application to the 
arts is one of the most potent impulses to progress. For it is 
organized research that gives daily improvement in machines 


and processes, in methods of agriculture, in the protection of 
health, and in understanding. From these we gain constantly 
in better standards of living, more stability of employment, 
lessened toil, lengthened human life and decreased suffering. 
In the end our leisure expands, our interest in life enlarges, our 
vision stretches. There is more joy in life.” 

So ends the 1929 report, and let it here be said, the Printing 
Industries Division of the Society is imbued with that broad 
spirit of research and achievement so characteristic of the engi- 
neering activities in America and, in the case of printing, of such 
world-wide import to the peoples of the earth. There is none 
other greater guide and educator than the printing press in its 
mission of service, never dying, ever living. 
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field during 1928. There has been a continuation of steady 
progress along the lines of a better utilization of equipment, 
with the result that the manufacturers of locomotives and cars 
have had another year of minimum business. Long engine runs, 
better engine maintenance, and a still further drop in the weekly 
car loadings than 1927 showed below the 1926 figures have re- 
sulted in storing a large number of locomotives in good order. 
The railway-equipment manufacturers and related industries 
are confronted with a serious economic problem due to the tre- 
mendous fluctuations in the volume of orders. Since 1900, the 
annual orders for locomotives have ranged from 214 to 6265, and 
for freight cars from 22,062 to 341,315. In 1927 the number of 
locomotives ordered was only 56 per cent and the freight cars 
only 76 per cent of the average for the last five years. During 
the first nine months of 1928 but 50 per cent as many locomotives 
and cars were ordered as in the corresponding period of 1927, so 
the builders are operating at 29 per cent and 38 per cent of 
normal. The producers hardly know what to do to arrange for 
a curtailed output in the future, fearing that extreme demands 
will be made on their plants and equipment as in the past. 


[sea are some important developments to record in our 


INFLUENCE OF AUTOMOBILE AND AIRCRAFT COMPETITION 


The influence of activities in the automotive field is affecting 
other branches of industry. Also, with the larger application of 
automotive vehicles taking the place of older existing construc- 
tions, the railroad-equipment industry must fit its equipment to 
take care of such developments in practice. 

The surplus-car figures have also remained at high levels 
throughout the year, and there has been no lack of adequate 
transportation in any part of the country. In fact, for practically 
the past twelve months, every car of whatever class, ordered by 
any shipper anywhere, has been delivered to him for loading on 
the day he asked for it. 

The general speeding up of freight transportation throughout 
the country continues to be developed. While this report is being 
written, the technical papers record the cutting down of time for 
the delivery of fruits and perishables from southeastern Texas to 
the St. Louis market by two days. During the last spring the 
Florida lines improved their service and reduced the time to 
northern markets by two days. The Commerce Year Book of 
the U. S. Department of Commerce has this to say in its most 
recent publication: 

Economy and efficiency have been particularly noticeable in the 
operation of our railways since 1923. Traffic was moved without 
delay or interruption, with no car shortages and high car surpluses. 
The movement of goods during 1927 was completed with the great- 
est rapidity in railroad history. Gross ton-miles per train-hour 
during the year showed an increase of 47/2 per cent as compared 
with 1920. The railway executives have now accomplished their 
objective—to have the right kind of car at the right place at the 
right time and in proper condition, and to make prompt delivery of 
all shipments at point of destination. 

But there is another side to this picture. As of December 31, 
1919, the Interstate Commerce Commission set the value of the 
railroads of this country at $19,800,000,000. In accordance with 
the terms of the Transportation Act, 1920, it decided that a fair 
return on that valuation was 5°/,per cent, but no guarantee of sucl: 


a return was contemplated; as a matter of fact, it has never been 
earned. Notwithstanding the billions of dollars invested since, 
and the acknowledged efficiency and economy with which the 
railroads are being operated, the return being earned on the in- 
vestment has dwindled until it almost ranks with savings-bank 
interest. Privately owned automobiles and buses have reduced 
railroad passenger earnings until they are now about $800,- 
000,000 less per year than they would have been if the rate of 
growth had continued since 1920 as it had been before. 

At first it was thought that the competition of buses would be 
limited to short-haul riders, but the length of bus routes has 
grown until it has reached transcontinental proportions. The 
trip from New York to Los Angeles takes less than six days. On 
the Pacific Coast there are buses in operation which carry 26 pas- 
sengers, with sleeping accommodations, meals, and toilet facilities. 

The past year has seen in print considerable criticism of the 
railroad industry for its apparent lack of progress as compared to 
other industries, and many comments have been made relative to 
its unfavorable economic situation. Quoting a recent editorial 
from a prominent newspaper: “The buses and the airplanes are 
cutting deeper every day into passenger revenues. The bus 
takes the short hauls now and the airplane is likely to take the 
long ones before many years. The prospect for freight traffic is 
little better. The tendency in industry is against the movement 
of bulk freight by rail. Oil moves by pipe line; more efficient 
power plants burn less coal and burn it nearer the mines. Con- 
gestion in the rail terminals and lower costs are bringing a renais- 
sance of inland waterway traffic for bulk freight. The trucks 
are taking much of the short-haul freight.”” The views expressed 
in this editorial are a fair sample of many others, and, because of 
the effect that a general belief in such views may have on the 
railway mechanical engineering profession, the Railroad Division 
considers it advisable to present the following facts relative to 
the present economic condition of the industry. 

In spite of adverse conditions, the railroads have invested so 
much capital and used it with such skill and have been so suc- 
cessful in gaining the cooperation of shippers and employees 
that railway properties have been put in unprecedentedly good 
condition; that railway service has been made better than ever 
before, and that, in proportion to the wages and prices they must 
pay, the railways are more economically operated now than ever 
before. 

Since 1920 the average speed of freight trains has been in- 
creased 25 per cent, the average number of freight cars in each 
train, 34 per cent, and the average hourly service rendered by 
each train in carrying freight, 38 per cent, while the amount of 
fuel consumed in proportion to the service rendered has been re- 
duced 22 per cent. As to congestion in rail terminals, there has 
been practically no such congestion for five years. 

The railroads now have 33 per cent less passenger business 
than eight years ago. Previous to the war their freight business 
increased an average of 5 to 10 per cent a year, but since 1920 it 
has increased an average of less than 1 per cent a year. This 
diversion of business in the future will have the same effects it has 
already had: namely, to make larger than it would otherwise be, 
the cost of handling each unit of their traffic and to curtail their 


net return. 
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It is plain that if present tendencies are not arrested they will 
result in crippling the railways. If they are to be arrested in 
time, organized and powerful resistance must be offered to them. 
Public men and men in other lines of business apparently will do 
all they can to break down the railroads until those who make 
their living in railway transportation do what is necessary to 
make them realize that this is what they are actually trying to 
do. It is on account of this situation that a considerable portion 
of this report is devoted to the economic situation of the railroad 
and railway-supply industries. 

Twenty-five years ago the Wright Brothers succeeded in stay- 
ing in the air a few seconds and flying 700 feet. In 1908 Blériot 
flew across the English Channel. Last year Lindbergh flew from 
New York to Paris in 33'/; hours, and last month Goebel flew 
from Los Angeles to New York in 19 hours. Airplanes have 
stayed in the air 65 hours, have attained speeds of over 300 miles 
per hour, have crossed every ocean, and are flying millions of 
miles each year in commercial service. 

To take but a single company, the Imperial Airways, Ltd., of 
Great Britain, has flown its ships in the last three years over 21/3 
million miles, and carried over 50,000 passengers without a single 
injury of any kind to any passenger. 

The railroads of this country have not done much yet to meet 
this competition, with the exception of three Eastern and three 
Western lines. One of these groups announced last summer the 
formation of a company to establish a coast-to-coast air-rail 
service. Passengers could leave New York about six o’clock in 
the evening and ride in a sleeping car to Columbus, Ohio, where 
they would arrive after breakfast the next morning. Taking a 
plane there, they would fly to Kansas City by evening, and then 
ride in a sleeper again to a point in New Mexico, where they would 
fly to Los Angeles, arriving there in the afternoon, making a two- 
day trip. The other route provides for leaving New York by 
sleeper in the evening, disembarking from the train after break- 
fast the next morning at Cleveland, and flying to Chicago from 
there. A scheme has also been set up for transcontinental passen- 
gers arriving in Minneapolis or St. Paul in the morning, flying to 
Chicago in 3'/; hours, and then resuming their train journey by 
sleepers leaving about noon. 


LOCOMOTIVES 


During the past year, however, the railroads have not been 
idle. In addition to the constant efforts to speed up rail trans- 
portation which have already been referred to, there has been 
continuous progress in the direction of building more powerful 
locomotives. 

Attention was called in the report of progress in railway me- 
chanical engineering which was presented by the Railroad Di- 
vision during the Annual Meeting of The American Society of 
Mechanical Engineers in 1927, to the increased use of the four- 
wheel trailer truck. Most of the locomotives built during the 
past year with four-wheel trailer trucks have been of the eight- 
coupled type, some with two-wheel leading trucks and others with 
four-wheel leading trucks. The primary object of the four-wheel 
trailer truck is to secure larger boiler capacity and better boiler 
proportions. Larger boiler capacity means more horsepower, 
and more horsepower means the maintenance of existing schedules 
with heavier trains in passenger service and the hauling of heavier 
trains or increases in speed, or combinations of both of these 
factors, in the case of freight-train service. 

The trend toward intensive capacity development in single- 
unit coupled wheelbases has left little field for the compound 
articulated locomotive with its excessively large low-pressure 
cylinders and high back-pressure horsepower and its difficult 
working stresses at other than slow speeds. The substitution of 
simple for the compound cylinders, however, has given the articu- 


lated type a new lease of life and it is performing splendid service 
on a number of railroads. This type of locomotive continues to 
receive attention where extremely large tractive force is required, 
where grades are long and heavy, or where drag traffic predomi- 
nates. 

There is a marked tendency toward the use of the booster with 
the four-wheel trailing trucks, and in some cases, where the boost- 
ers were not actually applied at the time the locomotives were 
built, provision has been made in the design of the trailer to per- 
mit their application later. An interesting application of aux- 
iliary power to meet special conditions has been made on two rail- 
roads during the past year. On the Norfolk & Western and the 
Missouri Pacific, the tender trucks of several locomotives for use 
in hump-yard service have both been replaced with auxiliary 
locomotives or tender boosters to permit the maximum propor- 
tion of the combined weight of the locomotive and tender for 
adhesion, in service where the slow speed does not ordinarily 
place a heavy tax on the boiler capacity. 

Considerable attention is now being given by locomotive de- 
signers toward obtaining more efficient utilization of the steam 
after it leaves the boiler. The most noteworthy development to 
report is the installation of the Caprotti valve gear on the Presi- 
dent Cleveland, a 4-6-2 type locomotive, built at the Mt. Clare, 
Md., shops of the Baltimore & Ohio. This gear, previous to its 
installation on the President Cleveland, was in service for about 
15 months on a 2-8-0 locomotive on the same road. A number of 
railroads are considering the uniflow system in connection with 
high boiler pressures. Limited cut-off is now an established fact 
and is being put into much of the new freight power being built. 

Alloy steels are being used more extensively in locomotive 
construction. The use of nickel steel in boiler construction is 
receiving considerable attention, especially in Canada. The 
tendency toward replacing built-up structures with single-steel 
castings is shown in the year’s developments. Tender frames, 
including the bottoms of the water tanks, are now frequently pro- 
duced as single castings. Cast-steel locomotive beds have been 
used in numerous instances and designs are now ready, with the 
entire locomotive frame, including all cross-ties, valve-motion 
supports, cylinders, valve chests, smokebox and stack, all in 
one casting. Improved stokers can now be secured which fit on 
existing engines and fire through the present fire door. The 
water-tube boiler demanded by the higher steam pressures is 
past the experimental stage, and the three-cylinder engines are 
giving a good account of themselves. j 

The use of the Type “E”’ superheater and the multiple throttle 
is growing, and recent experiments with pinhole air openings in 
table grates indicate a considerably greater economy of fuel as 
compared to finger grates. 

In other types of motive power there are improvements in 
electric locomotives which add to the efficiency and economy, and 
the Diesel electrics are gaining in popularity. The gas-electric 
railcars are being sold in increasing numbers, and a steam car with 
a high-pressure flash-type boiler and automobile-type multi- 
cylinder engine is beingintroduced Turbine-driven locomotives, 
both direct-gear and clutch drive and electric drive, are still 
under experimentation in Europe, and none has been used in this 
country. The Argentine Railways have reported success with 
a turbine locomotive. 


Cars AND EQUIPMENT 


In the car department the most important development is the 
extension of the use of roller bearings, large orders for passenger 
equipment with roller bearings having been given during the 
past year. Several manufacturers are now ready with roller 
bearings for freight cars, and these will probably be under ex- 
periment in the near future. 
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RAILROADS 


Any discussion of the progress in freight-car design must deal 
largely with the progress of the standardization program of the 
American Railway Association, Mechanical Division. To the 
single and double wood-sheathed box cars, which are now stand- 
ard of the Association, has been added the general design of the 
standard stock car built up on the single-sheathed box-car frame. 
The A. R. A., Mechanical Division Committee on Car Construc- 
tion, presented proposed designs for standard 50-ton and 70-ton 
self-clearing hopper cars; two designs of “‘unrestricted”’ automo- 
bile cars, one with 10 ft. 7'/; in. side-door openings and the other, 
50 ft. 6 in. in length with 12-ft. side-door openings. The Commit- 
tee reported that the proposed “‘unrestricted’”’ dimensions of the 
car equipped with staggered 10-ft. side doors, having openings 
8 ft. 6/, in. in height, would meet the requirements of the ma- 
jority of automobile shippers. It appears that the demand for 
door widths in excess of 10 ft. is at its maximum at present, due to 
the tendency toward the production of smaller passenger auto- 
mobiles. Commercial automobiles, of course, require car doors 
of greater width, which is the reason for having a design with 
12-ft. doors. 

The advantages of standardization of equipment which cir- 
culates as universally as do freight cars are well understood and 
require no restatement in this report. However, it is well to 
keep in mind that standardization also implies the end of de- 
velopment, the completion of progress. The future condition of 
railroad equipment depends upon the ability to maintain a nice 
balance between the best of the past crystallized in standard forms, 
and the new forms which the present has to offer. The American 
Railway Association is a voluntary organization and none of its 
standards are sacred; each will survive or be replaced on its own 
merits, which in itself is sufficient assurance that all legitimate 
outlets for future progress are safeguarded. 

The past year has shown a continuation of the tendency toward 
special interior arrangements of club- and lounging-car facilities 
for use on long-distance trains. This has also been accompanied 
by marked individuality in the treatment of interior decorations, 
hangings, and furnishings. Close attention to the arrangement 
of the kitchen and serving facilities has led to a number of unique 
arrangements in dining cars. Such modern items as electric 
refrigeration, heating and ventilation, radio entertainment, bar- 
ber and valet service, are beginning to find their place in the 
“crack”’ train service now being furnished by the railroads. 

The extreme length and weight of freight trains now being 
operated on some roads introduce severe operating conditions for 
air-brake equipment, and experiments have been made to ascertain 
the requirements for satisfactory service under such conditions. 
Special endeavors are being made to eliminate moisture and dirt 
from brake apparatus and to improve the construction of all 
component parts so that they will function for a longer service 
period without attention. Because of the extreme length of 
trains, communication between the locomotive and caboose is a 
serious problem, and experiments have been conducted to deter- 
mine the feasibility of transmitting sound signals through the 
compressed-air train line. 

Attention is being directed to the improvement of the spring 
support between trucks and car bodies with a view to avoiding 
excessive loads on rails, minimizing side sway of cars with higher 
center of gravity, and improving tracking on curves. Devices 
developing combined spring and frictional resistance are being 
introduced experimentally in an effort to solve this problem. 

In the field of shop tools and equipment, radical changes are 
taking place. The growing size and adaptability of milling 
machines is improving the quality of the work and reducing the 
cost, and precision grinding is being used on numerous operations 
which were formerly done on other machines. Grinding the 
cylinders of air pumps, for instance, gives perfect alinement and 
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a glass finish which greatly lengthens the period between over- 
hauls. 

Electric and gas welding are being more universally adopted, 
and welded buildings and bridges are now being used. 


MAINTENANCE OF Way 


In the maintenance-of-way field there is a growing tendency to 
utilize labor-aiding machinery, and ballast-cleaning, tie-tamping, 
and rail-laying operations are now done mechanically on a large 
number of roads. 

A special ballast-cleaning machine has been developed for one 
of the Eastern roads which has a capacity of cleaning more than 
1000 ft. of the intertrack space an hour. It digs up dirty ballast 
from between the ends of the ties on adjacent tracks, screens the 
dirt out, carries the dirt to a series of hopper cars in the rear, and 
deposits the clean ballast back in the “‘seven-foot.” 

Building up battered rail ends by electric and gas welding has 
made great progress, and is now being frequently used to restore 
smooth-riding qualities to worn rails. 


PROFESSIONAL SERVICE 


The Railroad Division’s Sub-Committee on Professional Ser- 
vice presented its final report on the general subject of the me- 
chanical engineer in the railroad and railway-supply industries 
at the Student Branch Meeting of the Metropolitan Section on 
March 14, 1928. This report was published in Transactions, 
A.S.M.E., vol. 50 (1928), no. 11, paper no. RR-50-2. In addition 
representatives of the Sub-Committee on Professional Service 
have met twice with representatives of the Society for the Pro- 
motion of Engineering Education, Committee No. 25, Relations 
of Colleges and Railroads; the American Railway Engineering 
Association, Committee No. 24, Relation of Colleges and Rail- 
roads, and the Committee on Public Relations, Eastern Presi- 
dents’ Conference. These meetings, which are to be continued, 
have been promoted by Committee No. 25 of the Society for 
the Promotion of Engineering Education. Although only two of 
these joint sessions have been held during the past year, there is 
evidence that they are already beginning to show results. It 
was voted at the meeting held in Pittsburgh, Pa., during the 
Spring Meeting of the A.S.M.E., May, 1928, to continue the dis- 
cussion further at the Annual Meeting in December, 1928. 

Questionnaires mailed to the honorary chairmen of the student 
branches of the A.S.M.E. resulted in a total of 37 replies. Seven 
questions were asked, the answers to which will be reported and 
discussed in a paper to be presented at a later meeting. Of the 
37 technical institutions, 10 favored a special course in railway 
mechanical engineering, while three stated they were in favor of 
such a course for graduate students. Quite a few reported that 
they believed it impossible to work in such a course with the 
regular four-year curriculum. A large majority expressed the 
opinion that the railroads did not offer as attractive a field as 
other industries, and that the salaries at starting were too low 
One of the most interesting results accomplished by sending out 
this questionnaire was to learn that quite a number of educators 
in mechanical engineering do not approve of the four-year special 
apprentice course offered by many of the Class I railroads. Fur- 
thermore, some went so far as to state that the present special 
apprentice-training courses did not prepare the technical graduate 
for the kind of work he was to do, and that they kept good men out 
of railroad work. The most general criticism was that the special 
apprentice course only led to work in the mechanical department 
and did not prepare men for work in the other departments. 

Considering the findings of the Railroad Division’s Sub-Com- 
mittee on Professional Service, together with the replies to the 
questions sent to the various technical institutions, it is believed 
that an institution offering courses in mechanical engineering 
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could offer a better-balanced course if the design of motive power 
and rolling stock were included in the regular mechanical-en- 
gineering curriculum. 

The Executive Committee of the Railroad Division wishes also 
to report that the President of the Society has appointed a 
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Standing Committee on Professional Service which has held one 
meeting, and that the work of investigation initiated by the 
Railroad Division Sub-Committee is being continued by a number 


of other professional divisions of the Society. 
Eimer, Chairman. 
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Solid Carbon Dioxide for Railway 
Refrigerating Cars 


Advantages of This New Product and the Savings Effected by Its Use 


By J. W. MARTIN, JR.,1 NEW YORK, N. Y. 


ODERN appetites demanding the delicacies of the whole 
M world have forced the development of safe transportation 
for perishable commodities over long distances. The 
immense development of the refrigerator-car service of American 
railways and innumerable patents covering improved methods of 
cooling goods in transit amply attest the desirability of more 
efficient and more economical mobile refrigerating units. Sur- 
prising though it may be to those familiar with the laboratory 
curiosity, carbon-dioxide snow, this is providing the most economi- 
cal mobile cold. 

Portable cold can be produced by the use of portable editions 
of the well-known compression and absorption refrigerating 
systems, but to be commercially practical in such service as is 
required of refrigerator cars, a completely dependable source of 
power must be provided. On electric railways this exists, but 
the proportion of electrified trackage in this country is so small 
compared with the steam mileage as to be almost negligible. In 
the absence of such a dependable power source, one is practically 
limited for mobile refrigeration to stored cooling power, which is 
merely another way of saying “latent heat.” The problem of 
using latent heat for cooling purposes reduces itself to the selec- 
tion of a material having a relatively high latent heat and one 
which is not too expensive to be thrown away after it has served 
its purpose. In this class nature and civilization have provided 
only three raw materials whose value in their natural state is 
absolutely nothing. Air, water, and carbon dioxide are so 
plentifully and so widely distributed throughout the world that 
the only necessary costs attached to them are those inherent in 
applying them to the purpose in hand. The latent heat of vapor- 
ization of liquid air is only about 90 B.t.u. per lb. and the cost of 
preparing it by any methods we now have is excessive for this 
amount of cooling power. There are other factors, of course, 
which enter the liquid-air situation, such as the danger of ex- 
plosion, ete., which render its present use impractical. The 
latent heat of fusion of ice is 144 B.t.u. per lb. and since its tem- 
perature of melting, as well as its cheapness, are well within a 
reasonable range, it is not surprising that water ice has furnished 
the world with portable refrigeration for several generations. It 
is only within a very few recent years that successful efforts have 
been made to apply the third great costless raw material to the 
problem of portable refrigeration. Carbon dioxide, familiar to 
every one as a constituent of soda water, the air we breathe, or the 
flue gases of our chimneys—depending upon one’s point of view— 
has recently become a significant factor in the field of portable re- 
frigeration. 

Solid carbon dioxide prepared by the compression into blocks 
of the snow formed by rapidly evaporating liquid carbon dioxide, 
possesses an extraordinarily high latent heat, 276 B.t.u. per lb. in 
passing from the solid to the gaseous state up to 0 deg. fahr., and 
at the same time is endowed with several other extremely impor- 
tant characteristics which make it invaluable as a portable re- 
frigerant. Already, under the trade name, “dry-ice,”’ it is revo- 
lutionizing the commercial handling of ice cream in transit, and 


1 Consulting Engineer. 
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its entrance on a large scale into the field of railroad refrigeration 
promises similarly revolutionary results. 


REFRIGERATION PROPERTIES OF SOLID CARBON DIOXIDE 


Solid carbon dioxide is pure carbon dioxide, being made by 
processes which effectively prevent the carrying of any impurities 
that might originally be present in the carbon dioxide into the 
finished product. It evaporates cleanly to a pure and anhydrous 
gas. Its high latent heat allows the carriage of practically 
twice as much cooling effect in one pound of material as is per- 
mitted by water ice. It evaporates at an extremely low tem- 
perature, more than 109.3 deg. fahr. below zero, which is the 
temperature of its evaporation in an atmosphere or pure carbon 
dioxide at atmospheric pressure. As a general rule, it yields a 
temperature lower than this because in practice it is seldom that 
the gaseous atmosphere surrounding the block of solid carbon 
dioxide is completely free from air. The dryness of the gas 
evolved from melting solid carbon dioxide, as well as the inherent 
properties of the carbon-dioxide gas itself, make it an exception- 
ally efficient insulating medium. Carbon-dioxide gas has ap- 
proximately 40 per cent greater insulating value than even dry 
air, and its advantage over the usual moist air is yet more 
noticeable. 

In applying this material to the solution of refrigeration prob- 
lems, full advantage is taken of these peculiarities. The ex- 
tremely low temperature of the melting block provides a surplus 
of cold that is a factor of safety for producing ordinary tempera- 
ture not to be had in any other way. It is therefore possible to 
insulate the refrigerant from the material to be cooled in such a 
way that its latent heat will supply just enough cooling effect to 
maintain practically any desired temperature. The fact that 
the gas produced is a dry gas, and not a liquid which must be 
drained away, allows this insulation to be made up of practically 
any desired material and at the same time allows the gas itself 
to be used as an extremely effective part of the general insulation 
of the block itself and of the space to be cooled. The insulating 
value of paper and paper pulp, of cork and balsa wood, of celotex 
and other similarly prepared fibers, can be fully realized only when 
they are kept completely dry, a condition not easily attained 
with water ice. In utilizing the full insulating value of dry car- 
bon-dioxide gas, jackets are constructed around the refrigerated 
space to hold the gas more or less definitely in place, and to allow 
it to be vented to the outer air at the highest temperature of the 
cooled space. This is in distinct contrast to water ice whose 
effluent having a high specific heat leaves the refrigerator at 
about its lowest temperature, carrying with it valuable but un- 
used cooling capacity. 

The fact that solid carbon dioxide yields a dry gas by evapora- 
tion and one which is inherently much heavier than air is being 
applied effectively to the equalization of temperature in a com- 
partment such as a freight car where the ratio of its length to its 
width is high. The weight of carbon dioxide induces a compara- 
tively strong draught in a very short head and in this way the 
gas from the melting ice can be made to carry the cooling effect to 
remote parts of the refrigerated space. 

Of course, it is of major importance in connection with this 
new product to know what the possible cost of such a refrigerant 
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will be. At the present time the average price in the United 
States is a little higher than $100 per ton and even at this price 
it is finding an acceptance in the ice-cream field and the trucking 
field so that last summer approximately 35 tons daily of solid 
carbon dioxide were sold in the eastern portion of the United 
States. The success that has attended the introduction of this 
refrigerant has caused a great deal of thought to be given to new 
methods of manufacture, and while it is usually dangerous to 
attempt to prognosticate future cost of a product that is coming 
into public demand, I do not believe that the ability of the engi- 
neering profession is over-rated when it is stated that there will 
probably be found methods to manufacture this product so that 
it may be sold for less than $15 per ton. To think that frozen 
water will be the only source of mobile refrigeration in the future 
is to possess the same lack of vision that an ancient would have 
had had he stated that wood was to be the only fuel. 

At the present time approximately 95 per cent of the solid 
carbon dioxide that is manufactured is being used in the ice- 
cream industry. For mail and express shipments solid carbon 
dioxide is rapidly establishing itself as an economical and very 
desirable refrigerant for such movements of perishables. Ice 
cream, butter, meat, and meat products are now being shipped in 
large quantities. In the field of truck refrigeration, which is 
competing so strongly with railroad transportation for short 
hauls, solid carbon dioxide has made rapid strides. 


ADVANTAGES OF SoLip CARBON DIOXIDE FOR RaILRoAD 
REFRIGERATION 


The march of progress is so rapid in our day that we are likely 
to mistake relatively new developments for old-established en- 
terprise. The refrigerator car bringing us Florida strawberries, 
California lettuce, Maine potatoes, and Colorado melons is an 
example of our ready acceptance of infant developments. Few 
realize that there is a real art in building and operating refriger- 
ator cars, an art that is new and full of problems and develop- 
ments. 

Prior to 1880 products requiring refrigeration were shipped 
only in cool weather. Even after 1890 the first refrigerator cars 
were crude affairs, poorly insualted and leaky, so that the spoilage 
in lading was high. Long strides have been made in this art 
since then and spoilage has been reduced to a minimum, but still 
there are a multitude of problems confronting the car builder and 
shipper. Some of the more outstanding of these refrigerator-car 
problems may be summarized as follows: 

1 Uniformity in temperature in all parts of the car. At pres- 
ent the top layer of lading is often damaged by insufficient re- 
frigeration. 

2 Uniformity in temperature within the car during the whole 
time of shipment. For example, should the temperature of the 
air within the car rise above that of the lading, the lading in 
certain cases (such as meat) will sweat and deteriorate. 

3 Both excessive humidity and excessive dryness are detri- 
mental. This latter problem comes up particularly when the 
refrigerating medium is much below the freezing point of water. 

4 Speed in precooling of cars is an important item where track 
facilities are crowded (as in packing plants) and in fruit-growing 
areas during a short ripening period. 

5 Speed in cooling the lading is especially necessary in handling 
fruits and vegetables. Unless precooled these products come to 
the cars normally at a high field heat and if not cooled rapidly in 
the car and sufficiently ventilated to remove the stagnant air 
surrounding them, they tend to spoil rapidly. 

6 Ventilation plays an important role in the handling of 
perishables. To ventilate without letting in the heat of summer 
or the freezing cold of winter is quite a problem. 

7 Refrigerator cars with long intervals of time between their 


periods of refrigeration are likely to become breeding places for 
flies and other vermin. Their non-metallic lining and porous 
insulation walls increase the hazard of this undesirable condition. 

8 The weight of refrigerator cars is necessarily greater than 
that of other freight cars, running about 55,000 Ib., while box cars 
run about 45,000 lb. Added to this is the non-paying load of 
ice of from 7000 to 11,000 Ib. A lighter car will permit longer 
trains. 

9 The time the commodity is in shipment becomes a problem to 
the shipper awaiting his money turnover, to the refrigerator-car 
owner, and to the railroads. The necessity for re-icing every 
two days—and even daily—brings about an appreciable delay 
in handling perishables. 

10 The dripping of the meltage from the ice used is quite a 
problem as indicated from the following quotation from Railway 
Age of March 8, 1928. Mr. Neubert, chairman of the Committee 
on Track, states: 

It is anticipated that the use of salt in cars other than meat cars 
will continue to increase, and as a consequence brine drippings will 
continue to damage rail, track fastenings, bridges and interfere with 
signals unless protection is provided. 

Information obtained from various railroads indicates that no one 
protective coating has been found which is entirely satisfactory. 

A possible solution of this problem is the use of some refrigerant 
other than ice, preferably one which has no deleterious effect on re- 
frigerator cars, track structure, and the products which are being 
shipped. One such possible refrigerant is solid carbon dioxide (so- 
called dry ice). The cost of this material is as yet so high that its 
use as a substitute for ice and salt or ice alone may not be justified, 
but the satisfactory results obtained from its use and the increasing 
extent of its use promise increased manufacturing facilities with a 
possible decrease in cost, which makes it a promising possibility for 
refrigerator-car shipments. 

It is the opinion of many in the car industry that solid carbon 
dioxide will help solve not only the corrosion problem as indicated 
above but many of the other problems as well. For its satisfac- 
tory use in refrigerator cars it appears at the present time that a 
car of special design must be used. This design incorporates an 
insulated bunker occupying a part, if not all, of the space now 
occupied by water-ice bunkers and some methods whereby the 
gas evaporating from the solid may surround the contents of 
the car. As in all new enterprises a large amount of development 
work is necessary. This has been undertaken by one of the 
largest car builders in the United States and considerable progress 
has been made. Up to the present time it has been demonstrated 
that meat products can be carried satisfactorily with a relatively 
small amount of solid carbon dioxide, and while the car has not 
been perfected to a point where solid carbon dioxide at $100 per 
ton is an economical possibility, there seem to be surprisingly 
few outstanding reasons why solid carbon dioxide will not serve as 
a satisfactory refrigerant. As soon as the development work 
has proceeded a little farther on this initial car, very interesting 
results will be available. 

There have been outlined many of the problems that are found 
in the design and operation of refrigerator cars. Solid carbon 
dioxide assists materially in solving many of these problems. 
For instance: 


(1) It is possible to distribute the cold gas within a car so 
that a relatively uniform temperature in all parts of the 
car is possible 

(2) There is little or no variation in temperature within 
the car from day to day and little fluctuation due to 
external temperatures 

(3) Should closer control of temperature be desired, the 
refrigerant lends itself very readily to the use of thermo- 
static control. 


The great temperature difference between the solid carbon diox- 
ide at 109 deg. below zero and the refrigerated products, which is 
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usually above 32 deg., permits the use of a very simple tempera- 
ture control that insures uniform refrigeration no matter how 
high the outside temperature may be. Further, it is possible 
because of this “reserve”’ of refrigeration to hold a lower tempera- 
ture practically the full height of the car rather than refrigerating 
safely only the lower one-half to two-thirds of a car as at present 
with water ice. This uniformity of refrigeration both under the 
condition of hot weather and uniformity of refrigeration for the 
total height of the car will eliminate the two major causes of 
damage due to spoilage in transit. 


(4) Being intensely cold, speed in cooling is possible 

(5) The time of shipment can be cut down materially inas- 
much as the cars require no re-icing in transit, initial 
icing having been found sufficient to carry the car for 
more than a week 

(6) A real saving in weight of a refrigerator car is to be ex- 
pected, this being brought about very largely by the 
fact that a relatively small amount of this ice does the 
work of several tons of water ice 

(7) There is no moisture connected with this ice. For that 
reason there is no drippage with its resultant deteriora- 
tion of cars or tracks 

(8) It has certain advantages over mechanical refrigeration 
in that it is light in weight, there are no moving parts to 
get out of order, no possibility of leaky refrigerating 
pipes to spoil the lading and the product, is compara- 
tively fool-proof, and does not require the attention of 
skilled mechanics 

(9) In transporting perishables, it has been found that the 
addition of carbon dioxide to the atmosphere of the 
car greatly impedes the growth of most of the micro- 
organisms which cause spoilage. Thus, it is actually 
possible in many cases to transport perishable materials 
safely in an atmosphere of carbon dioxide at a higher 
temperature than that required for their preservation 
in an atmosphere of ordinary air. 


The natural question that will arise, particularly in view of the 
bulletins published by the United States Department of Agri- 
culture regarding the effect of solid carbon dioxide upon fruits 
and vegetables, is whether this refrigerant is perfectly safe for 
all kinds of lading. It has been found that certain proportions of 
carbon-dioxide gas are beneficial. However, because this is a 
new art, definite information on this subject is not available. 
The present cars are so designed that the carbon dioxide does 
not enter the interior of the car and does not come in contact 
with the product. Should it be found advantageous to have 
definite amounts of carbon dioxide within the car, arrangements 
could be made to supply whatever percentage of the gas is neces- 
sary. 

To sum up, it has been demonstrated that in the car refrigera- 
tion field solid carbon dioxide can bring about an improvement 
in the quality of refrigeration, a saving in maintenance, and an 
economy of time, space, weight and probably actual cost of re- 
frigerant—with these advantages there is every reason for it to 
become a factor of importance to railroads and to shippers. 


Discussion 


A. F. Sruesine.?. What distribution of solid carbon dioxide 
in the car has been found most satisfactory? There has been 
much discussion of special refrigerator cars in which the refrig- 
erant was distributed over the car as to whether the temperature 
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could be kept more uniform by that arrangement or whether the 
passing of the cooled air or gases down through the ice bunkers, 
along under the false floor, and up around the lading gives a more 
desirable effect. It seems there might be a possibility of apply- 
ing solid carbon dioxide directly at the door and in that way 
overcoming the undesirable excess temperature in that region. 

Mr. Martin. The question of the distribution of solid carbon 
dioxide in the car is one that has received much attention. It 
was desired to do as Mr. Stuebing suggested and put the bunkers 
near the center of the car, but immediately the railroad men and 
the shippers who were kindly helping on this problem said that 
as the ceilings at present are only about 7 ft. high, if bunkers 
were hung in the center of the car they would have to hire a race 
of midgets as stevedores. Attempts were made to distribute the 
cold gas first over the top of the car, with the hope of getting 
better distribution, but the ducts in the top of the car have a 
tendency to sweat, as has been found in some of the brine-cooled 
cars, and the water drips down to the lading and causes an un- 
desirable condition. 

The method that seems best is to put the solid carbon dioxide 
in insulated bunkers located in the two ends of the car where the 
water-ice bunkers are now located and to have the cold gases 
flow through ducts down to the floor and through a jacket which 
extends under the floor or along the side of the car near the floor 
and then to rise through jackets in the sides of the car. In this 
way part of the heat is absorbed by the cold gas as it flows from 
the bunker down to the floor and part by the sides of the car. 
There are indications that the distribution of cold in this manner 
is satisfactory. It is a new problem, but so far it looks as though 
this will be a satisfactory way of placing the solid carbon dioxide. 


MELvIN Price.* The author has given the cost of solid carbon 
dioxide as $100 per ton, and has given a figure of $15 per ton as 
a possible price for the future. This seems very optimistic. 
Would the author explain the basis of such a hope as that? 

Mr. Martin. At present the average cost to customers is 
a little over $100 a ton. My hope for the future is based on 
possibly 50 per cent natural optimism and 50 per cent on the 
possibilities that exist for the reduction in price of carbon dioxide. 
Carbon dioxide has been manufactured in this country for 
nearly 50 years. It has been shipped in cylinders, which cost 
$15 to $20. The gas contained sells for about $3.50. The urge 
has been toward better distribution and toward quicker return 
of these expensive containers rather than toward lowering the 
price of the gas itself. 

As to the basic costs that are involved in taking carbon dioxide 
from flue gas, or better still from kilns, the major portion is cost 
of raw material (CO,) and power. From both of these sources 
of raw material heat is a by-product; from this heat power is 
generated in almost the required amounts. It can be figured 
by an optimist that the costs involved will permit eventually, in 
plants producing 300 to 400 tons of this product per day, of pro- 
ducing it at a cost of $15 a ton. I have seen figures by a man 
who for 30 or 40 years has been manufacturing chemicals that 
indicate that solid carbon dioxide may be made for less than $10. 
I personally believe it is a possibility, and I am stating in my 
paper that my confidence in the efficiency of American engineers 
leads me to believe that those costs will be realized. 

Mr. Price. Is this $10 a ton to be the price for a product 
obtained from flue gas or from some special source? 

Mr. Martin. I believe it is possible to obtain very near that 
cost from flue gas, but it is possible to obtain carbon dioxide 
more cheaply from other sources. 


8 Professor of Mechanical Engineering, University of Florida, 
Gainesville, Fla. Mem. A.S.M.E. 
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Crossy Fietp.‘ I have watched the development of carbon 
dioxide as applied to refrigeration for several years. It seems 
to be wise at this time to suggest that in its development com- 
mercially it has more to fear from its well-meaning friends than 
perhaps it has from its enemies, for the reason that the time of 
the initiation of commercial practice of any new thing is the time 
when there is needed the utmost development in the use of that 
product and its manufacture. 

Carbon dioxide is a substance so old and so apparently well 
known that some think they have only to go out and buy a few 
containers and start in the manufacture of carbon dioxide. The 
development of the past several years by the group of engineers 
actively engaged in the matter has been of a nature that shows 
that this at present very expensive material must be handled in 
such fashion as to get the very utmost out of it, and that cannot 
be done with a very little amount of development. 

In addition to that, if carbon dioxide is to be commercially a 
standard method of refrigeration of the future, it is going to be 
necessary to get the utmost out of processes of manufacturing it, 
including the very low cost Mr. Martin has in mind. I have 
seen several companies endeavor to experiment with solid carbon 
dioxide in the past four years, and my only fear for its success 
is that it is being pushed too rapidly by those who do not fully 
acquaint themselves with the latest developments. 


E. N. Trump.» What radius of distribution from the center 
of manufacture will be possible? If carbon dioxide were to be 
had at very low cost, how far could the ice be shipped before it 
would be used? How much insulation would be necessary and 
what sort of containers would be needed? How about storage? 
This is quite an important matter, because solid carbon dioxide 
attracts heat and it must melt very rapidly unless it is in in- 
sulated containers. That will make it expensive. 

Mr. Martin. On the question of the transportation, it is 
desirable to ship in as large quantities as possible. The ideal 
shipment is probably the full carload. Shipped in a refrigerator 
car loaded as solid as the weight will permit, the doors tightly 
sealed so as to prevent the leakage of the gas at the bottom, the 
evaporation should not amount to more than 2 per cent a day. 
Figures that have been obtained from practice in the shipment 
of other containers lead me to believe that such a low meltage 
could be obtained. In the present shipment of the product, the 
loss in 300-lb. containers, insulated usually with 3 in. of balsa 
wood or cork, is about 8 per cent in 24 hours. 

There has been obtained a rate of fifth class in the shipment of 
this product in car lots which puts it on a basis close to water ice. 
Water ice is in the sixth class. 

Therefore it is a distinct possibility that solid carbon dioxide 
will be manufactured in places where power is cheap or where 
carbon dioxide is cheap and distributed from there to centers of 
population. 


R. V. Kuernscumipt.’ Solid carbon dioxide is a commodity 
the demand for which will depend very largely on the cost of 
production. If this cost can be brought down to the figures 
suggested by the author there will be an almost unlimited market. 

In many chemical processes carbon dioxide is a waste product. 
It has been estimated that a reasonable cycle for producing solid 
carbon dioxide will consume '!/, kw-hr. per pound of solid carbon 
dioxide. This includes separation from an initial gas having a 
high carbon dioxide content. 


‘ President, Flakice Corporation, Brooklyn, N. Y. Mem. 
A.8.M.E. 

* Advisory Engineer, Solvay Process Co., Syracuse, N. Y. Mem. 
A.S.M.E. 

* Research Engineer, Arthur D. Little, Inc., Cambridge, Mass. 
Jun. A.S.M.E. 
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The actual refrigeration requirement is about */i) kw-hr. 
With power at 1 cent, which represents about the lowest rate 
for large industrial centers in the East, there will be a power 
charge of '/2 cent per pound, or $10 per ton. In the present 
stage of development we do not feel justified in estimating in- 
vestment charges and depreciation at less than another cent per 
pound. Including labor and a reasonable profit, we find that 
it would be necessary to obtain at least 2'/; cents per pound for 
the product, or $50 a ton, on plants having a capacity of 100 
tons a day. 

In connection with shipping, we find that a 100-lb. block 
shipped from New York to Boston will last ten days after arrival 
if only small amounts of the material are used. This bears out 
the author’s figures of about 8 per cent evaporation per day. 

On the specific question of using this material in refrigerator 
cars, attention should be called to the fact that certain types of 
cargoes have a tendency to heat during transit, and in such cases 
it is difficult to obtain proper distribution of refrigeration through- 
out the car when using ice or icing salt. Solid carbon dioxide 
can be buried directly in the cargo, and this will take care of local 
heating which goes on in the material itself. 


C. T. Riptey.’ This subject is very interesting to a road such 
as the Santa Fe which operates 18,000 refrigerator cars. We 
were interested in experiments which were made in Canada with 
the use of this material about three years ago and followed these 
very closely, as we were very much in hope that this would be 
the answer to the problem of refrigeration of railroad cars. Un- 
fortunately these experiments were discontinued before very sat- 
isfactory results were secured. It appears that there are some 
difficult problems involved in using this material in cars. 

As I remember it, there was some bad effect on the fruit and 
also some difficulty in holding the temperature constant in these 
cars. The author has advanced a rather interesting suggestion 
in regard to changing the design of the car, making it different 
from the present refrigerator car. As I understand it, the author 
suggests a gas chamber or space entirely around the car. From 
a car-building viewpoint this appears to be a rather difficult 
matter, but I would not say it was impossible. A refrigerator 
car has to haul other things than fruit. We bring fruit from 
California to the New York market, for example. We must, 
when we can, find a load to return to the Coast. That may be 
a very heavy product. Occasionally, in our present refrigerator 
cars we have to build very strong bulkheads, otherwise the 
shifting of the loaded barrels will damage the bulkheads, and it 
is surprising how much strength must be put in the car to with- 
stand the service. 

Another point is that in handling lettuce and such commodities 
from Arizona we must practice what is ordinarily known as body 
icing. That is ruining our refrigerator cars. The moisture is 
rotting away the floors and the insulation. We naturally would 
like to get rid of this, but the moisture is necessary for the proper 
conveyance of this type of commodity. I am wondering how 
with solid carbon dioxide they propose to take care of this situ- 
ation. I think that all who have mechanical refrigeration in 
their home have found the same difficulty. It is customary to 
wrap lettuce in a damp cloth to keep it in proper condition. 

The chief reason that we are interested in any form of refriger- 
ation other than water ice is to eliminate delays. It is the case 
now with competitive conditions that fruit trains from California 
to Chicago are moved almost on passenger-train schedule. The 
demand is for faster and faster time. The roads can run the 
trains faster, but there still must be delays at terminals for icing. 
This takes up a large part of the time between California and 
Chicago. Elimination of this waste time would be a very valu- 


7Santa Fe Railroad, Chicago, III. 


. 
4 
8 


RAILROADS 


able thing for the railroads and shippers, and solid carbon dioxide 
or mechanical refrigeration appears to be the only solution. 

Then again, around Las Vegas, N. M., there are wells with an 
unlimited supply of carbon-dioxide gas. They are capped at 
present, having been drilled for oil only, and there is this gas for 
which there is no market. I would like to inquire as to the 
possibilities of making the snow out of the gas from these wells 
and whether this would not lend itself to a cheaper production 
of this type of refrigerant. If so, it might affect the problem so 
far as our Western territory is concerned. 

If we go to solid carbon dioxide refrigeration there must be a 
supply of this material available at almost every place in the 
United States. A refrigerated car starts from California loaded 
with oranges. We do not know where it is going. It may be 
diverted at almost any main terminal, depending on the market. 
The shippers have the right to divert, so that while we may think 
the car is going to New York, it may actually land in Texas or 
Minnesota. We certainly cannot take a chance of not having 
refrigeration. For this reason the thought comes to my mind 
that, if it is a physical possibility, a car designed for this material 
should also be so designed that in an emergency ordinary water 
ice can be used in a car to prevent the loss of the load, which is 
worth quite an amount of money. Our damages to fruit due 
to faulty refrigeration at present are not excessive, but there is 
some loss, and there is a distinct chance for the designers of cars 
to work out a system which will cut down these losses and thus 
help to take care of the higher cost of the production of solid 
carbon dioxide. 

Mr. Martin. In order to answer the questions raised, the 
wisest thing is to fall back on Mr. Field’s remark that the greatest 
danger in this product is the intense interest that the public has 
taken in it. Any report that can be given at present, although 
the product has been worked on for the last four or five years, 
would have to be an interim report. Each year finds us much 
further ahead in the industry. 

There are a great many problems that the industry is still 
stumbling along on. The problem of humidifying the car is one 
of them. Attempts have been made to humidify the cars with 
water put into a wick mechanism, so as to humidify the circu- 
lating air. Others have resorted to the practice of putting in 
water ice as a humidifying agent. It is believed that a simpler 
solution to the problem will be found before this car comes on 
the market. 

In regard to distribution of the product, that again is something 
that will come with further development, and as Mr. Field 
brought out, this product is a new one. There is a need of not 
merely thousands of dollars to be spent on the development of 
this thing, but there is a need in the industry and allied indus- 
tries of hundreds of thousands of dollars. 

As to obtaining this gas from the New Mexico wells, that is a 
distinct possibility. It is one that has been looked into, and 
there are two things that stand out against it, both of which 
probably will be overcome. The first is that we are dependent 
at present on the distribution of this product to those points 
with population sufficiently dense to support the infant industry 
on the ice-cream business and let it grow up until it can take to 
itself the railroad refrigeration business. Therefore, the indus- 
try has not grown outside of the larger centers of population. 

The gas as obtained from these wells also has traces of impuri- 
ties, usually an odor of oil. This odor of oil, and in some cases 
some actual oil itself, which of course condenses on the cold 
product, would make it undesirable as a refrigerant. It should 
not be difficult to purify this gas. However, in the purification 
it is probable that one of the great advantages would be lost. 
This gas comes at a pressure of certainly over 300 Ib., and if the 
temperature at which it issues from the ground can be reduced, 
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that is a liquefying pressure; but since the gas is not pure, much 
of the advantage of this initial pressure is lost. 

The matter of purity and the matter of immediate sale of the 
product are two reasons why the oil wells giving off carbon dioxide 
are not in use as sources of carbon dioxide. 

The question of cost has been brought up several times and 
quite rightly. In the paper I have put in a prognostication of 
what I believe engineers will be able to do in the future. I be- 
lieve that there is a justification in this hope. Probably for the 
next two or three years it will not be done. I do believe, however, 
that, as a coming industry, there is a distinct possibility, probably 
in five years, of this ice being produced for less than $15. 

Mr. Rietey. Is it your opinion that there is a possibility of 
making this ice cheaper from natural gas than from flue gases? 

Mr. Martin. Yes, because that would be an unlimited source 
of carbon dioxide, but it depends on how difficult it is to purify. 

Mr. Rietey. As a general thing, would not the cheapness of 
power available at the same time help in reducing that cost? 

Mr. Martin. Yes, it would. Of course, so long as the gas is 
issuing from the well at the low temperature that it now is, it 
forms snow. You do not need any further power to manufacture 
the snow. If the gas costs nothing, one can afford to waste 
two-thirds of it. In that way the power consumed would be 
negligible. The only power required is for squeezing it into ice 
form, which is a small amount. 

Mr. Trump. If there is a pressure of 300 lb., that pressure 
could be used to generate the power to recompress the gas. So, 
excepting for the mechanical loss, the power also necessary to 
purify it could be had from the pressure of excess gas. 

Mr. Martin. There would be a distinct possibility in letting 
the gas down to atmospheric pressure and using this pressure to 
purify and supply part of the power necessary for further com- 
pressing. 

Mr. Fietp. What percentage of impurities in the gas would 
make it possible to compress it? If there were, say, 10 per cent 
impurity in the gas, could you still make it with an ordinary 
compressor or would that increase the pressure so much that you 
would not be able to lead it off? 

Mr. Martin. That is quite a problem. Making it from flue 
gas, it has been found necessary to have the gas fairly pure, be- 
cause there is not only the high compression necessary with the 
partial pressures involved when other gases are present, but in 
the normal method of manufacturing solid carbon dioxide— 
which is to snow out the solid product by passing the liquid 
through a jet—if there were impurities in the gas amounting to 
over '/: of 1 per cent, there immediately would be noticed a drop 
in the yield of snow from liquid. There are. other methods 
proposed for liquefying flue gas, and then bleeding off the nitro- 
gen and solidifying the solid carbon dioxide by the colds gener- 
ated. This process is not in use now, and its economics is ques- 
tioned. 


G. F. Norpennout.’ I would like to ask the author about 
the experimental car he is working on. In order to get a fairly 
uniform distribution of temperature, did he have to resort to 
mechanical circulation or was the natural circulation of the gas 
sufficient to obtain that result? Carbon dioxide is considerably 
heavier than air, and if the carbon dioxide is going to be excluded 
from the car, you will have air on one side and carbon dioxide on 
the other side to attain the circulation. Offhand, I would im- 
agine the carbon dioxide would have to be let in from the top of 
the car instead of at the bottom. 

I would also like to know whether the supposed improvement 
in insulating qualities due to the fact that carbon dioxide was 


8 Assistant Engineer, American Car & Foundry Co., New York, 
N. Y. Mem. A.S.M.E. 
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in the car is based on actual tests of the car as a whole or is based 
on theoretical figures. The reason I ask this question is that 
the insulating property is largely a matter of cellular spaces in 
the insulation, and I cannot quite understand how the carbon 
dioxide in the car is going to creep into the spaces of the insula- 
tion unless some special form of insulation were used which 
permitted this. 

Mr. Martin. So far as obtaining the circulation within the 
walls of the car is concerned, the car at the present time consists 
of simply a jacket, like a water-jacketed pot. This is a “gas- 
jacketed” car. The gas flows down out of this insulated box, 
goes into this jacket at the bottom, and gradually replaces the 
air in there and floats it out. Finally, the jacket of this car is 
completely filled with carbon dioxide. Because it is completely 
filled with carbon dioxide, it exits at the top and flows back 
through the bunker again. The flow is obtained only by the 
difference in density of the gas due to the down-leg being cold 
and the up-leg warm. The warmer the car, the faster the re- 
frigeration. Thus it forms a partial automatic control of tem- 
perature. 

As to the effect of carbon dioxide gas on the insulation, there 
is a reason for the insulating effect being better than one would 
usually expect. Without the jacket, just allowing the solid 
carbon dioxide to act as water ice would act, we get efficiencies 
a little less than 2 to 1. With the jacket refrigeration results 
are obtained better than 10 to 1. 

The carbon-dioxide gas that fills this space is a 50 per cent 
better insulator than is air. As the heat enters through the 
insulation it must be conducted through these particles of in- 
sulation and then jump from one particle to the next. If you 
replace the air between the particles with something that is a 50 
per cent better insulator, there should be a great improvement 
in the insulating effect. 

On the other hand, the major effect is probably brought about 
by the extreme dryness of the gas that passes up through the 
insulation space. The theory of that, as I have been told by 
physicists, is that the heat travels through insulation largely by 
using a little film of moisture on each particle of insulation to 
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ride on in order to reach the next particle. This little film con- 
denses on the next particle, and thereby you would have the 
transfer of heat. If this insulation is dried with a gas being gen- 
erated at minus 109 deg. fahr., it is about as close as it possibly 
can be to being bone dry. Therefore, this film of moisture is 
reduced to a minimum and you have taken away the horse upon 
which the heat rides. That is just a theory, but it seems to 
fit. 

The construction of the insulation walls is such as to permit 
the flow of the gas through the insulation. The normal insula- 
tion of refrigerated cars is a layer of celotex and three or four 
more layers of felt. These are so permeable to carbon dioxide 
that should one set a block of carbon dioxide upon a square foot 
of this insulation, he would find the carbon dioxide running 
through the insulation rather than over the edges. Carbon 
dioxide is a very permeating gas, as was found out when it was 
placed in rubber tires. There it only lasted two or three hours. 
So if there is a space or jacket through which the gas may pass, 
the insulating materials are so permeable that there will be no 
difficulty in obtaining 100 per cent CO, between the particles. 

Mr. Riptey. I would like to ask the author if any railroad 
company is cooperating with him in connection with the develop- 
ment of these cars. With all due respect to the car builders, I 
do not think they have available the data that the railroads 
have as to refrigerating conditions. On our own road, for ex- 
ample, we have many reports of test runs very carefully made 
with pyrometer readings and studies of route conditions, which 
I think would be very useful to anybody working on such a de- 
velopment. 

Mr. Martin. At the present time, the St. Paul and the 
Union Refrigerator Transit Company have been cooperating on 
these tests. The cars are being designed and built by the Dry 
Ice Corporation and the American Car and Foundry Company, 
and it is largely through the cooperation of all these people that 
so much has been accomplished. At present the industry is 
just in its infancy in this development work, but I believe that 
by next summer it will have progressed far enough along so 
that questions about it can be answered more intelligently. 
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Characteristics of Injectors 


With Special Reference to Their Utility as Locomotive Feedwater Heaters—Injectors Work- 
ing With Exhaust-Steam Pressures Have Long Been Used on European Railroads, 
but Only Recently Have Been Adopted by American Ones 


By R. M. OSTERMANN,! CHICAGO, ILL. 


INCE the preheating of water fed to locomotive boilers 
S by exhaust steam has become more fully recognized on 

American railroads and since apparatus designed for that 
purpose is being applied in increasing quantities in this country, 
it may be of interest to review the possibilities of injectors, and 
particularly injectors working with exhaust-steam pressures— 
so-called exhaust-steam injectors—which have found considera- 
ble use on European locomotives, but which have more recently 
had the attention also of American railroads. 


Tue INJEcTOR PHENOMENON 


Giffard, who quite generally is credited with the invention of 
the injector, achieved something truly remarkable in steam engi- 
neering. His ingenuity paved the way for all of those after 
him who recognized the advantages of what we may call “‘direc- 
tional condensation” for building simple and compact pumping 
means, and who carried the design of injectors to its present state 
of development. 

We are greatly indebted to Kneass* for a complete treatise on 
injector phenomena as well as a critical comparison of various 
designs of injectors fed with steam of boiler pressure. Kneass 
in his publication also enters upon the modifications that are 
required in order to allow injectors to work with such lower steam 
pressures as are to be found in the exhaust pipes of steam engines, 
and he presents some enlightening calculations that we shall 
have occasion to make use of farther on. 

English manufacturers have for many years been interesting 
themselves in the development of exhaust-steam injectors, and 
inasmuch as a good many of them were applied to locomotives, 
Mr. Pullen’ felt justified in devoting an entire chapter of his book 
to their performance. 

He presents a mathematical analysis of the fluid-flow phenome- 
non on the basis of the then known laws of steam discharge from 
nozzles, and with particular reference to low operating steam 
pressures. 

All calculations of injector performance must start from the 
following fundamental equations: 


W(t, — 32) + (P, — P.) W = 


(W +S) (t— 32) + (W +8) (P—P.) 


(WX um Xv) C = (W + 


Where 
Ww 
l, 


1 Vice President, The Superheater Company. Mem. A.S.M.E. 

* “Practice and Theory of the Injector,”’ by Strickland E. Kneass, 
John Wiley & Sons, 1910. 

* “Injectors, Their Theory, Construction, and Working,” by W. W. 
F. Pullen, Technical Publishing Co. Ltd., Manchester, 1906. 

Contributed by the Railroad Division and presented at the Annual 
Meeting, New York, December 3 to 7, 1928, of THe AMERICAN 
Society oF MECHANICAL ENGINEERS. 


= weight of water flowing to injector in pounds per hour 
= temperature of suction water in degrees fahrenheit 
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height in feet of column of water corresponding to 1 Ib. 
pressure per square inch 


LL = mechanical heat equivalent, equal to 778 ft-lb. per sec. 
per B.t.u. 

S = weight of steam in pounds per hour 

P, = absolute pressure of suction water due to static head 

P, = absolute pressure of suction water in condensation zone 

P = absolute pressure of delivery water 

Ue = velocity in feet per second of suction water when enter- 
ing condensation zone 

v, = velocity in feet per second of steam having adiabatically 
expanded to the condensation pressure 

v = velocity in feet per second of water at entrance to de~ 
livery nozzle 

C = coefficient of friction and impact 

H = heat in B.t.u. above 32 deg. contained in 1 lb. of 


operating steam. 


Fic. 1 Diagram or Insecror or Smmpte Type 


Eq. [1] states that the sum of the heat contained in the suc- 
tion water, the heat equivalent of its mechanical energy in enter- 
ing the combining nozzle or the condensation zone, and the heat 
contained in the operating steam must be equivalent to the 
heat of the mixture plus its mechanical energy. With the as- 
sumption contained herein that radiation losses are negligible, 
the thermal efficiency of the apparatus is 100 per cent. 

Eq. [2] gives expression to the fact that the momentum of 
the entering water plus the momentum of the steam gained 
through expansion is equal to the momentum of the mixture, 
taking into consideration the fact that part of the momentum 
is destroyed by impact and friction. 

Fig. 1, showing a simple type of single-stage injector in diagram- 
matic fashion, may be helpful in concentrating on the underly- 
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ing physical phenomenon. The injector consists of a chamber 
k having a nozzle-shaped outlet b. Operating steam is admitted 
through pipe / and water through pipe f from supply tank e 
and through opened valve o. A nozzle a slides within chamber 
k and is packed against its cylindrical walls at p. Its position 
can be shifted with handle g, and therewith the annular open- 
ing between nozzles a and b can be altered, which determines the 
water supply. Condensation takes place within b ahead of 
nozzle a, and the mixture enters the delivery tube c with the 
velocity v, which latter is converted into pressure P. The water 
then flows at that pressure through check d into the feed pipe. 
The gap between the combining and delivery nozzles is seen to be 
encased in chamber i, which is connected through an overflow 
and check valve h with the atmosphere. 

Upon opening water valve o, the combining nozzle b and the 
overflow chamber 7, as well as the delivery nozzle c, will be filled 
with water under the pressure of the static suction head /., 
causing a free outflow of water through check valve h, and caus- 
ing it to rise through check d to the level in the supply tank. 
When steam is admitted through pipe J, and when nozzle a has 
been shifted into a certain position with relation to stationary 
nozzle b, the momentum of the condensing steam is sufficient 
to entrain the quantity of water admitted, the injector primes, 
and the mixture enters the delivery nozzle with a great enough 
velocity v to start a continuous flow against the prevailing boiler 
pressure. Injector action is established owing to heat transfer 
between steam and water, which makes the steam condense, 
and which causes a vacuum region ahead of the mouth of the 
steam nozzle and within the fluid body in the combining nozzle. 
The shape of this region of lowest pressure is open to considerable 
speculation. Kneass explored the combining tube and steam 
nozzle of a Sellers injector along their center line and experi- 
mentally established the existence of a low vacuum (about 24 
in.) at a point at which the steam had penetrated into the com- 
bining nozzle about one-fifth of its length and a gradual rise of 
pressure toward its outlet. How far his measurements along 
the center line of the jet are indicative of pressures and velocities 
in other strata of the jet is problematical. Whereas we may 
assume with some degree of justification that the steam mole- 
cules, moving in the center of the jet, expand nearly adiabati- 
cally, such an assumption would not be warranted for steam mole- 
cules of other strata, particularly those contiguous to the envelop- 
ing water strata. It is more probable that the expansion of the 
steam molecules in the various strata of the jet follows various 
polytropic laws and that the pressure range of expansion is not 
the same in the various strata, and neither on that account is the 
steam momentum established through expansion nor the losses 
which are the result of the impact of fast-moving steam molecules 
with much more slowly moving water molecules in their path. 

Whatever the conditions may be, it is undoubtedly true that 
there exists an equivalent average condensation pressure which 
will be dependent upon the shape and size of surfaces along which 
condensation takes place and upon the temperature of the suc- 
tion water which governs the coefficient of heat transfer between 
the steam cone and the enveloping water. The warmer the 
suction the more sluggishly is the steam condensed and the 
higher is the average condensation pressure, which means also 
that the kinetic energy gained through expansion becomes smaller. 

The shape of the nozzles and their relative position to each 
other ate factors that largely govern the degree of perfection 
with which the momentum of steam and water can be com- 
bined under otherwise similar conditions. ‘The amount of operat- 
ing steam pressure available, the quantity and temperature of 
the suction water, as well as the head under which it reaches the 
injector, are all quantities that enter into the phenomenon as 
they affect the facilities for condensation and the gain of kinetic 


energy through expansion. The finish of the nozzles, or the 
manufacturing excellence, is another variable, because it affects 
the frictional losses. 

Attempts have been made to determine the shapes of com- 
bining nozzles mathematically, on the basis of physical laws of 
heat transfer between steam jet and water jet applying to con- 
denser practice, but nearly all progress in the design of injectors 
as a whole has been the result of laborious experimentation 
which yielded to the experimenters certain empirical data, on 
the basis of which injectors of various capacities and for various 
duties were designed. 

The impact of the fast-moving steam molecules, the speed 
of which may, through expansion, become thousands of feet 
per second, with a very much more slowly moving mass of water 
when it enters the combining nozzle with a velocity of not to 
exceed 50 ft. per sec., causes disturbances in the fluid motion 
such that it will be found very difficult to express the result 
mathematically. The shock or impact between steam and water 
causes a loss of kinetic energy and its reconversion into heat 
which is a very considerable portion of the available energy of 
adiabatic expansion. It is to be remembered that the energy 
destroyed by impact reappears as heat in the delivery mixture, 
and that it therefore represents a mechanical loss only but not 
a thermal one. The measurement of t, which is the temperature 
of the mixture of steam and water as delivered by the injector, 
and from which can be calculated the amount of heat units 
taken up by the water, is then not sufficient for deciding how 
much of the absorbed heat that went into the water was residue 
from expansion and how much of it was the heat equivalent of 
the mechanical energy destroyed during impact. Since the 
latter is, however, very small as compared with the amount of 
heat that goes into the water as residue of the expansion process— 
or what is the same, the actual heat of condensation—we can, 
without committing too great an error, assume that the tem- 
perature of the mixture which we measure, or which we may 
calculate for a given mixture of steam and water, is the one 
that the condensing water actually attains when it mixes with the 
steam in the combining tube; and further, that the steam momen- 
tum is created by expansion to the saturation pressure corre- 
sponding to the temperature ¢. Kneass’ experimental research 
and what we have learned since the publication of his book about 
flow of fluids through nozzles with varying back pressures make 
it probable that in reality the pressure at which at least part of 
the steam condenses may be considerably below the saturation 
pressure corresponding to the temperature of the mixture, and 
that part of the momentum of the steam is used up for pumping 
the mixture from this mentioned lower pressure to the higher 
pressure which is the saturation pressure of the mixture, but 
which may only obtain in the gap and overflow chamber of the 
injector. As later on discussed, the necessity arises of operating 
injectors with proportions of steam to water so unfavorable to 
complete condensation that the mixture does not become all 
water in the combining nozzle, but considerable steam en- 
ters the delivery nozzle and is then condensed at higher pres- 
sures; thus the truth of the assumption just made as to the 
proportionality of t and P» is sometimes upset. We then have 
little experimental knowledge about the relation of actual con- 
densation pressures and overflow pressures, which greatly ob- 
scures the complete analysis of the influence of impact. What 
can be easily established by measurement is the net result of 
an injector only; that is to say, the amounts of water and steam 
fed to it, the temperature of the entering water and its head, 
the quantity and temperature of delivery water, and the pres- 
sure against which it will be delivered. The only manner in 
which the net result can be critically examined is the one of com- 
paring the net performance of an injector with the performance 
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of an ideal injector when working under generally comparable 
conditions. 

If the factor C in Eq. [2] is assumed to be equal to 1, such an 
equation represents the relation of momenta of the ideal injec- 
tor, because v, was assumed to be the velocity attained by adia- 
batic expansion of the operating steam corresponding to the 
greatest possible yield of kinetic energy from steam expansion, 
and because kinetic losses through impact and friction are com- 
pletely neglected. If we then write another Eq. [2] in which 
we introduce the measured delivery pressure which was obtained 
during test with the same temperature of mixture, and divide 
both sides of the equations into each other, we find C as the ratio 
of the momenta of the tested injector and the ideal one when 
both carry a comparable condensing load. Whenever that is 
the case, the values of W, S, v., and va—because the latter is 
equal to 29V/: r(P, — Po)—are the same. C thus assumes the 
importance of a coefficient peculiar to each design of injector, 
as well as to its quality of manufacture, containing within it- 
self, as it does, the import of highest condensing capacity and 
widest elimination of all losses due to impact, friction, and eddies. 

The task of building a good injector has been likened to that 
of building a good gun. As a matter of fact, there is an 
analogy so far as the care in the assembly, finish, and mainte- 
nance of quality is concerned; in both cases it is a matter of 
preventing to the utmost an unnecessary dissipation of the 
actuating mechanical energy, and in both cases seemingly trifling 
inaccuracies have far-reaching consequences by reason of unusu- 
ally high working velocities. 


GENERAL INJECTOR CHARACTERISTICS 


One practical object in striving for the best design—i.e., for 
the highest value of C in injectors working with steam of boiler 
pressure and pumping against the same pressure—is to be able 
to pump a given quantity of water with the least steam consump- 
tion. (Although nearly all the heat of the operating steam not 
used for the mechanical work of pumping goes, in that case, 
back into the boiler, low steam consumption is an advantage 
because it helps to reduce the load thrown on to the steam-libera- 
ting water surface, which in modern boilers is frequently over- 
taxed, with a resulting high moisture content of the steam and 
its attendant disadvantages.) In high-pressure injectors, and 
particularly those of the lifting type, W X va (see Eq. [2]) is 
quite small as compared with S X v,, so that (S X vr.) C is nearly 
equal to (W + S)v, or also 2g Pr (W +S). 

Thus for the same amount of water (W +S) pumped and the 
same delivery pressure P we obtain a smaller S with a larger 
C; S actually decreases faster than C increases, because with 
the larger resulting ratio of W/S the temperature of the mix- 
ture decreases, with a lowering of the condensation pressure and 
an increase in 0s. 

Another practical object in seeking highest mechanical effi- 
ciency of injectors becomes apparent when we analyze the de- 
livery pressures obtainable with a given constant operating 
steam pressure and for various values of W/S; i.e., over a range 
of boiler feed. 

Kneass, in his aforementioned publication, presents a table 
of test results from which curve 1 in Fig. 2 was prepared. This 
curve shows the range of delivery pressures as a function of the 
varying quantity of the water per pound of steam handled by 
an injector with a steam nozzle of a fixed size and with a constant 
operating steam pressure of 135 lb. absolute. Kneass does not 
state the temperature of the suction water which was obtained 
during these tests, but checking back from the temperatures 
obtained with the help of a simplified Eq. [la] (given farther 
on) we can assume that the suction temperature must have been 
about 65 deg. fahr. It is seen that this curve 1 has a very de- 
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cided maximum at about 8'/, lb. of water per pound of steam, 
whereas the pumping ability of the injector decreases for smaller 
or larger quantities of water, rather rapidly with decreasing water 
quantities, and more gradually with increasing ones. Thus it 
is clear that if we wish to have an injector that is stable over 
a range of water quantities, we cannot use it for pumping against 
its possible maximum delivery pressure, but against one only 
that is safely below the maximum. Referring to Fig. 2, a de- 
livery pressure of about 170 lb. is the highest that can be allowed 
in order to obtain a regulation of water quantity of 50 per cent; 
that is to say, from 6 lb. to 12 lb. of water per pound of steam. 
The highest mechanical efficiency, or what is nearly proportional 
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thereto, the highest pumping output per B.t.u. steam input, is 
then also essential for obtaining ample enough regulation. 
The pumping ability of an injector and its feeding limits also 
depend, as previously mentioned, upon the temperature of the 
suction water, and in order to illustrate that influence other 
curves were added to Fig. 2 which were calculated with the 
help of experimental data in Kneass’ book. Curve 2 applies to 
a suction-water temperature of 40 deg. fahr. and curve 3 to one 
of 90 deg. fahr. In calculating these curves the same coefficient 
C (see Eq. [2]) which Kneass found in his experiments with 65 
deg. water, and which are shown in Fig. 3 as the function of de- 
livery temperatures obtained, were used. C, as already explained, 
represents the ratio of the delivered momentum of an injector 
as compared with the one of an ideal injector when both carry 
a comparable condensing load which latter must be approxi- 
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mately proportional to the delivery temperature of the mixture. 
In calculating curves 2 and 3 of Fig. 2, the same values C were 
taken from curve 3 that were obtained by Kneass in his experi- 
ments for the delivery temperatures. Farther, in using Eq. 
[2] for the calculation of the momenta, the quantity W x 
va, being the momentum of the suction water within the com- 
bining tube, has been neglected; to compensate for that error, 
however, the momentum required to force the mixture from 
the condensate pressure Py) to atmosphere has likewise been 
neglected, so that v was assumed to determine the gage pres- 
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sure at delivery P;, the Eq. [2] then becoming simplified in the 
following manner: 
SXvuxXC=(W+S)v 


With r equal to 2.4, we have 


Ute X C = 12.4 P, (: [2a] 


The v, in Eq. [2a] was determined as the velocity of adiabatic 
expansion from 135 lb. absolute to the saturation pressure P,, 
which corresponds to the temperature of the mixture ¢, and the 
latter was evaluated from the following simplified equation: 


W/S (t. — 32) + H = (1 + W/S) (t — 32)........ {la] 


With the knowledge of P., vs was found from a Mollier dia- 
gram as 29°\/ (H — H-) = 778, where H.» = heat in 1 lb. of steam 
above 32 deg. fahr. corresponding to pressure Py. All experi- 
mental and calculated values are to be found in Table 1. 


TABLE 1 
1 2 3 4 5 6 i 8 
. per ft. per . per in 
deg. fahr. S deg. fahr. sq. in. abs. B.t.u. sec. ¢ 
40 5 237.0 237.0 132 2550 0.355 148.0 
40 6 209.0 14.0 162 2855 0.430 199.0 
40 7 178.0 7.2 2 3205 0.500 262.0 
40 8 171.5 6.1 213 3275 0.515 228.0 
40 9 158.3 4.5 231 3400 0.545 224.0 
40 10 147.5 3.5 246 3515 0.570 216.0 
40 11 139.0 2.9 256 3590 0.585 199.0 
40 12 131.0 2.6 264 3620 0.600 181.0 
90 5 279.0 48.0 79 1990 0.200 28.5 
90 6 252.0 31.0 111 2360 0.310 71.0 
90 7 232.0 22.0 136 2615 0.370 96.0 
90 8 216.0 16.0 156 2795 0.415 107.0 
90 y 203.3 12.3 171 2930 0.445 110.0 
90 10 193.0 10.0 183 0.470 109.0 
90 11 184.5 8.2 196 3140 0.485 105.0 
90 12 177.5 re 206 3200 0.500 98.5 


It must be stated again that the assumptions underlying the 
determination of v, do not coincide with probable physical facts, 
because the expansion may not, as we have already suggested, 
be truly adiabatic; neither is it true that all the steam is con- 
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densed at an average pressure equal to the saturation pressuze 
which corresponds to the final temperature of the mixture, but 
inasmuch as the coefficient C has been established as a quality 
factor which is equal to one in the best possible injector working 
under generally similar conditions, curves 1, 2, and 3 are quite 
sufficient for illustrating the influence of suction-water tem- 
perature upon the pumping power of an injector. 


CHARACTERISTICS 


Injectors which receive their steam supply from the exhaust 
of locomotives have to work with operating steam pressures of 
as low as 1 lb. Consequently, the value v, in Eq. [2], being the 
velocity which the steam attains in adiabatically expanding to 
the condensation pressure, is only a fraction of one that is at- 
tained in injectors working with steam of boiler pressure. The 
impossibility of maintaining the value of v, in Eq. [2] at a high 
enough figure, or to obtain a sufficient steam momentum, has 
been the stumbling block in the adaptation of the injector prin- 
ciple in exhaust-steam-injector feedwater heaters on locomotives 
or other steam plants, coupled with the fact that coefficient C 
containing the influence of rapid condensation capacity could not 
be made higher to compensate for the loss in »,; rather the more 
unfavorable ratio of the condensing surface of the steam jet 
to its cross-sectional area which is obtained in low-pressure in- 
jectors as a result of the very much larger steam nozzles required 
actually tends to make condensation more difficult. Assuming 
for purposes of relative illustration that the factors C obtaining 
in an exhaust-steam injector were as high as the ones obtained 
in an injector working with higher pressures, and using the values 
of C from Fig. 2, Table 2 was calculated in the same manner 
as Table 1, and the results were plotted in Fig. 4. 


TABLE 2 
1 2 3 4 5 6 7 8 
Pe Pi 
ts W t lb. per H—He ft. per Ib. per 
deg. fahr. S deg. fahr. sq.in. abs. B.t.u. sec. c sq. in. 
40 6 203.2 12.3 12 773 0.443 15.1 
40 7 182.8 8.0 45 1499 0.488 54.3 
40 Ss 166.9 5.6 68 1842 0.523 74.9 
40 9 154.3 4.1 87 2065 0.547 83.2 
40 10 143.9 3.2 105 2290 0.567 mf 
40 11 138.2 2.7 116 2408 0.585 89.4 
40 12 127.9 2.1 129 2535 0. 88.9 
40 13 121.6 1.8 137 2625 0.615 86.6 
40 14 116.2 1.5 147 2700 0. 83.5 
60 7 201.5 11.9 17 923 0.447 17.4 
60 8 184.7 8.3 40 1411 0.484 37.5 
60 9 172.3 6.4 59 1719 0.512 50.3 
60 10 164.1 5.2 73 1913 0.529 54.9 
60 ll 153.5 4.1 87 2065 0.553 58.6 
60 12 146.3 3.4 101 2250 0.565 62.2 
60 13 140.2 2.9 1 2330 0.575 59.5 
60 14 134.8 2.6 115 2395 0. 57.5 
80 7 217.8 + 
80 8 203.5 12.5 13 809 0.443 10.1 
80 9 190.3 9.4 34 1304 0.468 24.2 
80 10 180.2 7.6 48 1551 0.494 31.5 
80 ll 171.9 6.3 61 1745 0.514 36.3 
80 12 164.8 5.3 71 1885 0.528 38.2 
80 13 158.8 4.6 79 1985 0.545 38.8 
80 14 153.5 4.0 88 2095 0.553 38.7 


These curves, then, represent the very highest possible pres- 
sures against which a single-stage injector, similar to the one 
shown diagrammatically in Fig. 1, could work with a pressure of 
1 lb. It is evident that in order to utilize such a single-stage 
exhaust-steam injector under conditions of modern boiler pres- 
sures at all, means for boosting the delivery pressures have to 
be provided. As a matter of fact, steps were taken by English 
manufacturers many years ago to increase delivery pressures 
of exhaust-steam injectors by compounding; i.e., the addition 
of a second or so-called forcer stage, the suction of which was 
coupled on to the delivery end of the exhaust-steam stage and 
which operated with steam of boiler pressure. Fig. 5 shows such 
a compound exhaust injector diagrammatically, and its working 
will be readily understood with the explanations formerly given. 


| 


RAILROADS RR-51-3 17 


Two overflows were provided, and the proportions were such 
that the overflow pressure in the exhaust-steam stage never 
exceeded the atmospheric, making it possible to seal this overflow 
chamber with an ordinary check; whereas the overflow in the 
forcer stage, having always a pressure above the atmospheric 
had to be either locked by hand or, as shown in the diagram, 
by the delivery pressure itself, which latter arrangement made 
the injector relatively easy of operation. In another design 
shown diagrammatically in Fig. 6 the arrangement was substan- 
tially the same except that a small supplementary steam nozzle 
within and concentric with the exhaust-steam nozzle was added 
for the purpose of obtaining higher delivery pressures from the 
preheating stage and to thus increase the range of the forcer 
stage and of the injector as a whole. 

It should be here remembered that the range of feed of an 
injector is entirely governed by its surplus of kinetic energy 
when working with the most favorable ratio of water to steam, 
and that the greatest surplus is obtained for mixtures the tem- 
perature of which is low enough to allow the operating steam to 
gain the greatest momentum. Thus the momentum produced 
in the forcer stage will fluctuate with the amount of water fed 
to it in an already well-preheated condition far more than would 
the momentum produced in the same injector stage were it fed 
with cooler water. On the other hand, the water preheated 
in the low-pressure stage has already a momentum imparted 
to it and arrives at the forcer stage under a pressure, so that the 
forcer stage only makes up the balance. Still it is important 
for the proper working of such a combination that the pressure 
characteristics of both stages be similar and stay similar func- 
tions of W/S, as otherwise stability over a range of feeds can 
be maintained only through adjustment of the steam supply 
to the forcer stage. Fig. 7 illustrates the point. The full-line 
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curves are the part-pressure characteristics of both stages as- 
sumed to be alike and superimposed; also the resulting total- 
pressure characteristic. The dotted lines are the partial-pres- 
sure characteristics shifted with relation to each other and the 
resulting total-pressure characteristic. It is readily seen that 
for an assumed boiler pressure the range of feed becomes smaller 
as the partial characteristics become different functions of the 
ratio W/S, 


In locomotive operation rapid and unforeseen changes of ex- 
haust pressure are a common occurrence; consequently with 
compound injectors consisting of fixed nozzle stages the ratios 
of water to steam will, for a given admission of water to the 


FORCER STAGE 


SUPPLEMENTARY 
NOZZLE 


Fig. 6 or Compounp Exuaust INJECTOR 
(With small supplementary steam nozzle added.) 


— 


Exhaust Pressure =/Lb.Gaqe 


t, = 60 Deg. fahr- 
170 
160 
/ 
o Wh 
a | 
| 
110 


3 


10 12 14 15 
Lb. of Water per Lb. of Steam 

Fie. 7 Pressure CHARACTERISTIC OF CoMPOUND EXxHAuST-STEAM 

INJECTOR 


(Calculated from Pullen, “Injectors, Their Theory, Construction 
and Working.’’) 


low-pressure stage, undergo rapid changes, and the partial- 
pressure characteristics will become different functions of the 
ratio W/S unless the admission of live steam to the forcer stage 
is altered in conformance with the change of exhaust-steam flow — 
which is a very difficult matter in practice. 

In Fig. 7 it has been assumed that whereas each one of the 
two stages produced about 87 lb. of pressure, or a total of 174 
lb. when both work with the most favorable ratio W/S equal 
to 8'/2, the pressure which the exhaust-steam stage contributes, 
when its W/S becomes 6'/2, is only about 30 lb., or that the 
total available delivery pressure will under those circumstances 
decrease to 117 lb., which is not sufficient to feed against the 
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assumed boiler pressure of 160 lb. If the exhaust stage was 
producing its maximum pressure with 1 lb. of exhaust steam, for 
instance, a rise of the exhaust pressure to 5 lb. would just about 
produce a change of that magnitude in the ratio W/S. The 
pressure characteristics used in Fig. 7 are calculated theoretical 
curves taken from Pullen’s book and are found in the chapter 
on exhaust-steam injectors for an exhaust pressure of 1 lb. gage 
and 60 deg. fahr. suction water. A factor C of 0.5 has been 
applied to reduce the theoretical pressures to the ones that may 
properly be expected to be obtained in practice. 

The higher the suction-water temperature is initially, and the 
lower therefore the range of partial pressures of the exhaust- 
steam stage, the more disturbing will be the effect of the fluc- 
tuating exhaust pressures and herewith the loss of similarity 
of the partial-pressure characteristics. 

As a matter of fact, the manipulation of compound exhaust- 
steam injectors proved to be so bothersome on English locomo- 
tives that their use was largely abandoned. 

e If the duty of the exhaust-steam stage is purposely decreased 
and its share of the required total-delivery pressure reduced 
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which can be accomplished through the installation of relatively 
small exhaust-steam nozzles and by thereby increasing the values 
of W/S (in which case the action of the forcer stage is intensi- 
fied) or if that should not be possible, by the installation of the 
supplementary nozzle, already referred to, in the exhaust-steam 
stage itself—the action of a compound injector can be some- 
what stabilized; however, only at the expense of the reclamation 
of exhaust steam or by reducing the value of the apparatus as 
a feedwater heater. 

An examination of the pressure characteristics of injectors 
working with higher steam pressures (Fig. 2) reveals that their 
power decreases very much more rapidly with decreasing values 
of W/S than with increasing ones. This is owing to the fact 
that with decreasing W (S being the same throughout the range 
of an injector with constant steam-nozzle and operating-steam 
pressure) the product S X v, X C which, in the high-pressure in- 
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jector, is responsible for by far the greatest proportion of the re- 
sulting momentum, decreases very fast, because v, decreases as 
the square root of the available energy of expansion, which latter 
again becomes rapidly smaller with a rising temperature of the 
mixture and the rise of P». 

In injectors working with exhaust pressures the tendency to- 
ward a rapid decrease of delivery pressures with decreasing ratios 
of W/S is still more emphasized. On the one hand, the other 
product on the left side of Eq. [2]—i.e., W X va X C—is relied 
upon to contribute a larger share of the resulting momentum, 
and it decreases faster than W itself; on the other hand, S is, 
in the exhaust-steam injector, not constant throughout its range 
of operation. The steam flow through a nozzle maintains it- 
self at the maximum only as long as the counter pressure at the 
mouth of the nozzle is lower than the critical pressure equal to 
57 per cent of the operating pressure. This is always the case 
in high-pressure injectors, but not necessarily so in low-pressure 
machines. With 1 lb. gage, or 15.7 lb. abs. operating pressure, 
the maximum steam flow through the steam nozzle is not going 
to be obtained unless P, is lower than about 9 lb. abs., and it 
is not always possible to so limit the working range of an injector. 

By similar reasoning one must arrive at the conclusion that 
instability of operating steam pressure is, with a given fixed size 
of steam nozzle, very much more disturbing to the lower-pressure 
injector than to the instrument working with steam of boiler 
pressure, a difficulty touched upon in the graphical illustration 
of Fig. 7, which is meant to explain the inherent difficulties of 
compound exhaust-steam injectors arising out of the adjust- 
ment of the quantity of water handled. 

While the inherent insufficiency of pumping power and the 
resulting lack of regulation cannot be eliminated without some- 
how increasing the utilization of the steam’s expansive power, 
the disturbing influence of widely varying operating pressures 
can be remedied by automatic pressure-regulating means; and 
one American firm of manufacturers when reviving the idea 
of the compound exhaust-steam injector embodied such auto- 
matic exhaust-steam regulation in the design of its machines. 

Preheating the tank water with exhaust steam by mixture, 
and controlling by thermostatic means the maximum preheat- 
ing temperature, with the intention of pumping the preheated 
water with a relatively efficient live-steam compound injector 
into the boiler, has been tried as a means of exhaust-steam 
reclamation, but little has become known of the results that were 
obtained. 

Some railroads, in an effort to solve the exhaust-steam-injec- 
tor problem, have also tried preheating the water in the tender 
by exhaust steam, with and without thermostatic regulation, 
and they have endeavored to handle the thus preheated water 
into the boiler with relatively efficient compound live-steam 
injectors. 

All of the exhaust-steam-injector combinations mentioned 
are handicapped in range and stability because of the inherently 
small momentum which an ordinary injector when operated 
with a very low steam pressure is able to impart to the water 
and because of the necessity to boost its action by a secondary 
nozzle combination fed with steam of higher pressure, the char- 
acteristic of which does not automatically correlate itself to the 
one of the low-pressure-stage characteristic, with fluctuations 
of exhaust-steam pressure or water quantities handled. The 
smaller the momentum of the low-pressure jet or the lower the 
pressure that the exhaust-steam stage can produce, the greater 
has to be the momentum or pressure contributed by any booster 
or forcer stage, and the more pronounced will be the lack of auto- 
matic correlation of the two stages. 

No mention has been made so far of fluctuations in the quality 
of the exhaust steam, which on a locomotive may be very con- 
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siderable. Even if it were possible by mechanical means to 
keep the exhaust pressure from fluctuating, the number of heat 
units passing through an exhaust-steam nozzle of fixed size would 
vary somewhat with the operating conditions of the locomotive 
and therewith the equivalent ratio W/S. 

If the manufacturers of so-called live-steam injectors strove 
for highest pumping effect, so that they might minimize the 
amount of steam used and so that they might work with large 
ratios of water to steam, the designers of exhaust-steam injectors 
have every reason to strive for largest pumping power for the 
sake of obtaining sufficient stability with lowest ratios of water 
to steam, because the very object of the use of an exhaust-steam 
injector is the condensation of as large a part of the available 
exhaust steam as possible, with a view to the greatest fuel and 
water saving. Inasmuch, then, as those proportions of water 
to steam which are most profitable from the feedwater-heating 
point of view occur in that part of an injector’s pressure char- 
acteristic where the pumping action is least stable, the task of 
producing a machine that is sufficiently flexible in its operation, 
and which yields a substantial feedwater-heating effect besides, 
seemed to be doubly difficult. 

However, a great step in advance could be recorded in the 
history of exhaust-steam-injector development when Davies & 
Metcalfe, Ltd., English manufacturers who had been identified 
with exhaust-steam-injector research since the very earliest days 
of the conception of the apparatus, succeeded in evolving a 
single-stage nozzle combination which yielded nearly twice the 
pumping power of single-pressure stages that had theretofore 
been used. 

As now built, a delivery pressure of at least 146 lb. gage is 

‘being obtained with an operating steam pressure of 1 Ib. and a 
suction-water temperature of 60 deg. fahr. In order to boost 
the delivery pressure to the prevailing boiler pressures, a rela- 
tively small amount of boiler steam is required. Davies & 
Metcalfe succeeded in superimposing this supplementary jet 
of steam upon their exhaust-steam jet, to administer the former 
through a supplementary steam nozzle concentric with the main 
exhaust-steam nozzle, and to condense the two steam jets in 
one combining nozzle without putting a prohibitive condens- 
ing load upon it, an arrangement similar to the one shown 
diagrammatically in Fig. 6. A longitudinal section of a Davies 
& Metcalfe exhaust-steam injector with its auxiliary apparatus, 
as adapted to American locomotive practice and put on the 
American market by the Superheater Company under the trade 
name ‘‘Elesco,” is shown in Fig. 8. 

Those interested in exhaust-steam injectors from an operating 
point of view are referred to the trade publications of the various 
manufacturers. There the designing means selected for assur- 
ing a proper working of exhaust-steam injectors on locomotives 
can be inspected. The designs must all embody a provision 
for allowing the injector to change over automatically from 
exhaust-steam to live-steam operation when the throttle is closed 
or when a sufficient supply of exhaust steam disappears. Enough 
space can hardly be allowed in this discussion to do justice to 
the various design details, and they are really considered out- 
side the scope of this paper. Attention is here called only to 
the overflow valve of the Metcalfe “Elesco’”’ design, which is 
pressure-loaded, the pressure being obtained from the delivery 
side of the injector. Experience has shown that it can be loaded 
safely so as to cause the overflow pressure to rise to about 8 lb. 
above the atmospheric without causing the injector to blow 
back at the lowest operating steam pressures which occur in 
practice. It is obvious that an extension of the range of over- 


flow pressures permitted with this arrangement is helpful in 
obtaining a relatively wide selection of the ratio of water to steam. 
The advance in the art of designing exhaust-steam injectors 
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which Davies & Metcalfe made is, within the frame of this dis- 
cussion, best illustrated by a comparison of the performance 
of an Elesco injector with that of a standard injector consisting of 
steam nozzle, combining nozzle, and delivery nozzle only. In 
Table 3 the values of ¢,, t, and P;, which were obtained for cer- 
tain exhaust-steam pressures in the test of a No. 10 Elesco in- 
jector, are recorded. With these quantities established by test, 
the ratios W/S were then calculated with the help of the simpli- 
fied Eq. [la]. With the further assumption that the steam 
condensed at a pressure P, (the saturation pressure correspond- 
ing to t), the values of P, were established from the tempera- 
tures, the heat drop from adiabatic expansion was taken from a 
Mollier diagram, the velocity of the expanding steam was cal- 
culated therefrom, and finally, with a knowledge of all these 
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quantities, the coefficient C was calculated with the help of Eq. 
[2a] and placed into the last column of Table 3. 


TABLE 3 
Exhaust Pi Po 
pressure, te t gage b. per ?. 
Ib. H deg. deg. Ib. per sq. in. H—Hp ft. per 
gage B.t.u. fahr. fahr. W/S sq.in. abs. B.t.u. sec. 
1 1151 40 146 9.78 168 3.40 100 2230 0.777 
3 1154 40 152 9.23 185 3.95 103 2265 0.764 
5 1157 40 160 8.57 200 4.74 98 2205 0.760 
10 1160 40 178 7.35 235 7.35 87 2080 0.763 
15 1163 40 186 6.91 270 8.50 86 2070 0.912 
1 1151 50 150 10.33 160 4.74 80 1950 0.912 
1157 50 160 9.35 185 4.79 98 2210 0.790 
10 1160 50 173 8.30 222 6.45 95 2175 0.790 
15 1163 50 185 7.47 262 8.40 86 2070 0.820 
20 1164 50 198 6.74 280 11.00 81 2050 0.784 
1 1151 60 160 10.25 148 4.79 79 1980 0.858 
5 1157 60 170 9.26 175 6.00 78 1970 0.853 
10 1160 60 180 8.44 210 7.20 88 2090 0.812 
15 1163. +60 196 7.34 235 10.80 76 1945 0.815 
20 11 60 198 7.23 250 11.00 81 2050 0.787 
1 1151 70 171 10.20 += 130 6.10 62 1756 0.902 
5 1157 70 182 8.90 155 ws 63 1770 0.867 
10 1160 70 192 8.20 185 9.80 1810 0.857 
15 1163 70 190 8.30 210 9.70 78 1870 0.894 
20 1164 70 210 7.04 230 14.10 1810 0.835 
1 1151 80 180 10.03 115 7.20 52 1610 0.910 
5 1157 80 190 9 132 9.70 50 1575 0.905 
10 1160 80 203 8.04 160 12.20 50 1575 0.900 
15 1163 80 216 7.20 165 16.00 44 1480 0.884 


It will be noted from Fig. 9, in which a plot of coefficient C 
as a function of ¢ has been attempted, that no such very definite 
function could be established, but that the range of the values 
of coefficient C is considerably higher than the ones experimen- 
tally established by Kneass for an injector of simpler design 
and working with 135 lb. abs. pressure. The values of C from 
Kneass, which are presented in Fig. 3, and which formed the 
basis of the calculations heretofore presented, obtained for a 
wide range of the quantity W/S—so wide that the density of 
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the jet, or the percentage of steam actually condensed in the 
combining nozzle, greatly varied. On the other hand, the coeffi- 
cients C found for the Elesco injector apply, all of them, to the 
most favorable loads carried by the injector for a given exhaust- 
pressure and suction-water temperature—at which most favorable 
loads the complete or nearly complete condensation of the steam 
was undoubtedly obtained in the combining tube. Could the 
Elesco injector have been tested with a wider range of loads, 
and had the maximum density of the jet thus not been main- 
tained, the factor C would undoubtedly have shown a declining 
tendency for the lower jet density also. The values of C as 
given in Fig. 9 for the Elesco injector are then really comparable 
only with the maximum value of C in Fig. 3. 

It should here again be emphasized that the short-cut method 
of calculating the various quantities in Tables 1 and 2 on the 
assumption that all the steam expanded to P», the saturation 
pressure corresponding to the temperature of final mixture, was an 
approximation only. The assumption may nearly coincide with 
physical facts for jet densities equal to 1 only, at which density 
the highest delivery pressure should be obtained in a correctly 
proportioned injector. However, the curves plotted from Tables 
1 and 2 had only the purpose of illustrating relative performances 
and of establishing the general character of the function be- 
tween delivery pressure and load; they are not meant to repre- 
sent the actual absolute values of the pumping power of a cer- 
tain injector. Therefore we hope that the method of presen- 
tation will not be too severely criticized. 

In examining Fig. 9, the high relative values of the coefficient 
C of the Elesco injector are readily noticeable and prove design 
progress. They explain the very satisfactory range of action 
which is being obtained with Elesco injectors in service and 
which gives the Elesco injector a relatively great immunity 
against troubles from varying exhaust-steam pressures and from 
changes of water adjustment. 

Mr. Metcalfe himself is of the opinion that the improvement 
in the mechanical action of this latest injector is due to a rela- 
tively small impact loss. As Fig. 8 shows, condensation in the 
Metcalfe Elesco injector is effected on the inside and outside 
of a water jet of annular cross-section, and Mr. Metcalfe be- 
lieves that the water jet, accelerated by condensation of steam 
on its inside, can condense the steam on its outside with a rela- 
tively small impact loss. It is also not impossible that part of 
the improvement at least is due to the increased condensing 
surface of the Metcalfe Elesco arrangement and a consequent 
greater condensing effect. 

Fig. 10 shows a group of curves which denote limits of sta- 
bility of a No. 10 Elesco injector when handling certain quanti- 
ties of water of various temperatures from the supply tank and 
when operated with varying exhaust-steam pressures against 
a boiler pressure of 190 lb. gage. The curves were experimentally 
obtained in the laboratory with 175 lb. supplementary steam 
pressure and a supplementary nozzle of 9 mm. bore, which per- 
mitted a constant supplementary steam flow of about 910 lb. 
per hr. The curves clearly indicate the influence of suction- 
water temperature upon feed range as well as upon the injector’s 
ability to remain stable with fluctuations of exhaust-steam pres- 
sure. If 21,000 lb. of feedwater of 80 deg. temperature be ad- 
mitted to the injector, it is at once apparent from the curves in 
No. 10 that the exhaust-steam pressure may vary between 0 
and 13 lb. above atmosphere without endangering the perform- 
ance of the injector. It also can be seen from these curves 


that with 80 deg. and 6 lb. exhaust pressure the quantity of water 
taken from the tank may be varied from 25,000 Ib. per hr. to 
18,000 Ib. per hr., which corresponds to an approximate range 
of from 72 to 100 per cent, a creditable performance at the rela- 
tively high suction temperature. 


With water as cool as 50 deg. 
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fahr., a range of about 50 per cent can be had over a considerable 
range of exhaust-steam pressures, and in general it can be con- 
cluded from the character and import of these curves that loco- 
motive engineers should have, generally speaking, no trouble 
in getting along with injectors of such characteristics in territories 
in which extraordinarily high suction-water temperatures, say 
in excess of 80 deg. fahr., are not encountered. An Elesco 
exhaust-steam injector can, as will be noticed, handle water in 
excess of a temperature of 90 deg. fahr., but a satisfactory sta- 
bility could not any more be maintained automatically under 
conditions of varying water quantities and under conditions of 
the influence of varying exhaust-steam pressures. With ex- 
tremely high water temperatures the locomotive engineer or 
fireman or whoever operates the injector occasionally has to 
readjust the quantity of water fed whenever the exhaust pres- 
sure widely varies, so that under such extreme suction-water 
temperatures even the Elesco exhaust-steam injector is then 
not as automatic in its action as the designer would like to have it. 


FEEDWATER-HEATING EFFECT 


From the delivery temperatures which were obtained with the 
Elesco No. 10 injector and from its corresponding values of W’, 
the weight of the water handled from the tank, of suction-water 
temperature t,, and of exhaust-steam pressure, we can calculate 
the saving of water and the saving of fuel in the following manner: 


If S, 
S; 


weight of exhaust steam condensed per hour 
weight of supplementary steam condensed per hour 


H, = total heat in exhaust steam per pound above 32 deg. 
fahr. 
H, = total heat in supplementary steam above 32 deg. fahr., . 


a simplified Eq. [1b] can be written as follows: 


W —32) +S. X He +S. X He = (W +S. +S) — 32) 


As will be noticed, the kinetic energy of the water entering 
into the combining nozzle under the pressure of the atmosphere 
was neglected on the left side of the equation, but to compen- 
sate for it in some measure the gage pressure P;, and not the 
absolute pressure P, was introduced into the second member 
on the right side of the equation. 

Further introducing 


190 lb. 

= 910 lb. per hr. (which was calculated by Napier's for- 
mula for 175 lb. supplementary-steam pressure) 
1141.8 (being the total heat of steam of 175 lb. gage 
pressure) 

2.36 ft. (being a good average for water temperatures 
within the injector) 


ll 


ll 


and solving for S., we obtain the following equation: 


_ Wt—t. + 0.576) — 1,068,575 
H. —t + 31.424 


Se 


In Table 4, columns 1, 3, 4, 5, and 6 contain quantities estab- 
lished by the same tests that enabled us to plot the set of curves 
in Fig. 10; column 7 contains the pounds of exhaust steam cal- 
culated from Eq. [3]. 

By addition of S, in column 7 to the values of W in columns 
5 and 6 we obtain the values of W:, which are the amounts of 
water evaporated in the boiler and which go to the main cylin- 
ders and auxiliaries (the latter with the exception of the exhaust- 
steam injector itself). The actual total evaporation is W: + 
S:; however, it can be assumed that all of the heat in S, re- 
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TABLE 4 PERFORMANCE OF NO. 10 ELESCO EXHAUST-STEAM INJECTOR 
(Delivery pressure, 190 lb. gage; supplementary pressure, 175 lb. gage; bore of supplementary nozzle, 9 mm.; 


dry overflow.) 


1 2 3 4 5 6 7 8 9 10 
Exhaust 
pressure, te t w Ww Wt We 
Ib. He deg. deg. max. min. Se max. min. m 
gage B.t.u. fahr. fahr. Ib. per Ib. per lb. per Jb. per Ib. per % 
hr. r. hr. hr. hr. 

1 1151 50 142 26,200 1300 27,500 4.73 
1 1151 50 222 13,000 1225 14,225 8.62 
5 1157 50 152 26,900 1625 28,525 5.71 
5 1157 50 232 13,700 1500 15,200 9.88 
10 1160 50 162 27,5 1970 29,470 6.68 
10 1160 50 232 15,000 1730 16,730 10.35 
15 1163 50 174 28,800 2445 31,245 7.83 
15 1163 50 232 17,700 2270 19,970 11.38 
20 1164 50 198 26,500 2875 29,375 9.80 
20 1164 50 228 20,400 2655 23,055 11.50 
1 1151 60 152 25,500 1253 26,753 4.69 
1 1151 60 228 12,800 1141 13,941 8.19 
5 1157 60 162 26,000 1558 27,558 5.66 
5 1157 60 230 14,700 1499 16,199 9.25 
10 1160 60 173 27,600 2035 29,635 6.86 
10 1160 60 230 17,200 1940 19,140 10.14 
15 1163 60 189 26,800 2390 29,190 8.20 
15 1163 60 232 18,900 2277 21,177 10.75 
20 1164 60 210 25,600 2829 28,429 9.94 
20 1164 60 232 21,100 2671 23,771 11.24 
1 1151 7 163 «24,900 1240 §=26,140 4.75 
1 1151 70 228 13,700 1155 14,855 7.78 
5 1157 7O 174 25,700 1595 27,295 5.83 
5 1157 70 232 15,900 1584 17,484 9.08 
10 1160 70 184 26,800 1990 =28,790 6.92 
10 1160 70 230 18,200) 1928 20,128 9.56 
15 1163 70 200 26,600 2418 29,018 8.33 
15 1163 70 230 19,600 2145 21,745 9.88 
18 1164 70 210 26,100 2636 28,736 9.17 
18 1164 70 230 21,600 2480 24,080 10.39 
1 1151 80 180 23,600 1302 24,902 5.23 
1 1151 80 223 15,200 1162 16,362 7.11 
5 1157 80 187 24,700 1589 26,289 6.04 
5 1157 80 222 18,000 1546 19,546 7.95 
10 1160 80 202 24,800 1995 26,795 7.45 
10 1160 8O 227 19,800 1923 21,723 8.85 
15 1163 8O 214) 26,200 2515 28,815 8.73 
15 1163) 80 228 22,300 2322 24,622 9.43 
19 1164 8O 230 24,400 2695 27,095 9.95 
19 1164 sO 230 23,600 2572 26,172 9.84 


enters the boiler, so that the heat in W: only comes from the fuel. 
The saving in water that can be effected through the use of 
the exhaust steam injector is calculated as m. 


m = S./Wi X 


and the value of m is contained in column 10 of Table 4. 

The saving in fuel in percentages is equal to the heat saving 
in percentages that is effected through the condensation of ex- 
haust steam and the return of its heat to the boiler, provided 
we assume the boiler and furnace efficiency of the locomotive 
not to have been affected by the reclamation of B.t.u. from the 
exhaust. With this assumption, which is proper on all locomo- 
tives with amply large grates and heating surfaces, the fuel sav- 
ing in percentages is calculated as 


Q- heat added to W by exhaust steam 
Q: heat in W; 


= 


Q. is contained in column 11 and was calculated from column 
7 and column 2, which latter contains the heat contents of the 
exhaust steam at the various exhaust-steam pressures assumed 
to be dry-saturated. Q, was calculated with the assumption 
that 90 per cent of W:, the total amount of steam going to main 
cylinders and auxiliaries, was evaporated at 190 lb. pressure 
and superheated to 600 deg. fahr. for the consumption of the 
main cylinders, whereas the balance of 10 per cent was assumed 
to be generated at the same pressure of 190 lb., but was used 
a8 saturated steam for the auxiliaries, a condition which is true 
for many superheated-steam freight locomotives in this country 
which are stoker-fired. Thus Q, was found to be from the equa- 
tion 


[6] 


RR-51-3 21 


The values of Q, are contained 
in column 12 and the values of n 
in column 13. 


11 12 13 
a. Q The calculations have been car- 
Btu Btu. a ried through in Table 4 for suc- 
tion-water temperatures of 50, 60, 
1,608,437 35,700,000 4.53 70, and 80 deg. The values of m, 
1,609,437 18,500,000 8.70 h 
2'010'737 37 000,000 5.44 representing the water saving in 
1,935,937 19,600, 
2'418,937 38220000 6.32 Percentages, were plotted in Figs. 
2,219,037 21,750,000 10.29 11 to 14, and the fuel savings n in 
3,001,637 40,600,000 7.40 in Fi 
2,817,037 25,950,000 10.85 percentages in Figs. 15 to 18. 
405,947 38,150,000 9.2 
3'291'137  30/000000 10.97 Each one of the figures shows 
two curves representing the maxima 
1,566,117 34,730,000 4.51 d 
1,512,517 18,105.000 8.35 8nd minrma of fuel and water 
2,208,977 35,795,000 6.16 ithi 
2'017.937 21010000 9.60 S#Vings obtainable within the range 
2,496,437 38,500,000 6.48 of operating conditions that corre- 
2,525,937 24,850,000 10.15 
37.910'000 7.74 spond tothe group of curves in Fig. 
2,848,737 27,450,000 10.37 orati 
36°990000 9.60 10. The actual operation of the 
3,305,957 30,820,000 10.73 injector will be carried on some- 
1,554,137 34,110,000 4.56 Where within the limits of stability 
1,533,937 19,300,000 7.95 
1084237 35'590:000 that are recorded in Fig. 10, and 
2,034,737 22,690,000 8.94 the fuel and water savings will be 
2,449,937 37,398,000 6.56 
2'429'937. 26150000 930 somewhere between the minimum 
2,982,937 37,650,000 7.66 
28250000 9156 and maximum curves in Figs. 11 to 
3,240,537 37,310,000 8.79 14 and Figs. 15 to 18. The maxi- 
3,090,437 31,250,000 9.89 
mum fuel and water savings cor- 
1,649,437 32,350,000 5.10 ini i 
1'529°437 19'750:000 7°74 respond to the minimum ratios of 
1,996,537 34,150,000 5.85 W/S,, with which the injector could 
1,982,347 25,400,000 7.80 
2'474.837 34:950.000 7.08 be operated without spill at the 
2,485,437 28,200,000 8.83 
3114387 37450000 8.40 overflow, and the minimum fuel 
2,893,337 32,020,000 9.03 and water savings correspond to the 
3'187.937 33,990000 9.38 Maximumratiosof W/S, with which 


the injector overflow remained dry. 

It will be noted that the percentages of fuel and water saving 
are of considerable magnitude. The curves prove that with 
properly designed exhaust-steam injectors very appreciable 
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feedwater-heating effects can be obtained and that this type 
of apparatus can be made a worthy competitor of other known 
means for accomplishing the preheating of feedwater by exhaust 
steam on locomotives. 

Inasmuch as the curves in Fig. 10 prove that with rising ex- 
haust-steam pressures the exhaust-steam injector can feed in- 
creasing quantities of water, and inasmuch as during the opera- 
tion of the locomotive rising exhaust pressures indicate increased 
water requirements, the pumping and feedwater-heating proper- 
ties of these machines adjust themselves rather well to the operat- 
ing conditions of a locomotive. Generally speaking, the feed- 
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are the ratios of water to 
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a compound injector, a 
fact which has been re- 
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smaller practical conse- 


boiler pressure. In 
practice it will be desir- 
able to so select the size 
of an exhaust-steam in- 
jector that positive op- 


eration and sufficient flexibility are assured with the suction- 
water temperatures that are encountered, but to select an un- 
necessarily small injector or one that is used near the higher 
limit of its stability range means a wanton sacrifice of feed- 
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working of compound injectors. Still, by adding the mechani- 
cal complication of a pressure-regulating or limiting device to 
the former, relatively larger sizes of injectors become possible 
and greater feedwater effects are secured. It even seems quite 
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within the possibilities of design to evolve automatic exhaust- 
pressure limiting means so constructed that exhaust pressures 
are limited to higher and higher values as the quantity of water 
handled by an Elesco injector is increased. In that manner 
they could be made to work with minimum or near minimum 
ratios of water to steam over the entire range of water quan- 
tities and exhaust-steam pressures which might be encountered 
with greatest feedwater-heating effect and a sufficient stability 
of the jet. If it is found possible to design such regulating means 
so skilfully that the maintenance cost of the entire injector 
installation is not materially increased or that the operation 
of the injector is not accidentally endangered, the use of exhaust- 
steam injectors would produce fuel and water savings which are 
consistently near the values indicated in the upper curves of 
Figs. 11 and 15. 

The calculations and curves presented herewith have more 
the purpose of illustrating the relative behavior of different forms 
of injectors than of establishing definite operating records. Thus 
it was deemed proper to make all computations with a 10-in. 
slide rule. 


Discussion 


Tuomas C. McBrive.‘ The paper is of unusual interest 
because in it there have been published test results revealing 
the operating characteristics of present-day exhaust-steam in- 
jectors. However, it is unfortunate that the information pre- 
sented is not as useful to American engineers as it might have 
been, because the boiler pressure selected for the test is lower than 
the boiler pressures usual in locomotives in this country and the 
different pressures selected for the tests have not been arranged in 
the relationship they bear to each other on the locomotive. 

These tests are reported in Table 4 and were evidently con- 
ducted in the laboratory with 190-lb. boiler pressure and 190-Ib. 
injector delivery pressure. However, 190-lb. injector delivery 
pressure could feed a boiler of only 180-lb. steam pressure, and 
the tests must be considered as applying to this steam pressure 
if they are to be considered as applying to operation on a loco- 
motive. As thus rearranged to suit actual locomotive conditions, 
the injector delivery pressure would be 190 Ib., the boiler pressure 
180 lb., the supplementary steam pressure 175 lb., and the feed- 
water heating effect should be recalculated on the basis of 180-lb. 
steam pressure in the boiler. This rearrangement will not 
seriously affect the results already calculated, but it is important 
that it be understood that the tests as conducted in the labora- 
tory, if considered as applying to an exhaust-steam injector in 
service on a locomotive, must apply to a boiler pressure of 180 Ib. 
This is particularly important if the test results reported are to 
be used to form an idea of the operating characteristics of the 
exhaust-steam injector on our locomotives with their higher boiler 
pressures, 

The first part of the paper treats of theoretical considerations 
which are of interest to the designer, but the user of the injector 
is more interested in the practical features of the latter part. 

Good mechanical and other details may be taken for granted, 
but beyond these details the user is interested in the heat re- 
covery and the capacity range of the exhaust-steam injector. 
The heat recovery determines the fuel saving or increased steam- 
ing capacity that may be obtained from the injector. The range 
in capacity through which the injector will operate and feed the 
boiler determines the convenience of operation. If operation is 
to be convenient, then the capacity range must be wide in order 
that the delivery of the injector may be cut down to a small 
amount to meet the small water requirements of the boiler and 


* Consulting Engineer, Railroad Department, Worthington Pump 
and Machinery Corp., Philadelphia, Pa. 
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not require intermittent operation and, on the other hand, in 
order that the delivery of the injector may be opened up to supply 
a large amount of water to the boiler for the heavy working of the 
locomotive without requiring the assistance of the second in- 
jector. 

With all exhaust-steam injectors and like feedwater-heating 
arrangements, other things being equal, the heat recovery and 
the capacity range are reciprocal. The extent of one must be 
sacrificed in order that the other may be increased. 

This characteristic of the exhaust-steam injector can best be 
understood by reference to the Metcalf exhaust-steam injector 
as used in England, and of which the injector described in the 
paper is a modification. In the Metcalf exhaust-steam injector 
the amount of live steam is regulated by hand. If the amount of 
live steam is increased, of course within limits, the capacity range 
is increased and the injector can be cut down or opened up to 
meet the lighter or heavier water requirements of the boiler. 
But the increased amount of live steam results in less exhaust 
steam condensed, less heat recovered, and less fuel saved. Here 
fuel saving has been sacrified to obtain a wider capacity range 
and greater convenience of operation. If, on the other hand, the 
amount of live steam is reduced, the heat recovery and fuel saving 
are increased, but at the expense of a reduction in capacity range. 
Here higher fuel saving has been obtained, but at the expense of 
trouble in operation because of limited capacity range. Finally, 
it will be found that there is one certain capacity at which a 
minimum amount of live steam secures operation. The heat 
recovery and fuel saving are then at their maximum, but the 
injector will operate at only this one particular capacity, and this 
particular capacity can only by chance equal the water require- 
ment of the boiler. This is the real problem of the exhaust-steam 
injector. Some compromise must be reached as between fuel 
saving and convenience of operation, and the engineer is likely 
to favor convenience to the sacrifice of fuel saving. 

All of this leads up to the Metcalf-Elesco exhaust-steam in- 
jector, described in the paper, with its fixed amount of live steam, 
which in the test reported was 910 lb. per hour. The operation 
of the injector has been simplified by the omission of one valve, 
but at the expense of a compromised combination of a fair 
capacity range and a fair saving in fuel. The engineer cannot 
increase the amount of live steam if he needs still less water for 
the lighter working of the locomotive or still more water for the 
heavy working of the locomotive. Neither can he reduce the 
amount of live steam and obtain a greater saving in fuel when the 
injector is working at a capacity which would otherwise permit 
operation with this greater saving. 

The user of the exhaust-steam injector is vitally interested to 
know the capacities at which it will work and the heat and fuel 
saving that can be obtained from it within this range of capacity, 
but little has been said in the paper of the relation between these 
two features. Now that the information of Table 4 is available, 
this relation can be studied. In Fig. 19 the heat recovered and 
the maximum and minimum capacities reported in Table 4 for 
1, 5, 10, 15, and 20 lb. exhaust-steam pressure have been plotted, 
with the two points for each exhaust pressure connected by a solid 
line marked with that exhaust pressure. The broken curved 
lines then indicate the area throughout which the injector would 
operate in the laboratory. Broken lines have been drawn across 
this area to average the test results and indicate each pound 
of exhaust pressure from 1 to 20. This is as far as the laboratory 
tests can go, but it is noted that the capacity range is reduced 
with high heat recovery and increased with low heat recovery. 

With this laboratory information available it is possible to 
determine what will happen when the exhaust-steam injector 
is applied to a locomotive, and question immediately arises as 
to how large the injector should be in relation to the steaming 


* 
ad 
mts 
+ 
= 
| 
=. 
| 
| 
“ | 
/ 


24 


capacity of the locomotive. It has been presumed that an ex- 
haust-steam injector would be selected of such a size that its 
maximum capacity would be about 75 per cent of the 100 per cent 
boiler capacity as determined by the Cole system of ratios. 
Since the maximum capacity of the exhaust-steam injector tested 
is about 30,000 lb., it has been presumed that the proper size 
boiler for it would be one having 40,000 Ib. evaporation as deter- 
mined by the Cole ratio method. With this thought in view the 
curve marked “exhaust pressure of assumed locomotive’ has 
been plotted from records of an existing locomotive. Only the 
exhaust pressures of this curve are available for operation of 
the exhaust-steam injector on this locomotive, and when these 
actual exhaust pressures for each capacity are extended vertically 
to their intersection with the dotted line representing the same 
exhaust pressure in the laboratory test, it is found that this 
exhaust injector, operating on this locomotive, will operate only 
along the line A. This line therefore determines the maximum 
and minimum capacity at which the exhaust-steam injector can 
work when installed on this particular locomotive and the amount 
of heat it will recover when working at any point between these 
two capacities. 

Of course, the capacity of the injector can be increased or de- 
creased in case of high or low water in the boiler, provided the 
new capacity is within the limits defined by the curved dotted 
lines. In this case the line A represents the average condition, 
and any departure from it will be along the dotted line indicating 
the exhaust-steam pressure supplied by the locomotive at the 
time. 

In the paper it is stated that exhaust-steam injectors on loco- 
motives must work with exhaust pressure as low as 1 lb. From 
Fig. 19 it is noted that the locomotive requires but 7500 lb. of 
water per hour when the exhaust pressure is 1 lb., but that the 
minimum capacity of the injector with this exhaust pressure is 
14,000 Ib. per hour. In order to make use of 1 lb. exhaust pres- 
sure this injector would have to be stopped and started and in 
service but half the time. 

The exhaust-steam injector will not operate on this particular 
locomotive with less than 2'/,-lb. back pressure and would then 
recover 8.8 per cent heat. It could doubtless be made to operate 
at a lower exhaust pressure and lower capacity if supplied with a 
larger live-steam nozzle and more live steam than the 910 lb. 
used in the test, but then the heat recovery would be reduced. 
Similarly, the high heat recoveries of the laboratory test with 
high exhaust pressures cannot be obtained from this exhaust- 
steam injector installed on this locomotive. The locomotive 
supplies an exhaust pressure of only 6.8 Ib. at the maximum 
capacity at which the injector will work, and the heat recovery 
is then only 5.9 per cent. 

Other features must be considered when using the laboratory 
test to determine the action of the exhaust-steam injector in 
operation on a particular locomotive. If it is presumed that the 
exhaust pressure of the locomotive may fluctuate to as much as 3 
lb. higher than the average shown by the curve at the minimum 
capacity and 3 lb. lower at the maximum capacity, then the mini- 
mum capacity will be increased to 16,250 lb. of water per hour, 
and the maximum will be reduced to 27,500 lb. per hour instead 
of the minimum of 14,500 lb. and the maximum of 28,250 lb. of 
the laboratory test. Furthermore, it will not be possible to start 
the injector at either extreme of its capacity, but only at some 
little distance within the operating area, and the quality of the 
steam supplied by the locomotive will not be as good as that of 
the steam in the laboratory. For these reasons satisfactory 


operation of the exhaust-steam injector at capacities approaching 
either end of the line A is doubtful, and it is for this reason that 
the ends of this line have been shown dotted. 

The author of the paper advocates the use of a large size of 
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exhaust-steam injector in proportion to the size of the locomotive. 
The effect is evident from an inspection of Fig. 19, for the rela- 
tively larger size exhaust injector will then be supplied with a 
higher pressure of exhaust steam, and there will be a higher heat 
recovery and greater fuel saving, but here again this greater fuel 
saving is obtained at the expense of a reduced capacity range and 
less convenience of operation, for the area throughout which the 
injector will operate narrows toward the top. The amount of 
water required by a locomotive at its usual working rates on the 
road determines the size of the exhaust-steam injector best suited 
for it, not the heat-recovery possibilities of other sizes of injectors. 

The author also comments on the advisability of an exhaust- 
pressure-limiting device added to the injector. From Fig. 19 
it is evident that the locomotive itself is such a limiting device. 
In the case of locomotives with much higher back pressures, 
such an exhaust-pressure-limiting device might have some effect 
and hold line A down toward the bottom of the operating area of 
Fig. 19, but any such arrangement would be a deliberate sacrifice 
of heat recovery and fuel saving in order to obtain a greater 
capacity range and more convenient operation. 
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COVERY OF THE ExHaustT-STEAM INJECTOR AND A FEEDWATER 
HEATER ON THE SAME LocoMOTIVE 


The author also reaches the conclusion that the exhaust-steam 
injector “can be made a worthy competitor of other known 
means for accomplishing the preheating of feedwater by exhaust 
steam on locomotives.”’ This conclusion may seem warranted 
from the standpoint of the laboratory test, but when the exhaust- 
steam injector must operate under the limitations imposed by the 
locomotive as shown by Fig. 19, the conclusion must be quite 
different. The curve B, marked “heat recovered, feedwater 
heater,”’ has been added to Fig. 19 to show exactly the comparison 
between the feedwater heater and the exhaust-steam injector 
when operating on the same locomotive under the same conditions. 

Feedwater heaters are now generally applied to locomotives 
of a capacity large enough to supply the boiler up to its 100 per 
cent capacity. Exhaust-steam injectors large enough to supply 
the boiler at its higher working rates would not be practical, 
because they would then be so large that they would not supply 
the boiler at its more usual working rates on the road except by 
intermittent operation. 

It is noted that the feedwater heater recovers most heat at the 
higher working rates of the locomotive and therefore increases 
the capacity of the locomotive because it increases the maximum 
steaming capacity of the boiler. The exhaust-steam injector 
must be helped out by the other injector when the boiler is 
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suffering for capacity and increases the steaming capacity only 
for its share of the feeding. The exhaust-steam injector can 
increase the capacity of the locomotive to but about one-third 
the increase obtained from the feedwater heater. 

The relation of the heat recovered and the possibilities of fuel 
saving within the limits of operating capacity of the exhaust- 
steam injector is definitely shown on Fig. 19, line A, which should 
be compared with line B, which shows the results obtained from a 
feedwater heater. 

All of the values of Fig. 19 are based on the presumption of 
180-lb. boiler pressure of the laboratory test as conducted. 
These values will be quite different for American locomotives 
because an injector delivery pressure of 210 to 260 lb. will be 
required. With these higher pressures the operating area of Fig. 
19 will be narrower if the same proportion of live and exhaust 
steam is maintained. In order to obtain a sufficiently wide range 
of capacity of the exhaust-steam injector with these higher boiler 
pressures, it will be necessary to use a larger live-steam nozzle 
and greater proportion of live steam, with consequently lower 
heat recovery and less fuel saving. 

Comment has frequently been made on the extensive use of the 
exhaust-steam injector in England, but it should be remembered 
that 180 Ib. is the usual boiler pressure in England, with but a 
small portion of their locomotives carrying any higher pressure. 
The higher pressures carried by our locomotives present quite a 
different problem. In fact, it has been understood that 180 to 
190 Ib. boiler pressure is the limiting pressure for the exhaust- 
steam injector and that for pressures beyond these the feedwater 
heater must be used. 


C. T. Rieter.’ This is such an important subject that some- 
thing ought to be said by the users of this device. All the dis- 
cussion has been by the manufacturers, and they know a great 
deal more about it than we do. From a user’s viewpoint there is 
a real need for the development of the exhaust-steam injector. 
There are two principal factors we are interested in: First, it is 
much lighter than the feedwater heater equipment; second, it is 
undoubtedly going to be cheaper to maintain. We cannot con- 
sider fuel saving alone. I am not at all sure but the difference 
between the fuel saving in the feedwater heater and exhaust- 
steam injector will be more than made up by the extra cost of 
maintenance. As you know, labor is rising in price faster than 
fuel. This is a factor that railroad men cannot overlook. It 
does not interest the manufacturer as much as it does us. 

I have observed the operation of exhaust-steam injectors on 
English locomotives and found that they were performing satis- 
factorily. It was my belief, however, that their conditions lent 
themselves better to the use of this device than American railroad 
operating conditions. In the first place, they have a very level 
territory. In the second place, they run at much more uniform 
speeds, with fewer slowdowns and less stops and much less drift- 
ing. This is of course distinctly helpful to exhaust-steam injector 
operation. In our country the tests have in many cases un- 
fortunately been made with only one or two of these devices. 
I think this is in a way unfair to the device. If a whole division 
were equipped, the firemen would become more familiar with 
them. This is particularly true in the case of pooled engines, a 
condition which exists on most of our Western roads. The 
firemen have not become familiar with the devices and have not 
taken the necessary interest in them. I think there is no ques- 
tion that if a whole division is equipped with exhaust-steam 
injectors, you will get much better results than with one or two 
engines so equipped. 


* Chief Mechanical Engineer, Atchison, Topeka & Santa Fe 
Railway System, Chicago, III. 
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From a railroad viewpoint, I would like to see more data de- 
veloped as to results with this type of equipment, because it is 
something in which we are distinctly interested. 


AUTHOR’s CLOSURE 


Mr. McBride has made a very interesting contribution to the 
discussion. At the outset, I wish to state that in presenting 
this paper I had not in mind a direct comparison between the 
characteristics of exhaust-steam injectors and pump-feedwater 
heaters. Due to the great fascination which the physical prin- 
ciple of entrainment of water by condensing steam has per- 
sonally for me, and due to the fact that I found a great deal of 
uncertainty and lack of appreciation of the value of this phenome- 
non among the users of locomotive feedwater-heating devices, 
I had set for my task to present a study of the possibilities and 
limitations of injectors, and particularly exhaust-steam injectors 
as feedwater-heating devices. 

As Mr. Ripley correctly pointed out, the overall economy of a 
feedwater-heating device is of the greatest interest to the rail- 
roads, and inasmuch as the application of the injector principle 
to feedwater heating is apt to produce a relatively light and in- 
expensive contrivance, it may become of greater interest, even 
notwithstanding the shortcomings of present exhaust-steam 
injectors, which Mr. McBride largely dwelt upon. As a matter 
of fact, I am looking forward to considerable further develop- 
ment of the injector principle for purposes of locomotive feed- 
water heating, and the impelling motive for it will be the con- 
sideration of the overall economy that Mr. Ripley discussed. 
It is undoubtedly true that, as Mr. McBride stated in considerable 
detail, a compromise has, with the present exhaust-steam in- 
jector, to be struck between its capability of serving as a feed- 
water-heating device and between its capability of serving as a 
pump. This condition is of course due, in the last analysis, to 
the fact that over a range of water feed, a varying quantity of 
water is mixed with a quantity of steam that does not vary in 
the same proportion as the quantity of water. Much of what I 
stated was supposed to elucidate this condition of affairs, and the 
curves shown in Figs. 11 to 18, inclusive, were calculated to show 
what water and fuel savings can be expected with the existing 
limitations. They distinctly show that both the water and fuel 
savings vary, depending upon the operating conditions of the 
locomotive. My paper fully concedes, I believe, Mr. McBride's 
contention that the feedwater-heating capacity of an exhaust- 
steam injector is not, for the entire working range, equal to pro- 
ducing the maximum feedwater-heating effect which is physically 
possible because of a given difference between the temperature 
of the feedwater and the steam. At the same time, I claim that 
these curves should be interpreted with an appreciation of the 
fact that on any locomotive relatively higher exhaust-steam 
pressures are available when relatively much water has to be 
pumped, and vice versa. For best economy a locomotive boiler 
should be so pumped that the quantity of water is replaced as it is 
evaporated. Best practice then calls for varying the amount of 
water pumped in some proportion to the amount evaporated, 
and therewith to the amount of exhaust-steam pressure available. 
I pointed out that the tendency of the curves denoting the water 
and fuel saving, as well as the tendency of the curves denoting the 
quantity of water pumped (see Fig. 10), to rise with increasing 
back pressures, were in themselves encouraging in a locomotive 
feedwater-heating device, and I further question whether it 
were not a blessing in disguise if the firemen, in feeding the boiler 
with an exhaust-steam injector, were forced to adjust the water 
quantity as the back pressure rises with an increase in the sus- 
tained load. Mr. McBride will perhaps concede that the facility 
with which the fireman can regulate the water pump, regardless 
of the load condition, would be very preferable from a feedwater- 
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heating point of view if he took the trouble to conscientiously 
adjust the feed to the load as it varies. On a railroad with uni- 
form load conditions over the division, this point is not important. 
Neither is an exhaust-steam injector liable to create dissatisfaction 
because of restricted range of feed on such a railroad, providing 
of course one of proper size is selected. On the railroad, however, 
on which load conditions greatly vary over the division, intrinsic 
superiority of a pump-feedwater heater can, as a fuel saver, be 
only realized if the fireman uses the flexibility of the pump for 
adjusting his water supply in relation to the steam demand. 
If he is not so disposed, and that will happen frequently, there 
will be periods during which the water is not sufficiently pre- 
heated, and these periods are responsible for the fact that the 
maximum possible saving with pump-feedwater heaters is not 
always reached in practice. 

The temperature of the exhaust steam that is available for 
feedwater heating must be, at all times during which the engine 
is working, 212 deg. or above, and one might therefore assume 
that the water pumped into the boiler through a pump-feedwater 
heater of adequate size would always be preheated to nearly that 
figure, under any load conditions. My observation has been 
that this result is, however, not being attained in practice, either 
with so-called open or injection heaters nor with closed heaters, 
provided both are arranged as induction-type heaters. The 
failure to obtain the ideal performance under all load conditions 
seems to be due to the fact that the heaters will not induce the 
necessary steam flow with the same facility under all conditions 
of back pressure, and also that they do not free themselves of air 
sufficiently under all conditions of operation. The result is that 
even pump heaters, when overpumped with relatively low back 


pressures, will produce temperatures smaller than the maximum 
possible temperatures. The facts are that pump heaters have 
been found to produce fuel and water savings, on divisions on 
which the locomotive is worked with a well-sustained capacity, 
considerably in excess of the ones that have been obtained on 
divisions on which the locomotive load is variable. Test data 
have become known to me in accordance with which the fuel 
savings of both open and closed heaters were well within the range 
of savings indicated for the exhaust-steam injector in Figs. 11 
to 18, inclusive; and further, road tests carried out with ex- 
haust-steam injectors, under similar conditions, have confirmed 
me in my opinion that my statement, made in the paper, to the 
effect that properly designed exhaust-steam injectors are worthy 
competitors of other known means of preheating the feedwater 
on locomotives, is not exaggerated. 

Mr. McBride is correct in pointing out that my curves and 
tables, and the impressions that they create as to the possibility 
of fuel and water saving, require modification for higher boiler 
pressures. I am sorry that I never had any opportunity to 
obtain, and therefore cannot adduce, any enlightening figures 
about the fuel saving that is possible with higher boiler pressures. 
My impression is that the application of exhaust-steam injectors 
of the Elesco pattern would, from a feedwater-heating point of 
view, be justified up to boiler pressures of about 220 Ib. on rail- 
roads that have relatively warm feedwater, and up to about 
250 Ib. on railroads that have relatively cold feedwater. Above 
those boiler pressures, the amount of live steam which has to be 
used with the present design of exhaust-steam injector would 
become great enough to seriously interfere with the feedwater- 
heating capacity of the device. 
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Tue First Scumipt Hicu-Pressure LocoMotive 


The Schmidt High-Pressure Locomotive of 
the German State Railway Company 


Details and Road-Test Data of a Locomotive Having a Boiler Which Generates Steam at Two 
Pressures, 850 Lb. and 205 Lb., Using the 850-Lb. in a Center Cylinder, and Its Exhaust, 
Mixed With the 205-Lb. Steam, in Two Outside Cylinders 


By R. P. WAGNER,' BERLIN, GERMANY 


HOUGH it is by no means an easy task to deal with a 
[ nsbien the development of which is not completed, the 

author will nevertheless venture to give a somewhat con- 
densed outline of the present state of development and the latest 
test results of the Schmidt high-pressure locomotive in service 
on the German State Railway Company. 

Although this locomotive has been mentioned in engineering 
publications at various times, it nevertheless seems best to pref- 
ace the description of its present status with an account of 
the Schmidt process of generating and utilizing high-pressure 
steam. 

This is all the more desirable in that it discloses the ingenious 
way in which the late Dr. Schmidt and his successors evolved a 
steam-generating method which allowed the use of very high 
pressures without either calling for unattainable qualities of 
material or increasing the weight of the boiler to such an extent 
as to make it useless for locomotive purposes. It would have 
been an easier task had he been contented with two-thirds of the 
possible gain and set the limit at 600 lb. boiler pressure, as the 
general features of the present locomotive boiler could then have 
been maintained. Overstepping this limit means the necessity 


' Superintendent, Locomotive Department, Deutsche Reichs- 
bahn-Gesellschaft. Mem. A.S.M.E. 

Contributed by the Railroad Division and presented at the An- 
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for developing a novel type of boiler, yet it opens the way not 
only to higher economy, but also to higher efficiency per pound 
of weight. 


Tue Scumipt Inpirect STEAM-GENERATING METHOD 


The high evaporation temperatures at high pressures (525 
deg. fahr. at 850 lb. and 588 deg. at 1500 Ib.) made it advisable 
not to expose the most sensitive part of the boiler, the drum, to 
direct radiation, where its walls might become heated above the 
evaporation temperature. This Dr. Schmidt accomplished by 
introducing his system of indirect heating, Fig. 1. A tube 
system a is exposed to hot combustion gases or preferably to 
radiant heat. This system is filled with distilled water, and the 
steam generated therein rises into the cooling coil B in the high- 
pressure boiler A. In this coil the steam is condensed, trans- 
ferring its heat to the water of the boiler, and the condensate 
flows to the bottom of the system through downcomers not 
exposed to the heat. The system is self-contained and the 
quantity of water in it never varies except in case of leakage. 
When the boiler water reaches the boiling point and further 
heat is transmitted to it, naturally steam is generated and 
pressure is developed. As the heating system is continuously 
receiving heat from the furnace and is entirely enclosed, the 
pressure in it rises higher than that in the boiler, and the 
difference between the two pressures is such as to provide for a 
sufficient drop in temperature between the cooling coil and the 
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boiler water. Thus a certain pressure in the heating system 
(about 1360 lb.) is coordinated with a boiler pressure of 850 lb. 
for a given area of coil surface and a given quantity of heat 
transferred. No safety valve is necessary in the heating system, 
because if more heat is absorbed by it than intended, the pressure 
rises slightly above 1360 lb. and consequently the temperature 
increases, the result being that more steam is generated in the 
boiler, which is either consumed in the cylinders or blown off 
through the boiler safety valve. 


APPLICATION TO LOcOMOYIVE FrrEBOXx 


This steam-generating system, which owing to its simplicity is 
less subject to failure than most other circulating systems lends 
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ScuHeME oF INprREcT HeatinG System 


Fie. 1 


itself very advantageously to the design of a locomotive firebox. 
Referring to Fig. 2, the heating system forms the walls of a 
water-tube firebox; the tubes rise vertically from water chambers 
at the bottom up to the level of the crown sheet. There half of 
them discharge the rising mixture of water and steam into collect- 
ing chambers parallel to the boiler, while the others are bent 
horizontally, and discharge into the collecting chambers on the 
opposite side. Firebrick are laid over this archwork to prevent 
radiant heat and combustion gases from reaching the boiler 
drum, which is arranged longitudinally above the firebox. In 
the collecting chambers the steam is separated from the entrained 
water, and from their upper part tubes lead to the coils inside the 
boiler. The tubes carrying the condensate back to the water 
chambers at the bottom are so arranged as not to be exposed to 
radiation and gas circulation. 

This system has proved itself to be a thoroughly reliable one 
for heating a high-pressure boiler, but it should be borne in mind 
that it is a far cry from a heating system to a locomotive ready 
for service. 

A high-pressure boiler in the present state of development 
must be designed as a long, narrow drum which will not permit 
of the usual amount of scale accumulating in it. No one on the 
designing staff, however, cared to incur the troubles of conden- 
sation merely for the sake of feeding clean water into the boiler, 
and to clean a long drum by blowing off only seemed hopeless. 
So, on the advice of the Schmidt Superheater Company to the 
author’s department the locomotive was provided with a tubu- 
lar low-pressure boiler, into which the feedwater is first pumped. 
This boiler is of the ordinary tubular type and carries 199 lb. 
pressure. In it the feedwater is heated far enough above the 
temperature at which scale is precipitated to insure practically 
complete precipitation. From this boiler the feedwater is 
pumped over into the high-pressure boiler, carrying with it only 
a small percentage of suspended matter which forms a harmless 
mud that can be easily removed from the coils by blowing off. 

Cleaning the feedwater, though, is not the only advantage of 
the tubular boiler. Instead of a throat sheet its rear end is a 
circular tube plate, and the combustion gases are sent through a 
system of flues like those of an ordinary locomotive boiler into 
the frontend. Their heat is partly used for raising steam at 205 
Ib. pressure, and partly for superheating both the high-pressure 
and low-pressure steam. A pressure of 850 Ib. necessitates the 


use of a compound engine and resuperheating of the receiver 
steam; on the other hand, a receiver superheater would ac- 
cumulate more or less lubricating oil entrained from the high- 
pressure cylinders and clog up with oil coke. For this reason the 
low-pressure boiler has been designed so as to produce about 40 
per cent of the total steam generated. A small portion of this 
steam is used for the auxiliaries, which it seemed wise to run on 
low pressure. The major part, however, is highly superheated 
and mixed with the fairly well saturated exhaust from the high- 
pressure engine, thus resuperheating it without sending it through 
a superheater. 

It was along these lines that the final design of the locomotive 
was built in the shops of Messrs. Henschel & Sohn, Cassel, Ger- 
many. For testing the system it seemed sufficient to put a test 
boiler upon an existing locomotive. One of the older types of 
the German State Railway Company, a 4-6-0 high-speed passen- 
ger locomotive, seemed especially suitable, as it carried three 
cylinders and could be easily compounded by converting one of 
them into a high-pressure cylinder. As two-thirds of all the 
steam is generated at high pressure and roughly half of the 
steam energy is utilized in the high-pressure part of a compound 


d d 


rk 


Fic. 2 Dracram SHow1nG ARRANGEMENT OF Scumipt HiGu- 


PRESSURE LOCOMOTIVE FIREBOX 
(a, steam-generating tubes; 6, downmcomers; c, upper collecting cham- 
bers; d, bottom-water chambers; ¢, furnace; f, 850-Ib. boiler drum; 
heating units.) 
engine, one-third of the entire work should be performed by the 
high-pressure cylinder. For this reason a three-cylinder loco- 
motive was chosen for conversion. 


GENERAL DESCRIPTION OF LOCOMOTIVE 
The general data of this locomotive are as follows: 


Engine 
Cylinder diameters: 
High-pressure...... 


Low-pressure (2 cylinders).............. 195/s in 
Cylinder-volume ratio (1 |.p. cyl., 2 é¢yls.). 1:6.5 
79 in. 
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Diameter of truck wheels. . . 
Rigid wheelbase 
Total wheelbase........ 


High-Pressure Boiler 
Steam pressure (exact)................... 
Diameter of firebox tubes (internal and ex- 
Heating surface of firebox (external)........ 
Diameter of evaporating coils in boiler (in- 
ternal and external).......... 
Heating surface of coils (external) 
Length of boiler............. 
Diameter of boiler (internal)... .. 
Water content at lowest level.............. 
Height of low-water level above center line.. 
Number of hp. superheater units... 
Hp. superheater heating surface... . 


660 6604 
Bila 


bow on 


f 


397/16 in. 
15 ft. 5 in. 
30 ft. 


853 .5 Ib. per sq. in. 


15/s in., 2 in. 
217.8 sq. ft. 


11/4, in., 11/2 in. 
426.3 sq. ft. 
16 ft. 11 in. 
3 ft. 
62.5 cu. ft. 
4 in. 
30 
430.6 sq. ft. 
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Figs. 3 to 5, inclusive, show the general outline and appearance 
of the finished locomotive. From these it is seen that the space 
occupied by the high-pressure part of the boiler is practically iden- 
tical with that of the firebox of any locomotive of the usual de- 
sign. As the performance and qualitative value of the heating 
system when applied to intense radiation were not fully known 
at the time when this locomotive was planned, it seemed wise 
to subdivide the heating system. By doing so the quantity of 
steam and water set free by an explosion or leakage would be 
reduced to a fraction of the total water content. Consequently 
the heating system was subdivided into six parts, which are 
clearly visible in Fig. 3. This meant also subdividing the collect- 
ing chambers and coils. 

The bottom chambers are arranged all around the grate in 


Fies. 4 anp 5 Verticat Cross-Sections or Scumipt HicH-Pressure Locomotive 


Low-Pressure Boiler 


Diameter of tubes (internal and external)... 
Heating surface (internal)................. 
Water content at lowest level.............. 
Number of l.p. superheater units........... 
Diameter of l.p. superheater tubes (internal 

L.p. superheater surface................... 


Weight of locomotive empty................. 
Weight of locomotive in service 
Weight on drivers..... 


199 lb. per sq. in. 
5 ft. 7 in. 
13 ft. 9 in. 
116 
3 in., 31/4 in. 
1265 sq. ft. 
127.1 cu. ft. 
56 


23/32 in., °/¢ in. 
426.3 sq. ft. 


9 ft. 1 in. 
2 ft. 111/, in. 
26.5 sq. ft. 
146.4 sq. ft. 
190,000 Ib. 
204,000 Ib. 
133.900 Ib. 


place of a mud ring, the sections being clamped to each other 
so as to form a rigid frame structure. Each chamber consists 
of a steel block forged and bored hollow. 

From these chambers the heating tubes extend upward, form- 
ing the four walls of the firebox; the front-wall tubes are bent 
forward so as to form a combustion chamber. The tubes are 
fastened in the chambers by rolling. Welding is not employed, 
as the joints are subject to bending stresses. 

The two upper collecting chambers are 11 in. in diameter and 
at the bottom enter alternately the heating tubes of their own 
and of the opposite side; it is here where each individual system 
is filled with water at the beginning. A bull’s-eye water gage 
indicates the water level when the boiler is cold. 

The high-pressure boiler consists of a 3 per cent nickel-steel 
drum forged over a steel mandrel. By choosing this heat- 
resisting though soft material it was found possible to keep the 
thickness of the walls down to 11!%/;. in. A drum of this 
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kind is first forged in the form of a thick-walled tube; it is then 
roughly machined inside and out, and if no fissures or segre- 
gations are found, both ends are shaped in another heat. After 
that it is machined to size. On the outside the heads of the drum 
are turned on the outside on a lathe, but the tubular part is 
machined lengthwise on a shaper because of its departure from a 
circular contour due to reinforcement at tube connections. All 
connections of the heating system are arranged on the outer side of 
the drum so that joint leakage will not empty one of the systems 
into the drum. 

The front-end manhole is just large enough to permit machin- 
ing the drum inside; the rear one 
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To obtain an absolutely rigid connection between high-pressure 
and low-pressure boilers the center line of the former was raised 
as far as possible, and the shell of the latter was dished inward 
for a distance of 5 ft. from the rear end. The narrow radii on 
both sides of the inward bulging are heavily reinforced and 
their tops machined into horizontal faces extending 3 ft. length- 
wise. This part of the low-pressure boiler is reinforced against 
the inside pressure by a longitudinal row of vertical staybolts 
and by scythe-shaped plates across the top of the boiler. _ 
Determining the heating surface of the low-pressure boiler 
was another point of interest. If the steam-distribution gear of 


is made as large as possible; and 
here the coils are inserted, and the | ce | oa 
boiler inspected and cleaned. t 
One of the chief aims in designing 
was to retain the boiler as the back- l bd we ve | 
bone of the locomotive, i.e., to re- High Pressure Walve ] 
tain the rigidity of the ordinary hest | | 
nection has been attained between ‘“< | | 
the front end of the drum and the = r ee 
low-pressure boiler placed ahead. ¢ a 
heavy upper collecting chambers § 
are supported by a number or & | 
rigid structural frames extending & igh Fre fihaus} as + 
down to the locomotive frame; 
these structures are connected with 
each other by cross-ties, and the 
structure, as a whole, slides on the 
frame. 
The structural frame supporting 
the high-pressure boiler makes it 400 we 900 4200 1900 S00 1600 
easy to provide an airtight sheet- Metric 0.8. 4.P 
metal casing for the firebox. The Fic. 7 Mean Steam TemMPeRATURE AT 50 M.p.H. 
tubes of the heating system are 
. e the high-pressure and low-pressure cylinders was to be 
a | | fixed at a definite ratio of cut-off (which seemed more 
2 | desirable than two independent cut-offs), the relative 
S 3} — — - 
= | 2 quantity of steam taken from the low-pressure boiler was 
« “onsump, thon = + bound to vary to a certain extent, at various cut-offs; 
= $ 2 on consequently for a given cylinder ratio the capacity 
Ea } of the low-pressure boiler was so determined as neither 
2 = 4 to drop too low at a long cut-off (which would mean a 
s useless pressure drop of the exhaust of the high-pressure 
cylinder), nor to rise beyond the pressure the safety 
400 500 600 700 800 900 {000 1100 1200 1300 ‘1400 valves were set for, as in this case they would not only 
Drawbar H.P blow off the surplus steam raised at 199 lb. but also part 
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loosely suspended in the frame so as to permit free vertical 
expansion, and are prevented from swinging horizontally by 
guides. 

The plate frame of the locomotive, though considered an ob- 
solete design, was retained so as to make the rebuilding as inex- 
pensive as possible. 

It was found easier to develop a sufficiently solid connection 
between the high-pressure system and the locomotive frame than 
between the high-pressure and low-pressure boilers, both being 
tubular. Since the low-pressure boiler was to be fitted into 
an existing locomotive it had to retain some features of the 
former though obsolete design, e.g., the original diameter and 
the L-iron connection between the front sheet and tube plate. 
The throat sheet was replaced by an ordinary tube plate. 


of the exhaust high-pressure steam. 

Calculation pointed to a heating surface of around 
1200 to 1300 sq. ft. (exposed to combustion gases), and one of 
1265 sq. ft. was obtained by choosing for the boiler the type E 
superheater and putting into it 116 tubes of 3 in. inside diameter. 

All of the feedwater enters the steam space of the low-pressure 
boiler close to the top of the forward steam dome, and is sprayed 
on loosely piled-up grates made from V-sections which form 
small troughs. In trickling down from layer to layer the water 
is quickly heated to a temperature above that at which scale is 
precipitated. The greater part of the scale is thus deposited 
upon these racks, and the remainder washed down with the water, 
remains in suspension as an innocuous mud which slowly settles 
down on tubes and boiler plates but never forms a hard, adherent 
scale. This scale-precipitating device has nothing to do with 
the design of the high-pressure locomotive; it is part of the stand- 
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ard practice of the German State Railway Company, and is put 
into every new locomotive fitted with a feedwater heater. In 
this case it is doubly useful as it insures fairly clean feedwater for 
the high-pressure boiler. 

The high-pressure superheater occupies 60 tubes of the lower 
half of the boiler. The live steam enters a cast-steel chamber 
on the left-hand side of the smokebox. From this chamber 
30 units or elements, each inserted into two tubes, lead hori- 
zontally across the front end to the collecting chamber placed 
on the right-hand side. This chamber admits the steam directly 
into the valve chamber of the high-pressure cylinder. 

The low-pressure superheater, which is also of the type E, 
occupies the upper 56 tubes of the boiler. All units have a single 
return bend only, so 56 units in 14 groups are connected with 
both the saturated and the superheated chambers of a regulation 
header arranged above the superheater. From this header each 
of two steam pipes lead, inside the front end, to a mixing chamber, 
in which high-pressure exhaust and low-pressure live steam are 
mixed (the former being thus resuperheated), and then on fur- 
ther to both outside cylinders. 


MISCELLANEOUS FEATURES OF DESIGN 


An important part of the design of the locomotive was the task 
of developing the feed pumps and 
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heat, namely, the blow-off device, by means of which surplus 
steam is blown from the high-pressure boiler into the water 
of the low-pressure boiler. There the steam is condensed and its 
heat saved. It is remarkable how quickly the engine crews 
became familiar with handling this blow-off, and how ready 
they are to use it. 

A serious problem at first was the developing of a satisfactory 
water gage. It soon became obvious that for direct connection 
with the high-pressure boiler, nothing but a bull’s-eye gage would 
do, so one of this kind was developed. Even then great care had 
to be taken not to expose the individual glasses to any uneven 
pressure due to the heat expansion of the enclosing material. 
As it is, some experience is required to read the gage correctly, 
especially at night time, and for this reason in addition to two 
bull’s-eye gages a third gage is provided, which is placed on a 
lower level and connected with the boiler by water-filled pipes. 
As this gage remains comparatively cold a cylindrical glass is 
employed, this glass being filled with fluid of a chloridic nature 
which does not mix with water and is colored a bright red. 

The only remaining accessory of the high-pressure boiler is the 
throttle, which according to German standard practice is placed 
between boiler and superheater; this has been developed by 
Messrs. F. Wagner & Co. and incorporates the same idea of 


other boiler accessories for such 
a pressure. The low-pressure 
boiler is chiefly fed by means of a 
piston pump and a closed feed- 
water heater, both supplied by 
the Knorr Company and identi- 
cal with the standard equipment 
of the German State Railway 
Company; the second feed pump 
is a regulation injector. For 
pumping the water from the low- 
pressure boiler into the high-pres- 
sure part a piston pump seemed 
more desirable, as the small vol- 
ume of that part made accurate 
feeding imperative, so the Knorr = 
Company developed a_high- 
pressure feed pump on the same 
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lines as their standard pump, 
with two compound steam cyl- 
inders arrangedintandem. The 
cylinders were so dimensioned as 


— 


q 


i 


to have capacity to pump from 
atmospheric pressure against 850 
Ib., but so far it has not been 
necessary to put in an emergency 
feeding line from the tank. The usual procedure of taking the 
feedwater from a comparatively clean part of the low-pressure 
boiler and feeding it into the high-pressure boiler gave some 
trouble at first, as the water in the suction line, which was fully 
saturated with heat, would develop steam during the acceleration 
period of the pump piston and consequently cause heavy pound- 
ing. The suction line therefore had to be led unprotected a short 
distance, so that the water would cool off a few degrees and 
thus lose its readiness to evaporate. In regular service one feed 
pump only is required, but another one of the same type is 
installed for use in emergencies. 

Boiler check and safety valves have been developed on very 
much the same lines as those of the German standard locomotives, 
and it is believed that these parts, when properly dimensioned, 
will give very little trouble at high pressure. A novel device 
was introduced to relieve the safety valves and to save valuable 
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pneumatic coupling between main and auxiliary valves as that 
underlying their standard design which is put into all German 
State Railway locomotives. The only difference is that the 
valve seats are made of Krupp’s non-corrosive steel like the same 
firm’s throttles now under test in the Delaware & Hudson’s 
locomotives Horatio Allen and John B. Jervis. This throttle 
has from the very first given full satisfaction. 

As mentioned earlier, the high-pressure steam is first ex- 
panded down to 199 Ib. in one of the three cylinders. As all the 
cylinders of the locomotive are flanged against the plate frame. 
any one of them might have been converted into a high-pressure 
cylinder. However, since the inside-cylinder casting served as 
the front-end saddle, it afforded the best means of access for the 
high-pressure steam from the smokebox, and for this reason was 
the one converted. 

The new casting was made of a special cast iron of pearlitic 
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structure, and its general outlines were maintained except that 
the cylinder diameter was made 117/,.in. The stroke, naturally, 
on account of the existing crank axle, had to remain 24*/, in. 
The distribution gear remained untouched, so the valve chamber 
had to be placed rather far away from the cylinder. Its diameter 
is 4°/, in., an ample dimension for the small volume of highly 
compressed steam. 

The piston is a pressed-steel block containing 6 narrow packing 
rings. The piston-rod packing, which during the design period 
it was feared would present a vexatious problem, consisted of the 
cast-iron rings which had been standard practice in ordinary loco- 
motives for several years. The only difference was that six 
rings were put in instead of the usual three. When the loco- 
motive first pulled out every one was very nervous about the 
packing; on the third trip, however, we had forgotten that there 
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shown at that time (see Fig. 6), namely, the one that interests 
the locomotive man most, as it represents the coal consump- 
tion. It will be perceived that the fuel consumption ranged 
at all times between 2 and 3 lb. of coal per drawbar hp-hr., with 
a minimum of 2.25 lb. 

A great many more curves of these first tests could be presented, 
but to no avail, as from the very first it was clearly apparent 
that the full benefit of the high pressure could then not be ob- 
tained for some peculiar reason. As has been mentioned 
earlier, the firebox was of the long, narrow kind, with a grate 
9 ft. in length and scarcely 3 ft. wide. Naturally this design 
could not be altered owing to the position of the drivers. On the 
other hand, the heating elements of the firebox were subdivided 
into six sections so as to make a possible explosion harmless. 
Each individual heating system had an independent pressure 
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was such a thing as packing, and we have never been reminded of 
it since. 

The crosshead, inside main rod, and crank axle remained un- 
altered, just as did practically every other part of the locomotive 
which has not been mentioned; even the angle of 120 deg., at 
which the three cranks were set was retained. This peculiarity 
gives to the locomotive a somewhat limping exhaust, as two of 
the six exhausts during one revolution are dropped out. This 
irregular sequence is noticeable up to a speed of 7 or 8 miles 
per hour, but it has not been perceived to have any effect what- 
ever upon the draft at any speed. 


or Tests 


Such was the design and status of the Schmidt high-pressure 
locomotive when, after a number of preliminary runs, it under- 
went a series of road tests carried out by means of one of the 
very complete dynamometer cars of the German State Railway. 
This first series of tests was run in February and March, 1927, on 
the Magdeburg division, and covered a distance of 101 miles 
in most cases. Some of the results have been published in 
the Excerpt Minutes of Proceedings of the Meetings of the 
(British) Institution of Mechanical Engineers, London, Dec. 16, 
1927, and presumably are well known to most of those interested 
in locomotive development, as they were given in a discussion 
following the presentation by Mr. Lawford H. Fry of a paper 
dealing with the Baldwin locomotive No. 60,000. Therefore it 
will not be necessary to repeat more than one of the curves 
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gage in the cab, and it was found from the very first that each 
system developed a different pressure depending on its position 
with respect to the grate and the intensity of radiation to which it 
was subjected. Consequently the systems at the middle of the 
firebox length, which were closest to the bulk of the coal fired and 
which received heat from all parts of the grate, developed the 
highest pressure, whereas the corner sections showed insufficient 
heat absorption and pressure. This difference in pressure was 
such that soon the central elements arrived at their hydraulic 
test pressure, i.e., 1778 lb. Notwithstanding the high temper- 
ature drop the general heat transmission into the boiler proved 
insufficient to maintain 850 lb. pressure because of the failure 
of the corner elements. The center elements had too great a 
heat-absorbing surface for the surface of their recooling coils, 
while the corner elements had overmuch coil surface for their 
comparatively inactive absorbing surfaces. 

After the tests were completed and had proved that the danger 
of an explosion of the heating systems was no worse than in 
any other type of boiler, the locomotive was returned to the 
makers and they were advised to connect all heating systems 
with one another so as to equalize the action of the coils. This 
they did very excellently by replacing the subdivided lower 
and upper collecting chambers by one extending over the whole 
length of the firebox. The time in the shop was also utilized 
to extend both high-pressure and low-pressure superheater units 
closer to the firebox tube sheet, i.e., to 8 in. distance, as the 
superheat had been somewhat low. 
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A general inspection showed that the high-pressure boiler 
contained no solid scale at all. The only residue was a very 
thin layer of mud deposited upon the coils and the boiler shell. 
This mud is naturally entirely inactive and is washed off by 
the turbulent motion of the water. When dried it forms a thin 
film of dust which is blown off easily. This shows that the boiler- 
feeding process chosen by the Schmidt Company works to satis- 
faction, and that condensing operation need not be resorted to in 
a high-pressure locomotive provided the feedwater is purified 
first in a low-pressure boiler or feedwater heater. 

After completing the alterations mentioned and some minor 
repairs, the makers returned the locomotive to the Locomotive 
Testing Department of the State Railway Company, and another 
series of dynamometer tests was run during the months February 


can justly be proclaimed to be as efficient as that of any station- 
ary testing plant. 

This method of testing, which had formerly been brought up 
to a standard of high reliability, was exclusively used in finding 
the curves shown in Figs. 7-11, and which are taken from the 
latest test report. 

Fig. 7 shows the improvement in high-pressure superheat over 
the performance during the first series of tests, and further gives 
the absolute figures attained. It shows that at 1500 drawbar hp.., 
800 deg. fahr. is practically reached. This performance, con- 
sidering the air resistance at 50 m.p.h., represents 2000 boiler hp., 
the full capacity of the locomotive. In 1927, owing to the im- 
perfect heat transmission, not more than 1350 drawbar hp. was 
attained, and, as the curve shows, at a somewhat lower super- 

heat. Because of the higher superheat of 


I the live steam the exhaust temperature is 


Pound higher than before, and still considerably 
22 HP nous) —— above saturation temperature. This serves 
Rea => __ torelieve somewhat the low-pressure super- 
: —++——+—.—| _ heater which supplies the extra heat for 
Bs —— 1224, Fig. 8 shows the corresponding figures 
— 226 55555 for the low-pressure steam and the feed- 
: water. The temperature of the low-pres- 
40 sure live steam has risen considerably and 
reaches 730 deg., a temperature which still 
could be improved upon, as the low-pres- 
sure exhaust line shows. The temperature 
of the low-pressure steam taken in the valve 
chest shows that between 100 and 150 deg. 
‘500 600 700 B00 900 4000-4900 4200 4300 4500 400 are consumed for resuperheating the ex- 
Metric Drawbar HP panded high-pressure steam. This figure 
Fic. 10 Stream CONSUMPTION PER DrawBaR Hp-Hr. is still open to improvement, as the low- 
and March, 1928, most of them on the same + 
division as before. In these road tests the 
department introduced its new system of ? 
loading a test engine which allows of main- 1 
taining drawbar pull and speed even on +4927 
changing gradients. Instead of a traina § ———= a 
specially arranged locomotive is coupled to & . 
the rear end of the dynamometer car. The 
distribution gear of this locomotive (which 
is held under steam) is reversed fully, the 
exhaust nozzle is shut off to prevent suck- 
ing in gases from the front end, and another = . es 
port in the exhaust pipe is opened to let in Metric 
fresh air from outside. This air is com- Fic. 11 ConsumpTion PER Drawsar Hp-Hr. at 50 M.p.u. 


pressed in the cylinders and blown off at 

variable pressure through a hand-controlled valve. To pro- 
tect the cylinders from becoming heated beyond 850 deg. fahr. 
(a temperature reached very quickly by steadily compressing 
air) hot boiler water is squirted into the exhaust (or in this case, 
inlet) pipe. This water, which is ready for evaporation, rapidly 
absorbs the heat raised during the compressing process and 
holds the temperature down. 

The engineer of the brake locomotive adjusts his engine so as 
to maintain the test speed under all circumstances, whereas the 
locomotive under test maintains an even drawbar pull. Thus 
the weight of the imaginary train is adjusted in accordance with 
the varying grades. This method of testing gives results which 
permit of curves being made of an accuracy never before attained. 
In combination with a dynamometer car that allows indicating 
as well as the reading of drawbar pull, speed, work performed, 
of all temperatures (by automatic resistance thermometers) and 
of a continuous analysis of the combustion gases, this method 


pressure exhaust coincides for a considerable distance with satu- 
ration temperature, and probably includes minor condensation 
losses. The feedwater curve shows that probably the admission 
pipe for the exhaust steam is too small for full supply. 

Fig. 9 deals exclusively with the recent test series and shows 
the indicated tractive effort based upon numerous cards taken 
simultaneously with all other readings, and the drawbar pull 
as registered automatically. From these two the mechanical 
efficiency of the locomotive, ranging from 75 to 90 per cent, is 
obtained. Comparisons with later types of locomotives, espe- 
cially those equipped with a rigid bar frame, reveal the fact that 
the old-fashioned plate frame owing to its elastic deformation 
gives a somewhat higher motion resistance than a rigid-frame sys- 
tem. Ninety percent was not exceeded with the former, whereas 
93 to 95 per cent is by no means an unusual figure to obtain with 
the latter. 

Fig. 10 gives figures on the steam consumption per horse- 
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power-hour. The fact that these curves show a continuous de- 
crease proves that the cylinder volume of the locomotive is large 
compared to the boiler capacity; the lowest rate per indicated 
hp-hr. is 13'/; lb., and per drawbar hp-hr., 15'/, Ib. 

Fig. 11 gives the actual fuel consumption per drawbar hp-hr. 
at 50 m.p.h. The curves show that although in 1927 2'/, lb. 
per drawbar hp-hr. was not quite attained, the alterations 
made brought the consumption down to about 2'/; lb. The best 
feature, though, of the 1928 curve is that it is very flat, which 
means that this low consumption is maintained over a wide range 
of load. 

All these curves were taken at the constant speed of 50 m.p.h., 
as this speed seemed a good base for judging a passenger loco- 
motive; readings at higher and lower speeds were taken as well, 
and these showed substantial agreement from 62 down to 43 
m.p.h. Below 43 m.p.h., however, the steam and fuel consump- 
tions rise in proportion to the longer cut-off and the smaller rate 
of expansion. 

More tests will soon follow which should throw light on the 
working of every detail part of this engine; and for this reason 
the locomotive will remain attached to the Testing Department. 
Another locomotive, probably of this same type, will now be 
rebuilt incorporating some further improvements, and the main 
feature will be that the high-pressure portion will be further en- 
larged at the expense of the low-pressure system. Another loco- 
motive working at 1700 lb. according to the Loeffler principle 
is now under construction and expected to be delivered some 
time during the coming winter. 

The Schmidt high-pressure locomotive which has been de- 
scribed, will, however, always hold the distinction of being the 
first locomotive designed for such an unusual pressure. It has 
already proved that great fuel savings are possible in ordinary 
service by employing a locomotive which is just as safe as any or- 
dinary type, very little higher in first cost, and just as easily 
handled by a sensible locomotive engineer as any locomotive of 
recent design. 


Discussion 


A. I. Lirerz.?, The development of the steam locomotive 
represents a continuous struggle for power and efficiency. The 
first locomotives built by Stephenson previous to the “‘Rocket”’ 
(the so-called Killingworth locomotives) were developing from 
7 to 10 i.hp., and their total overall efficiency was about 0.4 per 
cent. Stephenson’s “Rocket” had an efficiency of approximately 
0.8 per cent. Very soon it was raised to 2 per cent in subsequent 
locomotives, and in 1868 road tests made on the Pennsylvania 
Railroad gave efficiencies of about 4 per cent. Tests with loco- 
motives made at the end of the last century showed efficiencies 
between 6 and 7.6 per cent, and at present the most modern loco- 
motives with pressures up to 350 lb. per square inch, with super- 
heaters and feedwater heaters, show efficiencies between 7.8 and 
8.5 per cent.? The Schmidt high-pressure locomotive is a new 
step in the direction of increasing the thermal efficiency of our 
present-day steam locomotive. 

In his paper the author presented a very interesting story of 
many years’ elaborate development, which finally resulted in 
raising the locomotive efficiency to 9.4 per cent. He showed us 
what difficulties had to be overcome in order to obtain this ad- 
ditional, less than 1 per cent, increase in economy. The boiler 
pressure had to be raised to 850 Ib. per square inch. The hun- 


? Consulting Engineer, American Locomotive Company, Schenec- 
tady, N. Y., and non-resident Professor of Locomotive Engineering 
of Purdue University, Lafayette, Ind. Mem. A.S.M.E. 

8 Railway Mechanical Engineer, July and August, 1928, pp. 
384-385 and 439-440. 
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dred-year-old Stephenson firebox had to be discarded; a new 
principle of indirect steam generation was evolved. A return to 
the almost abandoned compound engine with the introduction of 
two distinct boiler pressures and two superheaters was effected. 
This all was done because the 0.9 per cent increase in efficiency, 
small as it may be, actually represents a 10.6 per cent improve- 
ment over the best steam locomotive in existence, and possibly a 
20 to 30 per cent improvement over the average locomotive. 
Consequently, a potential saving of about 20,000,000 tons of 
coal, equivalent to $80,000,000 a year, is involved, if the rebuild- 
ing of only main-line steam locomotives on American roads, of 
the present Stephenson type, should be considered. Approxi- 
mately the same figures would represent the possible economy in 
fuel burned on all locomotives placed in serviceevery year during 20 
years of running, if they should be built of the high-pressure type. 

The Schmidt high-pressure locomotive is interesting not only 
from the point of view of economy, but more than that on account 
of the possibilities which it offers for a further increase of the 
power of the steam locomotive. In view of the economy, a cor- 
respondingly higher horsepower can be obtained from a boiler of 
a given size, and as the weight, and consequently the size of the 
boiler, of a locomotive is limited, an increase in efficiency means 
increase in power. The latter is what makes the question of high- 
pressure steam so important. 

Several high-pressure locomotives have been lately brought for- 
ward. The Schmidt locomotive was the first to employ a pres- 
sure of 850 lb. per square inch. A second locomotive carrying an 
identical pressure followed early this year; it was built by the 
Swiss Locomotive Works, of Winterthur, Switzerland,‘ and a 
third with a Loeffler boiler of 1700 lb. pressure is now being built 
by the Schwartzkopff Company in Berlin, Germany.’ The 
Schmidt locomotive differs from the two other designs in that it 
has the independent low-pressure action; while it is true that 
this reduces the economy owing to the fact that only a portion of 
the steam (about 60 per cent) is expanded from high pressure, on 
the other hand it has practical advantages for railroad service. 
The addition of low-pressure steam insures stability in division 
of power between cylinders, it facilitates the starting of the loco- 
motive, and the low-pressure boiler provides a certain amount of 
energy stored in the water. The two-pressure feature also in- 
creases the boiler efficiency by cooling the exhaust gases to a lower 
temperature than in the case of a one-pressure high-pressured 
locomotive, unless the latter is equipped with an exhaust-gas 
economizer or an air preheater. It is true that it requires a 
compound engine, but this would be needed for any high-pressure 
locomotive with direct connection to the wheels, since for high 
economy a large ratio of expansion is necessary, and with simple 
expansion cylinders, the piston thrust directly acting on pins 
would be enormous—this in view of the large size of cylinders 
resulting from the comparatively low mean effective pressure. 
In order to decrease the direct piston thrust a smaller high-speed 
steam engine is needed and a gear reduction to the driving wheels 
must be introduced; this was actually done in the Swiss high- 
pressure locomotive, where a three-cylinder simple-expansion 
uniflow engine revolving at 700 r.p.m. has been employed. 

The Loeffler boiler also carries two pressures, but the low-pres- 
sure steam (213 lb. per square inch) is generated by condensing 
the exhaust from the high-pressure cylinders in a surface heat 
exchanger, mostly in order to obtain a closed high-pressure system 
and thus eliminate scale formation in the high-pressure boiler. 
The Loeffler locomotive cycle amounts, therefore, to a two-stage 
expansion of the whole quantity of high-pressure steam. 


‘ Organ fiir die Fortschritte des Eisenbahnwesens, August 1, 1928, 
281. 
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5 Zeitschrift des Vereines deutscher Ingenieure, October 20, 1928, 
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It is to be regretted that the author has not been able to give us 
in his paper complete data of the tests made with the Schmidt 
locomotive. In an article published by the author in the October 
27, 1928, issue of Zeitschrift des Vereines deutscher Ingenieure, it 
is stated that the data will soon become available through a sepa- 
rate publication. Previous to that some results of the tests made 
in 1927 were published in the January 20, 1928, issue of The 
Engineer. From the latter data it appears that a minimum coal 
consumption of 2.25 Ib. per drawbar horsepower-hour was ob- 
tained and that Silesian coal with a calorific value of 12,760 B.t.u. 
per lb. was used. This corresponds to an overall thermal effi- 
ciency (from the coal to the tender drawbar on a level) of 8.9 per 
cent. In his paper the author states that tests made early this 
year, after several alterations were made, gave a smaller con- 
sumption of about 2'/, lb. per drawbar horsepower-hour. It is 
not known, however, whether the heat value of the coal was the 
same, and further information will be required before the present 
thermal efficiency of the locomotive can be computed. If the 
coal was the same, the overall efficiency amounted to 9.4 per 
cent, which is, as stated, 0.9 per cent higher than that of any 
other steam locomotive. 

Another remark in connection with the paper would be regard- 
ing the statement in reference to Fig. 10, that the continuous de- 
crease of the steam-consumption curve proves that the cylinder 
volume of the locomotive is large compared to the boiler capacity. 
The cylinder volume ratio is 6.5, which, in view of the additional 
low-pressure steam admitted into the large cylinders, actually 
reduces the cylinder volume ratio for the pure compound action 
of the high-pressure steam to about 4. It is hardly possible that 
this should prove to be too large for 850-lb. pressure steam, and, 
if anything, it is too small. The drop of the steam-consumption 
curves in relation to horsepower on Fig. 10 can probably be ex- 
plained by the continuous increase in superheat, from 635 deg. 
fahr. to 820 deg. fahr., as can be seen on Fig. 8. While the Rank- 
ine efficiency for 850-lb. gage admission pressure at these two 
superheats and 6 lb. gage back pressure varies only by 6.6 per 
cent, the steam consumption shows an improvement of 13 per 
cent for the case of the higher superheat, due to the high heat 
content per pound of steam. This might have been reflected 
in Fig. 10 by a continuous decrease in steam consumption. 

In connection with this it would be well to bear in mind that 
superheat is as important as high pressure, and probably more, 
and that care must be taken in high-pressure locomotives to keep 
the superheat as constant as possible, because a wide variation 
in superheat may considerably reduce the economy of high-pres- 
sure. This question is partly connected with the indirect steam 
generation method, because the high-pressure boiler in view of its 
limited water storage energy and the variation in pressure in the 
closed generating system is likely to give great fluctuations in the 
boiler pressure and, consequently, in the ultimate temperature 
of superheated steam. From data already published in the 
London Engineer,’ it can be concluded that the pressure in the 
high-pressure boiler (the average for each test), at constant speed 
of about 50 m.p.h., varied with the horsepower from 681 and 
799 lb. per square inch. The variation during a trip may have 
been even greater. The law of dropping of pressure with the in- 
crease in load was fairly well established during these tests, 
whereas the average boiler pressure in the fire-tube boiler was 
fairly constant, between 150 and 157 lb. per square inch. This 
would tend to prove the long-established truth that a boiler with 
large stored energy is essential for locomotives in view of the 
variation in load, at least for locomotives with coal firing, and it 


6 The article also contains a more complete description of the 
Schmidt locomotive and its parts, and is to be recommended to all 
who wish to become more familiar with the details of the design. 

7 January 20, 1928, p. 80. 


seems that the water-tube high-pressure boiler without the feature 
of large stored energy may give rise to wide variation in pressure, 
resulting in decrease in economy. The writer is not certain that 
the division of the closed heating system into six separate cham- 
bers had very much to do with this wide fluctuation in steam pres- 
sure, and it would be of great interest to know whether the tests 
of 1928, after the separation was eliminated, confirmed the varia- 
tion in boiler pressure and its dependence upon the load. 

Of very great value is, of course, the indirect evaporation 
feature of the Schmidt boiler from the point of view of scale elimi- 
nation in the water tubes, and also the author’s remarks as to the 
nature of the muddy scale which accumulates in the high-pressure 
drum and can easily be blown off. I was very much interested in 
another remark by the author, made in the before-mentioned 
German article, that as the heating system is closed any other 
liquid can be used. This question may be of great importance 
and is worth studying. 

The mechanical efficiency of the Schmidt locomotive is really 
remarkable. At speeds of about 50 m.p.h. the efficiency ranged 
between 75 and 90 per cent, depending upon the output of the 
locomotive. The writer does not see why the author thinks that 
the mechanical efficiency can be raised to 95 per cent, as at least 
5 per cent is absorbed by the air resistance at a speed of 50 m.p.h., 
and it can hardly be expected that the loss from the cylinders to 
the drawbar of the tender would amount to less than 5 per cent. 

Some doubt is aroused by Fig. 10, which shows a higher steam 
consumption per horsepower, up to 1100 horsepower, from tests 
made in 1928 than in 1927; the coal consumption figures do not 
seem to be in agreement with this, unless the boiler efficiency has 
materially improved at the same time. It would be of interest 
to know whether this is correct and whether the elimination of 
six separate chambers in the closed heating system could have 
effected this result. 

In conclusion the writer would call attention to a small typo- 
graphical error in the low-boiler-pressure figure given as 205 lb. 
per square inch, since, according to Mr. Wagner’s article in 
Zeitschrift des Vereines deutscher Ingenieure, it is 14 metric at- 
mospheres, or 199 Ib. per square inch. The high-pressure boiler 
carries a pressure of 60 metric atmospheres, and its pressure is 
correctly given in the paper as 853 lb. per square inch. 


Max Tourz.* The author has given an excellent paper, 
thorough on the details of construction, as well as of the tests 
carried on. There is no question that the efficiency has been 
raised by the increased pressure of the steam, but before passing 
on the merits of this design, it would be natural to compare it with 
other designs of locomotives developed in a similar direction, some 
of which have been tested on the road, while others are yet under 
construction. But before going into details, the writer wishes to 
go back some 20 years and unearth some history which to some 
of you will be new. 

In 1906 a paper on “Electrification of Steam Railroads,” 
written by two eminent electrical engineers, was read at the 
New York Railroad Club, in which the authors stated that, if the 
railroads in this country were electrified, the saving in operating 
cost would be about 300 million dollars per year. This matter 
was well advertised throughout the land by the newspapers, so 
much so that some of the railroad people became excited, and 
it was up to the mechanical men of the railroads to prove this 
statement as too optimistic. It so happened that the writer had 
just previously taken the single stand in one of the meetings of 
that club as to the economical features of highly superheated 
steam. Everybody advocated a superheat not to exceed 100 deg. 
fahr. above the temperature of the steam, while high superheat 
meant a final temperature of from 750 to 800 deg. fahr. Being 

8 Toltz, King and Don, St. Paul, Minnesota. Mem. A.S.M.E. 


connected with James J. Hill’s railroad system, the writer had 
equipped nine locomotives, three each of the Great Northern, 
the Northern Pacific, and the Burlington roads, with the first 
fire-tube Schmidt superheaters, but no results were had at that 
time. After a year’s operation, these locomotives showed a 
saving of coal from 23 to 26 per cent and a saving of water of from 
28 to 33 per cent over saturated-steam locomotives of the same 
type. Today over 55,000 Iccomotives in the country are 
equipped with superheaters. The writer also had reports of 
three of the Western railroads on electrification and was familiar 
with the systems of the New York Central and the New Haven 
railroads, as well as the ones in operation in Europe. For this 
reason the officers of the New York Railroad Club requested the 
writer to stand up for the mechanical forces of the railroads. 
In 1907 he read a paper before that club entitled, “Steam Loco- 
motives Versus Electric Locomotives.”’ 

The writer stated that the locomotive could be improved by 
the application of high superheat, higher pressures (180 lb. was 
the highest in use at that time), water-tube boilers, stokers, feed- 
water heaters, and air preheaters for combustion. He pointed 
out that with all these improvements over one-half billion dollars 
could be saved in operating expenses annually if all locomotives 
were so equipped. In the discussion an engineer of one of the 
prominent electrical companies made this statement, ‘“‘ The har- 
poon is in the neck of the steam locomotive.” (This was 20 
years ago, but I have not as yet been able to see the harpoon.) 
Most of the outlined improvements have been adopted, but dur- 
ing the war period and the subsequent reconstruction years 
nothing further was done until in 1924 the Delaware & Hudson 
Railroad placed in freight service a locomotive with a working 
pressure of 350 lb., a special water-tube firebox and boiler design 
and ¢ross-compound cylinders. Owing to its success mechani- 
cally and economically, this railroad built in 1927 another locomo- 
tive with a working pressure of 400 lb. These locomotives did 
fine work. 

But after the war, and during the reconstruction period, Ger- 
many, especially for reasons of economy to preserve its coal sup- 
ply, found its way into high-pressure steam on locomotives. 
Wilhelm Schmidt, who was the pioneer of the locomotive super- 
heater, was also pioneer in high-pressure engines. For years he 
experimented in designing boiler and engine, and step by step he 
could prove the economy that can be attained with high pressure. 
The locomotive described by Mr. Wagner is practically Dr. 
Schmidt’s child. But others have not been idle. The Swiss 
Locomotive and Machine Works, of Winterthur, Switzerland, 
came to the conclusion, basing their investigation on the well- 
known fact that the employment of extremely high-pressure 
steam improves the thermal efficiency, that considerable econ- 
omies in fuel and water are attainable by high pressures. The 
locomotive built had the following characteristics, compared 
with a superheated steam locomotive of the same type: 


High Low 
pressure pressure 
Steam pressure, Ib. ne sew 850 170 
Superheater, final fahr.. 750 700 
Grate area, sq. ft.. 14.4 24.7 
Water capacity of boiler, gal ; RRR 594 1080 
Number of cylinders. . 3 2 
Tank capacity, water, gal. 1320 3500 
Capacity, coal, tons...... 2.7 4 
Total weight in working order, tons............... 75 90.8 


The boiler is of the water-tube type. The engine is high-speed 
and has three cylinders of the uniflow type and is located on the 
front end of the locomotive. Gears transmit the power to a 
jackshaft which connects with the driving rods of the wheels. 
This locomotive went into service in November, 1927. The re- 
sult with respect to the horsepower-hours at the drawbar is as 
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follows: Coal economy, 35 to 40 per cent; Water economy, 
47 to 55 per cent over the superheated low-pressure locomotive. 
The writer does not know if this locomotive is still in service. 

In 1924 Professor K. Wiesinger, of Zurich, designed a locomo- 
tive which was to be built by the Rheinish Metal and Machine 
Works, of Dusseldorf, Germany. This locomotive was of the 4- 
8-2 type and was to be used for heavy passenger and fast freight 
trains. The boiler was to be of the water-tube type, having a 
superheater, feedwater heater, and connected with a Koerting 
spray condenser. The engine was to be an eight-cylinder, simple- 
expansion, the cylinders being arranged in a row opposite each 
other in V-shape, similar to an airplane motor. The pressure 
for the first design was arranged for 625 lb., the total steam tem- 
perature after leaving the superheater to be 878 deg. fahr., the 
steam temperature in the engine 842 deg., the back pressure 4'/; 
lb., the specific steam consumption per indicated horsepower-hour 
was figured at 7.81 lb.; adding to this for boiler-feed pumps and 
other auxiliaries and friction, the consumption was to be 9.77 
Ib. The fuel consumption, figuring on the coal having a B.t.u. 
content of 13,000, was to be 1.38 lb. peri.hp. hour. This loco- 
motive, compared with a modern superheated locomotive of a 
similar type having a pressure of 220 lb., in which the back pres- 
sure in the cylinders is 18 lb., the steam consumption per i.hp. 
hour 17.12 ib., the coal consumption 2.61 lb., will show a calcu- 
lated economy for the new design of 50.5 per cent. The high- 
pressure locomotive would weigh 137'/, tons in working order, 
while the 220-lb. locomotive would weight 192'/; tons. Professor 
Wiesinger intended also to increase the pressure from 625 lb. to 
930 lb., with the same final temperature of the steam of 842 deg. 
According to his calculations, this locomotive would have an 
economy of 55.7 per cent over the 220-lb. locomotive. Owing to 
unfavorable economical conditions for the firm mentioned, this 
engine was not built, but nevertheless the calculations made by 
Professor Wiesinger seem to be conservative, and there is no 
doubt that this engine will be built in the near future. 

As mentioned in the paper of Mr. Wagner, a locomotive with 
a boiler of the Loeffler principle was under construction last. 
spring at the Schwartzkopff Locomotive and Machine Works at 
Berlin. This locomotive is also a piston-type engine, but the 
special characteristic of the boiler is that it consists really of two 
parts, one part being exposed to the hot gases of the combusted 
fuel, and in this part of the boiler the water is raised to a pressure 
of about 300 lb. and is then pumped by a piston pump into the 
second part of the boiler at a pressure of 1740 lb. The steam in 
the first part of the boiler is superheated to a temperature of 860 
deg., and this steam is used for heating the steam in the second 
part of the boiler. The engine is of the compound type. Dr. 
Loeffler claims that the economy of this locomotive over the best 
type of superheated locomotive is from 40 to 50 per cent, with a 
thermal efficiency of from 80 to 90 per cent. It will be interesting 
to get the reports of the tests which will be made in the near 
future on the German State Railways. 

Another engine is under construction at the J. A. Maffei Loco- 
motive Works at Munich. The special characteristic of this 
locomotive is the boiler, which is of the Benson type and which 
has been well described in Power and in Mechanical Engineering. 
The capacity of this engine will be 2500 h.p. The steam pressure 
will be 2300 lb. The critical steam pressure was established in 
this boiler as being 3262'/, lb., with a critical temperature of 
705.8 deg. fahr. There is one of these boilers in a power plant 
which has been successful after about two years of testing. Many 
difficulties had to be overcome. There is no deposit of scale in 
this boiler. The motive power consists of two turbines, the 


high-pressure turbine to have a pressure of 2300 lb. with a tem- 
perature of 752 deg., to be expanded to 430 lb. This steam is to 
Two 


be reheated and is used then in the low-pressure turbine. 
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condensers are used. The power from the turbines is transmitted 
by gears to a jackshaft and from there to the driving wheels. 
This locomotive was under construction last May, but the low- 
pressure turbine had not been finished at that time. It is ex- 
pected that this locomotive will probably go into service in the 
near future. 

The writer could only give a short description of the types of 
existing and proposed high-pressure locomotives. Final con- 
clusions cannot be drawn until all of these types have been tested 
in the field; yet it seems that the boiler of the Schmidt loco- 
motive is sensible, due to the fact that no trouble with feedwater 
can develop. The three-cylinder compound engine with crank- 
shaft axle is not favored in this country, and it is believed that a 
type of 8 or 12 cylinder motor engine could be applied to advan- 
tage. In this case it is quite possible to go to higher steam pres- 
sures than 850 Ib. The turbine for driving purposes is ad- 
vantageous for very high pressure and for steady long runs, while 
it will be expensive for starting a train. At least one thing is 
sure, the boiler of the present locomotive will give place to a new 
water-tube type. To obtain the maximum of economy, the 
air for combustion must be preheated. The writer has often 
pointed out that the locomotive as a complete power plant is 
very economical, and if improved on lines similar to those men- 
tioned, can take its place next to the best stationary power 
plants. 


Lawrorp H. Fry.® Throughout the design of this Schmidt 
locomotive and, if the author will permit me to say so, in his other 
locomotives one is constantly struck by the sound, practical con- 
siderations which have prevailed. In road service the Schmidt 
locomotive presents practically no new problems or complications 
for the crew. One throttle controls both boilers and one reverse 
lever both the high- and low-pressure cylinders. In the cab the 
only novelties are two sets of steam and water gages and the 
cock which permits excess steam in the high-pressure boiler to 
be blown back into the low-pressure section. 

The author, in speaking of the tests made with the Schmidt 
locomotive this year, tells of replacing the usual test train by a 
locomotive operating in reverse gear. This deserves a paper to 
itself. By varying the cutoff of the load locomotive and by ad- 
justing the pressure at which the air compressed in its cylinders is 
exhausted, the load behind the dynamometer car can be kept 
practically constant irrespective of the grade of the road, so that 
the locomotive under test can be run with constant cutoff and 
uniform speed as if on a stationary test plant. A further great 
advantage is that a test can be run with any desired load, and 
this exact load can be secured at any time. Again, at the end 
of the run there is no test train to be disposed of. The locomotive 
under test can go directly to the roundhouse, and the load loco- 
motive can, if necessary, be used to move the dynamometer car 
to its appointed place. 

The paper provides additional information of much interest 
regarding high-pressure locomotives. The test results given 
confirm what already has been shown in this country and in 
Germany—that is, that fuel efficiency in locomotive service can 
be obtained by designers who have the courage to go to high 
steam pressures. 

Of course, while fuel efficiency is important in locomotive opera- 
tion it is not the first consideration. The most necessary quality 
in a locomotive is reliability. With this assured, economy in 
operation is desirable. Fuel efficiency is of importance in ob- 
taining economy of operation, but must not be obtained by too 
great an increase in first cost or cost of maintenance. The author 
has considered these points and indicates that the Schmidt high- 


* Metallurgical Engineer, Standard Steel Works Company, 
Burnham, Pa. Mem. A.S.M.E. 


pressure locomotive provides an opportunity for a new economy in 
operation. 

Experiments have not yet been made in this country with loco- 
motives using pressures as high as the 850 lb. per sq. in. of the 
Schmidt locomotive, but satisfactory results are reported by the 
Baldwin Locomotive Works with their locomotive No. 60000, 
with 350 Ib. per square inch, which has been very thoroughly 
tested on the Altoona test plant and in service on various rail- 
roads throughout this country. The Delaware & Hudson Rail- 
road also reports economies with locomotives using pressures up 
to 450 lb. per sq. in. 

Returning to Mr. Wagner’s paper, it is interesting to note how 
problems connected with the use of high-pressure steam have 
been solved without departing from well-established and satis- 
factory features of regular locomotive design. The Schmidt 
indirect-heated boiler generating the 850 lb. per sq. in. steam 
reproduces almost exactly the standard form of firebox, while the 
low-pressure boiler barrel forms, as the author says, a “backbone”’ 
for the construction of the locomotive. The more closely one 
studies the locomotive the more one will be struck by the resolute 
adherence of the designers to simple methods of meeting the 
difficulties involved in the use of extremely high pressure. 

For example, at first sight the use of the two pressures in the 
boiler appears to introduce additional complications and to 
reduce the efficiency theoretically obtainable. Further considera- 
tion shows, however, that the generation of about 40 per cent of 
the steam at 205 lb. per sq. in. has a number of practical advan- 
tages. Though they have been pointed out by the author they 
are worth additional emphasis. In the first place, by taking 
the high-pressure feedwater from the low-pressure boiler, the 
high-pressure boiler is relieved of the greater part of the scale- 
forming matter in the water. In the second place, the combina- 
tion of the live low-pressure steam with the high-pressure ex- 
haust solves in a very neat way the otherwise difficult problem 
of reheating this high-pressure steam exhaust between expan- 
sions. It must be remembered that to use high-pressure steam 
efficiently, it must be used through a long range of expansion. 
This long expansion cannot be carried out in a single stage because 
of the excessive conversion that would occur. For example, steam 
at a pressure of 800 lb. per sq. in. and a temperature of 650 deg. 
fahr. expanded adiabatically down to 25 lb. per sq. inch would 
have a dryness factor of only 0.86. Also the high degree of ex- 
pansion necessary would give an undesirably great variation of 
piston thrust. It is therefore necessary, if the very high pres- 
sures are used, to expand in two stages and to use some method 
of intermediate reheating. 

There are many practical difficulties in the way of intermediate 
reheating on a locomotive. The Schmidt locomotive avoids 
these difficulties by the simple method of mixing highly super- 
heated low-pressure steam with the “high-pressure exhaust. 
There is a loss of theoretical efficiency in producing some of the 
steam at the lower pressure, but there is on the other hand a 
great practical advantage. 


C. T. Rietey.” This paper describes a locomotive that is un- 
doubtedly the most interesting new type of steam locomotive 
now in existence. In order to compare it with our own modern 
American power, I have prepared a set of figures from tests of 
one of our latest type locomotives, a 4-8-4 engine of the heaviest 
type in mountain service, taking the 50 m.p.h. data in order to 
make it comparable with the author’s data. Our engine is very 
much larger in every way. (See Table 1.) 

The advantages of the German high-pressure locomotive are 
due to high superheat, the reheating of the steam after passing 
through the high-pressure cylinder, and the high number of ex- 
~ 1 Santa Fe Railway, Chicago, IIl. 
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pansions; while this is offset to a certain extent by the Santa Fe 
locomotive having a considerably lower rate of coal burned per 
square foot of grate area, and approximately 30 per cent of the 
steam used in the cylinders of the German locomotive is used only 
through the low-pressure cylinders. 

TABLE 1_ COMPARISON OF CHARACTERISTICS AND PERFORM- 


ANCE OF GERMAN STATE HIGH-PRESSURE 4-6-0 LOCOMOTIVE 
AND A. T. & S. F. NORTHERN TYPE 4-8-4 LOCOMOTIVE 


Theo- 

retical 

Santa saving, 
German high-pressure Simple, per cent 


Type cylinders...... Re 1 h.-p., 2 cylinders 


Cylinder dimensions, in . 11.42 “7 19.7 XK 24.8 30 X 30 
Wheel diameter, in. . ; 79 73 
Superheat. deg. fahr.: 
High pressure 75 
Low pressure we 700 665 
Grate area, sq. ft 26.59 108 


Heating surface, boiler, sq. ft 
High pressure 


Low pressure 1265 0 5672 
surface: 

ligh pressure 430 6 

Low pressure = 426 6 2250 
Number superheater units 

High pressure 30 110 

Low pressure 60 
Ratio of expansion ‘ 1to6.5 1to3.18 29.5! 
Feedwater heater Closed type Closed type 
Feedwater purifier : Wagner Roadside 
Boiler pressure, Ib. per sa. in.: 

High pressure....... ‘ 853.5 es 

Low pressure. 205.0 210 
Heating value of coal,  B.tu. 

per Ib. 12,750 12,450 2! 
Method of firing ie Hand Stoker 
Maximum firing rate, ‘coal per 

hour, Ib.. 3400 8400 
Coal per sq. ‘ft. grate area, Ib. 

| 128 77.8 
Boiler efficiency, per cent. 59.8 60.7 1.48? 
Maximum drawbar _ horse- 

ower. . ; 1600 3000 

Minimum water consumption 

per drawbar horsepower- 

hour. . 13.8 18.2 24.23 
Minimum coal consumption 

per drawbar horsepower- 

hour..... 2.125 2.8 24.13 


1 In favor of German State locomotive 
* In favor of Sante Fe locomotive. 
* Actual saving of German State over Santa Fe locomotive. 


The Northern type locomotive has a nominal number of ex- 
pansions of 3.18 and the German locomotive 6.5, which should 
give a theoretical saving for the German State locomotive of 
29.5 per cent. However the factors which come in to disturb 
this theoretical ratio are, the reheating of the steam after passing 
through the high-pressure cylinder and the addition of about 30 
per cent of steam to be used at 205 lb. pressure; while in favor of 
the Santa Northern type locomotive there is the increased grate 
area and consequently more efficient firing. This saving is re- 
duced by the use of the stoker, which is not as efficient as hand 
firing, so that the actual saving, based on water and coal, of the 
German locomotive is approximately 24 per cent. 

The outstanding point in this data is the mechanical efficiency 
of this locomotive. A mechanical efficiency of 89 per cent seems 
impossible based on American practice or test results we get on 
the road. At 50 miles per hour, our figure will be closer to 80 
per cent. It is a fact that we have four trailer wheels; we have 
a very big tank, andsoon. That may playa part. Then again, 
the Germans use oil in lubricating their driving boxes and we use 
a heavy grease. Their friction loss is probably less. The length 
of the wheel base also might enter into this difference. 

One point in this engine may give us trouble in American prac- 
tice, and that is the use of the overhead brickwork. Another 
feature is that we are not at all favorable to any crank axle in a 
locomotive, particularly in large sizes. We realize that many 
American engineers differ with us regarding this. Mr. Lipetz 
suggested that it might be worked out by using a simple two- 
cylinder engine. This would appeal more to us in our mountain 
territory if it could be done. 
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The Wagner water purifier has not been used in this country. 
I saw many of these purifiers taken out and was surprised to see 
the large amount of scale that had accumulated. They had a 
regular period for removing the purifiers and replacing them. 

The cast-iron packing is also a revelation as compared with our 
American practice. The Germans are getting good results with 
this packing, and it is worthy of test here. 

Mr. Fry referred to a dynamometer car test, using a locomotive 
instead of a train. One of our problems is to hold uniform condi- 
tions in road tests, and this looks like a possible method of 
doing so. 

Another question is the lubrication with high temperatures 
involved in this type of locomotive. Lubricating with tempera- 
tures of 666 or 675 deg. is as high as we run. Yet the German 
locomotives are run with higher superheats and they are able to 
lubricate the engine as well as we do. So far as I could find the 
quality of their oil is no better. Their claim is that the use of the 
by-pass valve plays a large part in the better results with lubrica- 
tion, particularly in drifting. Their method of lubricating the 
rod packing makes it hard to judge what the lubrication inside 
the cylinder is by looking at the rod, but if you go to the shop and 
look at the cylinder, the piston packing, and so on, indications 
are that they are getting good lubrication. I am hopeful that 
this objection which is frequently raised to high-pressure loco- 
motives will not prove a serious one in our American practice. 


George 8. Epmonps.'! This paper has a deep significance, for 
here we find that the inevitable inertia of conventional practice 
has not retarded progress. 

It also is significant that roads which have had the broader 
opportunities for observation and test of moderate or high-pres- 
sure power, such as the German State Railways and the Delaware 
& Hudson, contemplate additional units for investigation, in- 
creasing in each case both pressure and temperature. History 
with the locomotive may write this as the transition period from 
the tractive to the horsepower basis. 

Observations and tests on the Delaware and Hudson, present- 
ing with moderate pressures probably the widest field in America, 
lead the writer to concur with the author when he says that “‘such 
open the way not only to higher economy but also higher ef- 
ficiency.” If we must provide for expansions, and it is agreed 
we must, let us do so. 

It has been said that experimentation on the Delaware & 
Hudson is not representative, owing to the good water conditions. 
We do, however, have the climatic temperature variable, minus 
20 deg. fahr., obtaining in the winter season. 

In the past five years there has been a decided awakening as 
to the economic possibilities of higher pressures, tempered by 
three unwritten current beliefs: (1) 250 lb. is about the maxi- 
mum practical for a normal type boiler; (2) as the pressure in- 
creased, maintenance expense increased in more rapid progression ; 
(3) with the water-tube type, 350 lb. and above even more so. 

On the Delaware & Hudson there are the following engines, 
with moderate boiler pressures: 


Engine Boiler Date in 

road no. pressure, Ib. service Type of boiler 
1111 250 12-29-26 Normal Wooten 
1112 275 5-18-27 Normal Wooten 
1113 250 10-20-27 Normal Wooten 
1114 300 11-21-27 Normal Wooten 
1115 250 11-10-27 Normal Wooten 
1116 250 12-16-27 Normal Wooten 
1400 350 6-6-24 Water tube 
1401 2-4-27 Water tube 


With the normal type our results indicate that, although an ad- 
ditional period of service will be necessary for determinate conclu- 


11 Superintendent of Motive Power, Delaware & Hudson Company, 
Albany, N. Y 
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sions, the facts are not in accord with the unwritten current beliefs. 

With the water-tube type, the service history shows also that 
the facts are not in accord with the unwritten current beliefs. 

The “Horatio Allen,” engine: No. 1400, first operated in train 
service on June 28, 1924, hauling 35 light coal cars some 16 miles 
with an 0.8 per cent grade. The steam was testing highly nega- 
tive from a moisture standpoint. To overcome this, a collector 
pipe 6 in. in diameter was suspended just off the center in each 
drum, having six rows of '/, in. holes, spaced 5/s to 1 in., 207 in 
all. These pipes are connected to an outside dome, which de- 
livers to an outside dry pipe. In this manner saturated steam 
having a quality of 97'/: to 98'/2 per cent of dryness is had. Is 
not this principle of collection adaptable to the low-dome, 
normal-type boilers, by the introduction of an outside dry pipe, 
with the possible resultant improvement in steam quality? 

When first received, this engine did not steam freely. The 
problem of but two exhausts, instead of the normal four and in 
some cases six, with speeds of 5 to 8 miles on controlling grades 
and 25 to 35 on the level, was somewhat complex. The engine 
now steams freely, maintaining full boiler pressure with booster 
tonnage on controlling grades. 

In the design the degree of superheat was limited, fearing 
possible cylinder and packing problems with increased pressure. 
Maximum steam temperature of 600 deg. fahr. has been realized, 
but the average operation is at 550 to 575 deg. 

As built this engine had two circulating elbows, 6 in. internal 
diameter, connecting the shell of the boiler with each steam drum, 
located about 2 ft. each side of the center, but experience indi- 
cated these as unnecessary, and they have been blanked off. 
The “John B. Jervis,” engine No. 1401, was built without them. 

The engine is a cross-compound, and when carded it was 
found that the power was not equally divided between the cylin- 
ders. Accordingly, while this engine has cylinders of 23'/, in. 
high-pressure and 41 in. low pressure, with 30 in. stroke, on the 
sister engine, in addition to the increased steam pressure, the 
cylinders were changed to 22'/, in. high-pressure, and 38'/, in. 
low-pressure, with the same stroke. Observations of engine No. 
1401, substantiated by the tire studies, after over 40,000 miles of 
service evidences that this phase of the problem is well in hand. 

As received, there was some throttle trouble, but the changes as 
indicated in the paper gave a satisfactory solution, there being less 
trouble than with the normal 200 lb. pressure engines. On 
engine No. 1401 no grinding has been necessary in fifteen months. 

More or less trouble was had with the firebox covering, very 
limited cracks in the lagging promptly making themselves known 
through decreased boiler efficiency. On the “John B. Jervis,”’ 
engine No. 1401, sheets of a special heat-resisting material, sealed, 
were placed about '/, in. from the tubes and covered with the nor- 
mal form of lagging and jacket. These sheets resist a tempera- 
ture of 2400 deg. fahr. and have solved the problem. This engine 
has been in operation for nearly two years, and when hydrostatic 
test was given, the condition was found highly satisfactory. The 
“Horatio Allen,’ engine No. 1400, at shopping was similarly 
jacketed. 

Practical men seem to view with concern the problem of wash- 
ing out a boiler of the type of the “Horatio Allen” and “John B. 
Jervis.” In fact, engines are now in service in America with 
water-tube boilers where it is evident that such was a factor of 
guidance in the development. It is surprising, due to the activity 
of circulation, the limited amount of accumulated deposit at the 
end of every 30 days’ service. While it now does take somewhat 


longer to wash one of these boilers than a normal type, develop- 
ments lead to the belief that in a very short time on the Delaware 
& Hudson there will not be very much difference. 

It was felt that troubles would be had with cylinder and piston- 
rod packing on the high-pressure engine. 


Such has not proved 


to be the case, for on engine No. 1401 the following represents 
actual conditions: Cylinder, low pressure, original still in loco- 
motive; high pressure, renewed October 17, 1928, after 38,900 to 
42,000 miles; Piston rod, low-pressure cylinder, 13 months’ 
service; high-pressure cylinder, 13 months’ service. 

The driver diameters of both engines are 57 in. over the tires. 
A decided improvement would have been had with 63 in. 

No problem has been presented either as to release of pressure 
or of water supply to the boiler. At popping, through the muffle 
pop, no noticeable difference is observed as to sound. The engine 
is easy to pump, the fluctuation in the glass being even less than 
with the normal engine, markedly so comparatively with some 
arch-tube locomotives. 

The locomotive presents no difficulties to the driver. The 
first conservatism as to the pressure and the possibility of ex- 
plosion soon passed, and in the roundhouses they were soon 
treated the same as the other power. The engines are smart and 
hold the rail well, and will continue to lug at speeds of 3 to 4 
miles per hour, which is a contrast to the normal engine. There 
was but one failure of these engines chargeable to the boilers. 

Engine No. 1401 will be in need of its first shopping for tire 
attention next spring, with mileage between 65,000 and 70,000. 
Remembering the error in the use of 57 in. drivers and the weight 
on them of 295,000 lb., evidence is here had of the absence of the 
imperceptible slip of some modern power. At this time the flues 
will be removed to give the boiler interior a thorough examination. 
The inner row of tubes between the two drums will be replaced 
for further experimentation. This does not seem to constitute 
a very large problem for a 400-lb. pressure or any other boiler. 

The Delaware & Hudson has surmounted the 250-lb. pressure 
barrier. It is hoped that encouragement will be given to those, 
both in Europe and America, who contemplate or have progressed 
to the drawing-board stage of pressure-temperature locomotive 
development. It is a conviction that the locomotive of the 
future will have a water-tube boiler, steam pressure of not less 
than 500 lb., temperature of not less than 850 deg. fahr., and 
cylinder design such that heat loss, both at nozzle and condensa- 
tion, will be of the minimum. 


Joun E. Munurevp.'? It is interesting to know that in the 
design of the Schmidt locomotive the rigidity of the conventional 
locomotive boiler has been retained. This is an important factor 
in locomotive design with respect to boiler leakage and upkeep, 
and it is also reassuring that, with 855 lb. boiler pressure, Mr. 
Wagner has found no danger of explosion. 

In view of the results that may be accomplished through the 
use of high-pressure-temperature steam from short cut-off in com- 
bination with a modified uniflow principle of condensing or non- 
condensing multiple expansion, it is somewhat disappointing that 
in the Schmidt locomotive advantage has not been taken of the 
further engine economy possible by this system, on account of 
the other conditions being so favorable. 

During December, 1923, the Lehigh Valley Railroad made 
some dynamometer car road tests of their three-cylinder Moun- 
tain-type freight locomotive No. 5000, which has 200 Ib. boiler 
pressure and 64,700 lb. tractive power, with a factor of adhesion 
of 3.81. The average performance, in round figures, follows: 
Steam chest pressure, 175 lb.; cylinder back pressure, 15 lb.; 
temperature of steam at the steam chest, 619 deg. fahr.; tem- 
perature of steam at the exhaust pipe, 322 deg. fahr. 

These results gave a heat utilization in the cylinders of the 
difference between 1326 B.t.u. input and 1200 B.t.u. loss in the 
exhaust steam, or of 126 B.t.u. converted into useful work. This 
is an efficiency of only 9.5 per cent as compared with the use of 
steam of 500 lb. pressure, with a total temperature of 850 deg. 

12 Railway Consulting Engineer, New York, N.Y. Mem. A.S.M.E. 
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fahr. in a modified uniflow cylinder, which would give a cylinder 
efficiency of approximately 20 per cent, or 100 per cent more than 
that obtained during this test, which it seems to me is quite worth 
while in terms of fuel conservation and saving in the railway trans- 
portation expense account. 

The writer’s contention always has been that, commencing 
witb the Baltimore & Ohio’s Mallet No. 2400, built in 1903-04, 
which had 235 lb. working steam pressure and was of the articu- 
lated-compound design, in order to secure the full benefit of high 
pressure it must be in combination with two or more expansions. 
It is wasteful to exhaust such a large amount of pressure and heat 
from the cylinders as in the average steam locomotive. 

There are many railway mechanical engineers who favor low 
pressure, high superheat and the wasting of superheat with the 
exhaust steam in simple-cylinder locomotives in preference to 
the use of high pressure, high superheat in multiple-expansion- 
cylinder locomotives. 

The theoretical efficiency from the use of pressure-heat in steam 
in non-condensing reciprocating-engine cylinders is shown by the 
following table: 


1 2 3 4 5 6 
K.t.u. in B.t.u. trans- Theoretical 
steam rejected formed efficiency 
Gage Super- Total from cylinders into useful as per 
pressure, heat, H.t.u.in in exhaust at work in Rankine 
Ib. deg. steam, atmospheric cylinders 7 
fahr. per Ib. pressure (3-4) (% of 5 to 3) 
200 0 1199.2 1004 195.2 16.3 
350 0 1206.6 976 230.6 19.1 
500 0 1210.0 957 253.0 20.9 
200 100 1258.9 1049 209.9 16.7 
350 100 1274.0 1024 250.0 19.6 
500 100 1285.9 1008 277.9 21.6 
200 200 1309.7 1083 226.7 17.3 
350 200 1325.5 1058 267.5 20.2 
500 200 1338.2 1042 296.2 22.1 
200 300 1359.0 1114 245.0 18.0 
350 300 1375.8 1086 289.8 21.1 
500 300 1389.2 1070 319.2 23.0 
350 400 
500 400 


Note—The Rankine cycle does not allow for cylinder condensa- 
tion, losses by free expansion, friction of steam in passages and 
ports, friction of moving parts of engine, or leakage, of which the 
first two are the most important and influential factors. 

While steam at higher pressure has smaller volume, and requires 
less room in the boiler steam space per pound, more pounds must 
be used, and the following table gives a comparison of the B.t.u. 
values and specific volumes of steam at different pressures and 
temperatures per pound of liquid or steam from water at 32 deg. 
fahr.: 


Super- 
heat, 
deg. ————Gage pressure, lb.—-—— 
fahr. 0 200 350 500 
Total temperature, deg. fahr.... . O 212.0 387.9 435.8 470.1 
Total temperature, deg. fahr..... 200  .... 587.9 635.8 670.1 
Total temperature, deg. fahr..... 300 .... 687.9 735.8 770.1 
Total temperature, deg. fahr..... 400  .... 787.9 835.8 870.1 
Heat of the liquid, B.t.u......... 0 180.0 361.3 412.5 450.9 
Latent heat of evaporation, B.t.u. 0 970.4 837.9 794.1 759.1 
Total heat of the steam, B.t.u... O 1150.4 1192.2 1206.6 1210.0 
Total heat of the steam, B.t.u... 200 ee 1309.7 1325.5 1338.2 
Total heat of the steam, B.t.u... 300 acatias 1359.0 1375.8 1389.2 
Total heat of the steam, B.t.u... 400 wea 1408.0 1425.5 1439.8 
Specific volume, (cu. ft. in 1 Ib. of 
_ 0 26.740 2.141 1.282 0.906 
Specific volume, (cu. ft. in 1 Ib. of 
Specific volume, (cu. ft. in 1 Ib. of 
3.170 1.940 1.420 
Specific volume, (cu. ft. in 1 Ib. of 


It is therefore obvious that cylinder design, cut-off, speed, 
character of the steam, and like factors all affect thé thermody- 
namics of heat transfer and of heat efficiency in a steam-engine 
prime mover. 

Cylinder walls will average a lower difference of temperature 
when using superheated steam than when using saturated steam, 
and the earlier the cut-off the greater the difference. 
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In a counterflow non-condensing reciprocating engine, during 
the cycle, the mean temperature of the cylinder wall will average 
higher than the mean temperature of the steam. The later the 
cut-off the higher the mean temperature of the cylinder wall. 
When in the first stage the temperature of the steam exceeds that 
of the wall, heat is transferred from the steam to the wall and 
performs no work. However, after cut-off and before release, 
when the temperature of the wall exceeds that of the steam, some 
of this heat may be returned by the wall to the steam, which re- 
sults in re-evaporation and a tendency to counteract the con- 
densation of the steam due to adiabatic expansion and to increase 
the work by the heat returned to the steam from the cylinder 
walls. However, if these cylinder surfaces are swept by the ex- 
haust steam, the initial condensation will be increased and the 
re-evaporation will be reduced, with resulting decreased efficiency 
due to the heat removed with the exhaust steam. By substitut- 
ing uniflow for counterflow, these losses are largely eliminated. 

The following tabulation sets forth the ideal condition of the 
Rankine cycle and gives about as good an illustration of the 
writer’s opinion as is possible: 

Total B.t.u. Total 


Entropy Total in steam B.t.u. Efii- 
Gage increase B.t.u. rejectedin trans- ciency 
pres- Super- Total in in exhaust at formed Rankine 
sure, heat, tempera- unavail- steam 20 Ib. gage into cycle 
Ib. per deg. ture, able per cylinder back useful per 
sq.in. fahr. deg. fahr. energy Ib pressure work cent 
200 310 698 1.7066 1364.0 1182.0 82.0 13.3 


1 
400 250 698 1.6318 1365.1 1130.0 225.1 16.6 


From the foregoing it will be noted that the 400 lb. pressure, 
250 deg. superheated steam will do about 25 per cent more work 
per pound of steam than the 200 lb. pressure, 310 deg. superheated 
steam. This would result in the use of about 20 per cent less 
fuel per horsepower-hour. The 200 lb. pressure, 310 deg. super- 
heated steam will still have about 30 deg. superheat when ex- 
hausted, while the 400 lb., 250 deg. superheated steam will be 
of about 96 per cent quality when exhausted. 

Theoretically, the percentage of saving in fuel and water which 
can be obtained in ideal non-condensing reciprocating engine 
cylinder performance, by expanding superheated steam of 220 
Ib. gage pressure, when operating at a 50 per cent cut-off to atmos- 
pheric pressure, as compared with the use of saturated steam with 
20 per cent moisture at the point of cut-off, may be illustrated by 
the following tabulation: 


Gage Total temp. Superheat 


pressure, of steam, temperature, Per cent saving 


Ib. deg. fahr. deg. fahr. Fuel Water 
220 600 205 18.25 35.75 
220 650 255 21.00 39.25 
220 700 305 23.50 42.25 
220 750 355 25.50 45.00 


Therefore, an increase in superheat only, without high steam 
pressure, short cut-off, multiple expansion and uniflow, cannot 
be counted on to produce the increased cylinder efficiency and 
economy that the steam roads are looking for to reduce their 
operating expenses. 

The American steam locomotive, up to 300 lb. boiler pressure, 
still remains the conventional basic type originated by Stephenson 
a century ago; i.e., the same general design and arrangement of 
boiler, firebox, flues, and blast pipe in combination with the same 
assembly of single-expansion cylinders, frames, and running 
gear, to which latter the Mallet type is about the only exception. 

To show what can be accomplished in cylinder and drawbar 
power, fuel conservation, and economy, it is only necessary to 
compare the conventional steam pressure used today with what 
can be used in view of the advancement and present state of 
the metallurgical art. At 200 lb. gage pressure, which is the 
general locomotive steam pressure, the total heat value of the 
saturated steam is 1192.2 B.t.u., and at 500 lb. gage pressure it is 
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1210.0 B.t.u. Therefore, only 17.8 heat units or B.t.u. are 
required to increase the boiler pressure 150 per cent. 

At 200 lb. gage pressure and 200 deg. fahr. superheat, the total 
temperature of the steam is 587.9 deg. fahr. and the heat value is 
1309.7 B.t.u. At 500 lb. gage pressure and 400 deg. fahr. super- 
heat, the total temperature of the steam is 870.1 deg. fahr. and 
the heat value is 1439.8 B.t.u. Therefore, only 130.1 B.t.u. must 
be added to increase the temperature 282.2 deg. fahr., or 48 per 
cent, and to increase the pressure 300 lb., or 150 per cent, which 
combination will give an enormous resulting increase in the 
cylinder and drawbar power. 

With a branch-pipe steam pressure of 212 lb. and temperature 
of 635 deg. fahr. and an exhaust-pipe steam pressure of 16 lb. 
and temperature of 280 deg. fahr., only about 158 B.t.u., will 
have been converted into useful work in the average locomotive 
simply cylinders, or less than 12 per cent of the B.t.u. input. 
For example, considering only the efficiency in the use of the 
steam in the cylinders of a freight locomotive, we start with a 
boiler capable of generating ordinary superheated steam at 250 
Ib. gage pressure, and at 50 per cent cut-off obtain an average 
mean effective pressure on the cylinder pistons of less than 100 
lb. pressure per square inch, and convert into effective work in 
the cylinders less than 160 B.t.u., or less than 12 per cent of the 
1335 B.t.u. put into the steam as received from the boiler and 
delivered by the superheated to the steam chests. The possi- 
bilities of improvement in the non-condensing reciprocating en- 
gine of the average steam locomotive are obvious, and the fore- 
going gives an idea of what the steam-locomotive designers have 
ahead of them. 

The conventional locomotive boiler with the water-leg type of 
firebox is limited to the use of about 300 lb. boiler pressure. 
Even when used with lower pressures it is important that the 
circulation of the water through and around the water legs be 
accelerated by means of water tubes, thermic siphons, or other 
similar heat-absorbing surfaces in order to increase the boiler 
capacity, efficiency, and economy. 

These boilers have the undesirable crown and side sheets, and 
their flat and radial sheet staybolts which pass through the inner 
and outer sheets at various angles are a constant source of annoy- 
ance and expense on account of inspection, testing, and renewal. 
The crown and side sheets proper are also the cause of repeated 
repairs and renewals as well as hazard in event of low water in 
the boiler. 

With the higher pressures, it is important, in steam locomotives, 
to follow the stationary and marine practice, whereby all possible 
flat and radially stayed sheets are eliminated and cylindrical 
self-supporting drums and tubes are substituted, which will 
simplify the design and construction and eliminate the undesirable 
features of the existing conventional locomotive boiler. 

Some of the most recent developments of the water-tube type 
of firebox locomotive boilers make use of brick-lined dead plates 
as a substitute for the conventional water legs, thereby eliminat- 
ing important firebox evaporation surfaces. The writer always 
has felt that the combustion space of the locomotive boiler should 
be entirely surrounded by water in order to secure the maximum 
benefit from radiant heat and from the combustion temperatures 
produced in the firebox. Moreover, he feels that the more travel 
the flameway and products of combustion can be given around 
and against the heat-absorbing surfaces, especially those in direct 
combination with the furnace, the greater will be the absorption 
of heat and the lower the smokebox or waste-heat temperatures. 
In other words, in the locomotive furnace-boiler there should be 
followed the stationary and marine-boiler furnace practice of 
intimately mingling the products of combustion and the heat- 
absorbing surfaces, in a manner whereby the maximum boiler, 
furnace, superheater, and economizer efficiency can be obtained 


In the ‘Horatio Allen” and ‘John B. Jervis’ locomotives high- 
pressure boiler design, the particular idea was to eliminate the 
usual flat and radial stayed firebox crown and side sheets and 
water legs and to substitute self-supporting, relatively small 
cylindrical steam and water drums and tubes; also, to dispense 
with the large 90 to 100 inch or more diameter heavy cylinder 
shell, now generally used for the fire tubes and flues and steam 
and water storage space, without sacrificing the rigidity of the 
connection between the cylindrical shell and the firebox ends of 
the boiler. This was accomplished by the use of a relatively short 
and small diameter of cylindrical shell for the fire tubes and flues 
and water storage, combined with a system of upper steam and 
water, and lower water, drums all rigidly connected with headers, 
water tubes, and fire tubes and flues in a manner to insure flexibil- 
ity for expansion and contraction and free uniflow circulation of 
the cold and hot water throughout the boiler. 

In this conventional locomotive boiler, the firebox heating sur- 
face generally represents from 5 to 10 per cent of the total evapo- 
rating surface whereas in the ‘Horatio Allen’’ and the “John B. 
Jervis” it represents about 36 per cent of the total. This makes it 
possible to take greater advantage of the radiant heat of com- 
bustion, as the firebox heating surface ordinarily has about five 
times more steam-making capacity than that of the fire tubes 
of flues. In this way about 75 per cent of the total steam is pro- 
duced at the firebox end, instead of 40 or 45 per cent, as is the 
usual practice. 

Furthermore, the products of combustion passing through the 
banks of vertical water tubes, which make up the furnace sides, 
enable maximum heat absorption and minimum waste-gas tem- 
perature, as well as a rapid uniflow system or boiler-water circula- 
tion. It also prevents the “straight shot” of the products of 
combustion through the boiler with resulting loss of heat in un- 
consumed cinders and gases, such as obtains with the conventional 
locomotive firebox and brick-arch arrangement. 

The superheater elements or units, being of the single instead 
of double loop type per boiler fire flue, also reduce the liability for 
restricted gas area through the fire flues and tubes, an important 
detail often overlooked in the drafting of locomotive boilers. 

The steam railroads in the United States on January 1, 1927, 
owned 249,138 miles of road, equipped with 66,381 steam loco- 
motives. Of these locomotives, 62,342 averaged 41,886 lb., 
tractive power. These 62,342 were divided as, freight, 37,139; 
passenger, 12,769; freight or passenger, 1,697; and switch, 
10,737. This indicates the large number of steam locomotives 
or relatively low tractive power still in existence. For example, 
in comparison, the average tractive power of all locomotives on 
the Kansas City Southern Railway was 54,200 lb., and which has 
since been increased to an average of 56,601 lb., with the freight 
locomotives averaging 71,533 lb. 

Next to labor the fuel bill is the largest item of railway trans- 
portation expense, and it is the writer’s idea that in future steam- 
locomotive construction this fuel bill should be cut to one-third 
of what it is now, per unit of work performed by the conventional 
steam locomotive. During 1926 the Class 1 roads, with 62,342 
steam locomotives, paid $407,431,929 for fuel consumed, and the 
use of modern high pressure-temperature steam locomotives 
would have reduced this bill to about $135,000,000, representing 
a saving of over $270,000,000 as compared with the total divi- 
dends paid of about $474,000,000. These figures are given merely 
to show the possibilities in fuel saving and conservation alone. 

Unless the railroads are allowed increased freight and passenger 
rates, which with the proposed further development of our water- 
ways and highways is problematical, how can they continue to 
exist on a satisfactory operating basis without reducing trans- 
portation expenses? Purchasing new locomotives at this time, 
which should remain in service for from 35 to 50 years before be- 
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coming obsolete, and which will only produce from 5 to 7, or 
even less, per cent thermal efficiency in terms of the heat value 
of the fuel at the tender drawbar, is not going to help out a steam 
railway transportation system which, during 1926, averaged over 
73 per cent of its operating revenues expended for operation, ex- 
clusive of taxes. 

On account of the extremely high prices, railroads are not now 
placing orders for new locomotives except when absolutely neces- 
sary. The steam locomotive builders should recognize the fact 
that the railroads are not now in need of much additional motive 
power and are waiting for the development of modern design, 
material, and construction, comparable to what is being installed 
in the public-utility central power-station and marine service 
so that their investment account will not be overburdened and 
the improved operating results will justify the interest, deprecia- 
tion, taxes, and insurance on the investment and leave something 
in the way of net to be obtained from the increased production, 
the reduced fuel consumption, and other lower operating expenses. 
In other words, the representatives of the stock owners of the 
railroads are not inclined at this time, in the face of the general 
engineering progress being made in other directions, to purchase 
steam or other locomotives of high cost and low efficiency that 
they will be required to retain in their service for the next 35 or 
more years and which would be from 10 to 15 years old in the 
state of the art when put into use, and require double the fuel 
per unit of work performed as compared with steam locomotives 
having higher boiler pressures and superheat and improved 
means for utilization of the same and of the waste heat in the ex- 
hausted steam and gases. 

The locomotive builders should therefore equip their plants 
with shop machinery, tools, and such other necessary facilities to 
enable them to build these high-powered steam locomotives on 
a production basis and at a price which will permit the railroads 
to purchase them as a substitute for their existing adequate but 
obsolete power. In a general way, for such a locomotive the 
writer would favor a wheel and running gear arrangement that 
will provide the maximum ratio of main engine coupled adhesive 
to total engine weight, and of main engine power to such ad- 
hesive weight; 500 lb. steam pressure; 850 deg. fahr. total tem- 
perature of the steam; a uniflow boiler, superheater, and two or 
four outside cylinder arrangement; piston valves and outside 
valve gear; a 100 per cent furnace volume, evaporation surface 
and gas area water-tube firebox, fire flue and tube boiler; a 
fire-box header, fire flue superheater; main throttle valve and 
steam delivery and branch pipes to be located outside of boiler 
and smokebox; insulation and jacketing to have an efficiency of 
98 per cent; a mechanically driven feed pump; an open de-aerat- 
ing feedwater heater; a smokebox economizer; a unit system for 
automatically burning solid or liquid fuel in suspension; the use 
of high-elastic limit, tough, ductile, high-manganese and low- 
carbon steel castings, forgings, and plates; and the utilization of 
engine and tender leading and trailing uncoupled truck wheel 
weight, necessary for starting, acceleration, and light power use, 
by means of independently operated four-wheel coupled, reversi- 
ble, and relatively high-speed and economical steam auxiliaries. 

High pressure-temperature non-condensing steam locomotives 
can be designed and constructed at a reasonable cost, to operate 
safely, reliably, and efficiently, at speeds as high as 110 m.p.h., 
under roadway, track, and signal conditions suitable for such 
train speed, and permissible improvements will greatly reduce 
the existing black smoke and noise nuisances. In terms of the 
heat value of the fuel used, the thermal efficiency at the tender 
drawbar can be increased from the 4 to 6 per cent now ordinarily 
obtained in road services to from 13 to 15 per cent, and as com- 
pared with from 5 to 6 per cent for the electric unit which is de- 
pendent upon an outside source of power for its operation. In re- 
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lation to the unit of work produced—i.e., gross ton-miles or 
drawbar horsepower-hour—this shows the enormous possibilities 
remaining in the way of increasing steam-locomotive boiler, 
engine, and machine efficiency, as compared with what little can 
be further accomplished in increasing the efficiency of electrifica- 
tion where the motive power is dependent upon an outside source 
of power and it is difficult to reduce the great loss between the 
coal-pile at the power plant and the locomotive or motor car on 
the rail, due to the heavy conversion, transmission, and trolley- 
line losses where adequate and suitable electric current must be 
provided for high and low load factors, for long and short hauls, 
and for both large and small locomotive and motor-car unit 
operations. In this regard, the results of the experiment of the 
Delaware, Lackawanna & Western, in its decision to make use of 
3,000-volt direct current, for both multiple-unit motor-car and 
locomotive operation, will be looked forward to with much inter- 
est. 

There is in the United States a public-utility central power 
station equipped with a steam boiler carrying 1200 lb. pressure, 
operating in combination with a turbo-generator set which has 
been in service for several years. It is the writer’s understanding 
that a 1700 lb. pressure installation will also be made for ex- 
perimental purposes. There is a question whether the operating 
results, in view of the investment cost, will justify the use of these 
extremely high pressures. 

The Baldwin Locomotive Works, in the design and construction 
of their locomotive No. 60,000, a three-cylinder compound with 
one high-pressure and two low-pressure cylinders, and a water- 
tube type of firebox, which makes use of 350 lb. boiler pressure, 
advise that, in view of the limits set to steam temperatures by 
the method of producing the steam and by difficulties of lubrica- 
tion, locomotive designers must aim at a steam temperature of 
approximately 650 deg. fahr., with a maximum of, say, 700 deg. 
fahr., irrespective of the pressure used. The writer believes that 
the steam locomotive should not at this time be limited to the use 
of steam with a temperature of 700 deg. fahr. as a maximum, but 
that the limit should be only what the present state of the metal- 
lurgical art will permit—i.e., to pressure of 500 lb. and a total 
steam temperature of 850 or even 900 deg. fahr.—in order to se- 
cure the benefit of the greater economies to be obtained from the 
higher boiler and engine efficiencies. 

Therefore, in the steam-locomotive boiler design, it is the 
writer’s opinion that the time has arrived to step up from the 
200 to 250 lb. conventional boiler pressure, but in view of the 
present state of the metallurgical art and the lack of knowledge 
with respect to the “flow” and “creep’”’ in carbon or alloy steel 
plates, forgings, and castings when subjected to temperatures of 
over 900 deg. fahr., it will be better to limit pressures, for the time 
being, in locomotive construction to around 500 lb. and the total 
temperature of the steam to 850 or 900 deg. fahr., as a maximum. 
Moreover, the wheel loads to be encountered at this time by a 
locomotive-boiler pressure higher than 500 Ib. may not increase 
the efficiency sufficiently to compensate for the added total loco- 
motive weight. Plans for the construction of such a freight loco- 
motive are now under way, the same to include 500 lb. gage pres- 
sure, 850 deg. fahr. steam temperature, a modified uniflow 
cylinder and valve-gear arrangement, and a mechanically driven 
feedwater pump in combination with an open-type exhaust steam 
and smokebox gas feedwater heater. 

The railways now have three kinds of locomotives to draw upon 
—self-contained and _ self-propelled high-pressure-temperature 
steam or internal combustion and electric dependent upon an out- 
side source of power. The use of the self-contained high-pres- 


sure-temperature steam locomotive will no doubt be continued in- 
definitely where heavy trains and traffic must be expeditiously 
and economically hauled for long distances under all sorts of pro- 
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file and weather operating conditions. Where they cannot be 
made suitable to meet the operating requirements, a self-con- 
tained oil-direct drive unit of not to exceed 750 hp. may probably 
be substituted, and when neither the high pressure-temperature 
steam nor the internal-combustion engine operation is permissible, 
then electrification will probably follow, with preference for the 
development of a self-contained unit not dependent upon an out- 
side source of power for its operation. 


Wituiam F. Krieser, This design, the beginning of a 
step forward in steam-locomotive practice, is no doubt the simpli- 
fication of a number of redesigns of a much more elaborate and 
complicated structure. The basic idea, to utilize the economic 
advantages of high pressure, led to the selection of a pressure 
with which compounding became obligatory. 

The inventor was confronted with the practical limitation of 
boiler design, which was very neatly overcome by making a two- 
stage boiler and selecting the two pressures of 855 and 199 lb. 
per square inch, deriving the additional advantage of intermediate 
superheat. He, however, sacrifices part of the economy, which 
could be realized if all the steam were generated at the high pres- 
sure. 

The problem of obtaining 855 lb. pressure without undue 
danger from high temperatures to the boiler parts was solved 
by heat transfer from a third pressure (1360 Ib.), with a tempera- 
ture differential of 60 deg. fahr. 

In this building up of a means to an end, valuable features of 
the present standard locomotive, such as making the boiler the 
backbone of the construction, have been retained. The details 
of the construction and the functioning of the various parts, 
so clearly presented, have been proved practical by tests. 

A study of the economic results, illustrated by the tests, and 
a comparison with what has been accomplished by the lower pres- 
sures will serve to determine how much return in value is realized 
from the increased cost and maintenance of a locomotive of this 
type. 

Compared with modern American locomotives, this high-pres- 
sure locomotive is of small capacity, but this fact should not 
seriously affect steam or coal economy. 

The ingenious method of testing, by providing a drag consisting 
of another locomotive working as an air compressor, makes it 
possible to compare performances with those obtained from a 
locomotive testing plant, provided suitable allowance is made for 
rolling and wind resistance. 

The Schmidt high-pressure locomotive weighed 204,000 lb. 
The resistance to traction, exclusive of the machine resistance, 
at 50 m.p.h. is, closely, 65 hp. Fig. 11 illustrates by curve the 
amount of coal per metric drawbar horsepower, at from 500 to 
1500 hp. At 500 hp. an allowance of 13 per cent and at 1500 
hp. an allowance of 4!/; per cent should be made. The English 
horsepower is 1.39 per cent greater than the metric horsepower. 

To be able to visualize what more must be done to realize the 
maximum benefit of higher pressure, the locomotive designer 
naturally compares the accomplished results with the existing 
practice, making due allowance for difference in coal-saving 
equipment. Two sets of Pennsylvania Railroad passenger loco- 
motives are available for such comparison—locomotive No. 51, 
type 4-4-2; and locomotive No. 1737, type 4-6-2, both tested in 
1915. The driver diameter, weight on drives, and boiler pressure, 
compared with the Schmidt high-pressure locomotive, are as 
follows: 


Driver Driver Boiler 

diameter, in. weight, lb. pressure, Ib. 
High-pressure 79 134,000 853.5 
No. 51 80 133,000 205.0 
No. 1737 80 203,000 205.0 


13 Mechanical Engineer, Pennsylvania Railroad, Altoona, Pa. 
Mem. A.S.M.E. 


Confining this comparison to generalities, since we have no 
complete record of the tests of the Schmidt locomotive, it will 
be sufficient to take into account—see Fig. 11, showing coal per 
drawbar horsepower—the fact that all these locomotives were 
equipped with superheaters but that only the Schmidt locomotive 
had a feedwater heater. 

We may assume, roughly, that the coal in Fig. 11 should be 
increased 1.4 per cent for difference in rated horsepower; 10 per 
cent for benefit derived from the feedwater heater; and should 
be reduced 13 per cent at 500 hp. and 4'/; per cent at 1500 hp., or 
an average of 8?/; per cent, for rolling and wind resistance. This 
would correspond with an average increase of about 2 per cent in 
values represented by the line in Fig. 11, to make it comparable 
with the test plant results, for coal per drawbar horsepower 
locomotives Nos. 51 and 1737. 

In making comparisons, we may also select limits of horsepower 
between which tests are comparable. In the following com- 
parison the relative limits for horsepower are based on driver 
weights, which are a fair representation of locomotive capacity: 

For locomotive No. 51, the tests between 500 drawbar horse- 
power and 1500 drawbar horsepower (the same as in Fig. 11) are 
found to average 2.525 lb. of coal per drawbar horsepower. 
There were eighteen tests, of which two were eliminated as clearly 
out of range. Hence, this is an average of 16 tests. 

For locomotive No. 1737, the 23 tests, between 800 drawbar 
horsepower and 2400 drawbar horsepower, averaged 2.437 lb. 
of coal per drawbar horsepower. The saving in coal, due to 
higher pressure, comparing Fig. 11 with these figures, does not 
appear as much as might be expected. This may be due partly 
to such causes as quality of coal, low results from feedwater 
heater, small capacity of boiler, and other features. 

Referring to the statement “‘Another locomotive, working at 
1700 lb. (pressure), according to the Loeffler principle, is now 
under construction,” it would be interesting to have the author 
give a brief description of the Loeffler principle. It is somewhat 
difficult to visualize how such high pressures can be utilized except 
at least with a four-stage expansion, to obtain the advantages 
which high pressure is capable of furnishing. And if the Loeffler 
principle includes multistage expansion, the design difficulties 
will be greatly increased, and whoever evolves a relatively simple 
design deserves much credit. 


H. B. Oattey.™ As the author points out, this engine is the 
first successful high-pressure locomotive. The full purpose of 
this design was to provide a locomotive which would have a 
marked increase in overall efficiency, would be handled in the 
same way as the conventional lower pressure engines of the pres- 
ent time, would involve no radical departure from well-developed 
standard practices for cylinders and running gear, and would, in 
making use of high steam pressures, have no increased liability 
of damage and no greater maintenance cost due to impurities in 
the feedwater available to locomotives in ordinary service. That 
all of these objects have been attained with a satisfactory ap- 
proach to the expected performance must appear as demonstrated 
from the data submitted by the author. 

The cylinder arrangement, while having been decided upon 
with particular consideration of the applicability of these ideas 
to existing locomotives of the Reichsbahn, did at the same time 
appear to offer many more practical advantages than the several 
other arrangements which were given careful study during the 
preliminary period. It is quite possible to use a prime mover 
along the lines referred to by Mr. Toltz, and as a matter of fact, 
the Swiss (Buchli) locomotive utilized an arrangement having 
some of the characteristics mentioned. The use of turbine drive, 

14 Vice President, The Superheater Co., New York, N. Y. Mem. 
A.S.M.E. 


be 


both with a jackshaft as well as with an electrical transmission, 
has received consideration. 

It is interesting to learn that no difficulties in starting have been 
experienced and that no necessity has been found for simpling 
in starting. This condition is explained to some degree by the 
fact that the two low-pressure cylinders receive steam immedi- 
ately upon opening the throttle and do not have to depend upon 
the first exhaust of the high-pressure cylinder, as is the case in 
the single-pressure locomotive with compound-cylinder arrange- 
ment. 

The remarkably effective water purification conditions de- 
scribed offer much encouragement for this design when used in 
territories where bad water is found. Personal inspection of this 
locomotive confirms in every particular the conditions described 
in the paper, and also offered by Mr. Edmonds, as regards the 
absence of a scale-forming condition in the high-pressure drum. 
There is no doubt that the double-refined water delivered to the 
high-pressure drum is a factor of more than ordinary advantage 
in this double-pressure steam-generating system. 

Reference has been made to the fact that about one-half of 
the steam consumed is high-pressure steam, the other half being 
generated and used at the normal pressure and that theoretically 
a better performance could be obtained were the locomotive to 
be entirely a high-pressure machine. This is undoubtedly true 
and has been studied with considerable care by the Schmidt 
company. In all of their considerations they have had in mind 
that the practical operating conditions to which the locomotive 
is subjected must be satisfactorily taken care of. The low-pres- 
sure boiler can and, as development proceeds, undoubtedly will 
be decreased in relation to the high-pressure portion with a gain 
in the overall thermal efficiency of the locomotive. 

The low-pressure section is in reality to be considered as a 
steaming economizer, improving the total efficiency and gener- 
ating a sufficient amount of steam, not only for the use of auxili- 
aries, but a surplus which is delivered, highly superheated, to the 
low-pressure engine cylinders. To increase the proportion of high- 
pressure steam is an approach to a single high-pressure generator, 
which would necessitate the installation of an economizer to re- 
duce the temperature of the gases leaving the high-pressure boiler 
heating surface and also the installation of an air preheater if a 
satisfactory boiler efficiency is to be attained. It would further- 
more induce the probability of scale formation in the high-pres- 
sure boiler, unless some additional means were provided to extract 
the impurities before water is introduced into the high-pressure 
generator. These are conditions that have been given consider- 
able study during the development period, and further installa- 
tions of the Schmidt system will undoubtedly be along progressive 
lines. 


AvuTuHor’s CLOSURE 


After receiving these comments I am more convinced than ever 
that it is the engineer’s task to build the bridge which connects 
all parts of the world where human intellect is at work and to 
unite the efforts of all sincere strivers toward the universal wel- 
fare. 

The discussion has revealed a great deal of highly valuable in- 
formation about current American locomotive practice and about 
the performance of the first high-pressure locomotives in the 
United States. For years I have closely followed up and ad- 
mired the logical and sound way in which the customary limits 
of pressure and superheat were overstepped, and I have to offer 
my hearty congratulations to the designers of these locomotives 
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for what they have attained. High superheat, up to 800 deg. 
fahr. or more, should offer no real hindrance provided no air- 
suction valves are installed in the live-steam line so as to keep 
away the air necessary for combustion from the highly heated 
surfaces of the piston valves. In all our standard locomotives 
built during the last five years, in which we use a higher superheat 
than that attained by the Schmidt locomotive, we have found 
this rule correct, but we had to increase the diameter of the by- 
passes inserted in all our cylinders. This increase in diameter 
serves to keep the cylinder temperature from overstepping 800 
deg. during the continuous compression when drifting on long 
downgrades, but any device for admitting a moderate quantity 
of idling steam should serve this purpose equally well. That we 
do not experience any difficulties in running beyond the ignition 
point of the lubricant, I have tried to explain by the fact that 
as soon as the lubricant enters the piston chamber the fractions 
boiling below the temperature of the lubricated surfaces evaporate 
quickly and drift away with the steam. The remaining constitu- 
ent of the oil consists of all fractions boiling above the superheat 
temperature. Therefore, the superheat can be raised to any 
temperature sufficiently far below glowing temperature of the 
steel; it should be limited only by fuel economy. The economy 
rises with rising superheat notwithstanding the rising exhaust 
temperature up to a certain point; under prevailing conditions— 
i.e., 8.5 to 9 per cent cylinder clearance and 25 to 30 per cent 
cut-off—I think we found the turning point of the efficiency curve 
in simple-expansion cylinders working at usual pressures at some- 
thing between 750 and 800 deg. live steam and 320 to 340 deg. 
exhaust temperature. The reason why the Schmidt locomotive 
did not yield as high a gain over up-to-date locomotives as Mr. 
Kiesel expected is to be found in the fact that the low-pressure 
cylinders were representative of obsolete design; the clearance is 
approximately 12 per cent, the superheat is not even now entirely 
satisfactory, and the distribution gear has been arranged for high 
speed; i.e., for early exhaust and imperfect expansion. This, 
not a bad feedwater heater performance, seems to be the reason 
why the Schmidt locomotive will not compare with modern 
motive power or rather why all recent locomotives mean such a 
considerable step forward toward economy when compared with 
former practice. 

Another question has been raised by Mr. Edmonds as to the 
dryness of the steam generated in the high-pressure boiler. In 
current practice we limit the quantity of steam passing through 
1 sq. ft. of water surface per second to roughly 10 cu. ft., and in 
the case of the Schmidt locomotive (though the far smaller size 
of the steam bubbles at this high pressure point toward a lesser 
percentage of entrained moisture) it was possible to keep the 
steam volume down to one-sixth of the quantity mentioned. 
Therefore, we did not think it necessary to make dryness tests 
by means of a calorimeter, as this apparatus, like almost every- 
thing else, would have had to be developed for high pressures. 
Moreover, the calorimeter only shows ordinary moisture, i.e., 
entrained drops of water or the skin of steam bubbles, never the 
finely spread nebulous moisture. This nebulous moisture, owing 
to its low surface potential, resists dissolution to such an extent 
that we have found it occasionally to pass untouched through a 
superheater pipe undermixed with highly superheated steam. 

The ratio between steam volume and water surface is, in my 
opinion, one of the many problems connected with high-pressure 
steam, which either are to be solved in university laboratories or 
later on by the designer, in the latter case by comparing a number 
of existing boilers and studying their peculiarities. 
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The Balancing and Dynamic Rail Pressure of 


RR-51-5 


Locomotives 


By R. EKSERGIAN,' PHILADELPHIA, PA. 


The problem of counterbalancing for minimum dynamic loading 
and rail stress is a basic-design limitation for modern locomotives 
with limited axle loads. Two methods of balance are ordinarily 
used: static balancing, where the difference in planes of the re- 
volving weights is not taken into consideration, and dynamic balanc- 
ing, where the planes of action are considered as well. As the 
former method is extensively used, the estimation of maximum rail 
pressure with the heavy overhanging revoloing- weights is of con- 
siderable importance. An analysis is made, resulting in formulas 
and general methods for the determination of the maximum rail 
pressure and the corresponding position of the crank for systems 
of revolving weights. Also, a complete outline of balancing methods 
is included. The balancing of the reciprocating parts introduces 
unbalanced vertical components. A general study is made of the 
dynamic effect of the reciprocating parts and revolving parts on 
the locomotive itself, both for two- and three-cylinder locomotives, 
counterbalanced statically and dynamically. Next, comparative 
studies are made of the relative effects when statically and dynami- 
cally balanced for two-cylinder locomotives; that is, as to rail pressure 
and the vibration of the locomotive itself. A similar comparison 
is made of the dynamic loadings for two- and three-cylinder loco- 
motives. A brief survey is made of the nature of rail stress and 
the effect of counterbalance and wheel spacing in augmenting the 
bending moment in the rail. Calculations are included for the 
rail and track loading of a Mountain type, an eight-coupled, and 
a three-cylinder compound locomotive. Finally, a study of weight 
transfer under maximum traction is made, including calculations 
for it with a Santa Fe type locomotive. The appendix contains 
special problems, as the general formula for the vertical thrust of 
the connecting rod on the main pin, and an estimation of revolving 
weight, with experimental methods of determining the constants of 
arod. The general dynamical equation of a locomotive for the fore- 
and-aft and nosing oscillations is also included. The conclusions 
are that the cross or dynamic balance of main drivers should be 
made with modern power and the allowable axle loading should be 
based on the maximum rail and track loading at the average operat- 
ing speeds. 


HE balancing of large modern locomotives is of twofold 

importance, because on the one hand it offers a basic 

limitation in mechanical design and may even affect 
the choice of type for a given service, while on the other hand 
any serious study on rail stress and bridge loading requires a 
complete appreciation of the nature of the dynamic loadings 
imposed by the locomotive. 

In this paper, however, a study will be made mainly from the 
mechanical aspect, in the relative proportioning for and com- 
parisons of the minimum dynamic rail and track loading con- 
sistent with the stability of the longitudinal and angular vibra- 
tion of the locomotive itself, for various methods of balancing 
and for different types of locomotives. Some consideration 
will also be given to other kinds of dynamic loadings. 

At the outset it is important to appreciate that, provided we 


Department, Baldwin Locomotive Works. Mem. 

Contributed by the Railroad Division and presented at the 
Annual Meeting, New York, N. Y., December 3 to 7, 1928, of Tue 
AMERICAN Society OF MECHANICAL ENGINEERS. 


53 


have ample space limitation for counterbalance, a complete 
balance of the revolving parts is possible. A balance of the re- 
ciprocating parts requires an opposed reciprocating system, as 
reciprocating bob weights, or a given combination of reciprocating 
parts, which with a locomotive offers great mechanical difficulties. 
Since, however, a revolving weight may always be de-composed 
into two harmonic components at right angles to each other, we 
may by the use of a revolving counterbalance partially balance 
the reciprocating masses by the component in the plane of the 
reciprocating parts, but always at the expense of a corresponding 
unbalance in the plane at right angles to the plane of reciproca- 
tion. Thus the balancing of a locomotive by revolving counter- 
weights is at best a compromise, unless we can introduce several 
cranks with proper phasing, so that we have a completely op- 
posed reciprocating system. 

In large locomotives a real difficulty is the available-space 
limitation for the counterbalance in wheel centers, so that for 
small drivers, as in freight locomotives, it is frequently impossible 
even to counterbalance dynamically the revolving parts alone, 
particularly for the main driver. Thus a centrifugal couple is 
introduced, due to the revolving parts, which in view of the 
large overhangs causes a large dynamic rail loading. This 
couple increases with the overhang—that is, with the cylinder 
centers—so that in addition to reducing the revolving weights 
to a minimum it is equally important to reduce the cylinder 
centers and the other lateral distances of the revolving weights. 

Assuming a revolving-weight balance possible, the dynamic 
augment depends upon the percentage of the reciprocating 
weights used in the counterbalance. While a considerable 
difference of opinion exists as to the degree of balance required 
for the reciprocating parts, it is, however, possible to maintain 
a constant proportion for different types, depending upon the 
relative mass and polar moment of inertias of the locomotives. 

The unbalanced reciprocating parts set up three primary 
vibrations: (1) a longitudinal oscillation; that is, a translation 
of the locomotive to and fro; (2) a “nosing” or angular vibration 
about a vertical axis in the horizontal plane; and (3) a “pitching”’ 
or angular oscillation about a horizontal axis in the vertical 
plane, due to the offset of the center of gravity of the spring- 
borne parts from the plane of reciprocation. In the three- 
cylinder locomotives with cranks phased at 120 deg. the primary 
longitudinal oscillation and pitching moment are inherently 
eliminated. The nosing moment, however, is not eliminated. 
The degree of reciprocating balancing would therefore in this 
case depend upon the relative importance of the nosing com- 
ponent. 

Two methods of balancing are ordinarily used: static balanc- 
ing and cross or dynamic balancing. In static balancing the 
balance is placed in the wheel opposite the resultant of the cen- 
trifugal effect of the adjacent revolving weights, disregarding the 
different planes of action of the revolving weights. In a dynamic 
balance, however, not only is the centrifugal effect of the re- 
volving weights balanced, but their planes of Action are taken 
into consideration and their moments are also neutralized. 

It is important to appreciate, however, that so far as the total 
vertical loading on the track or the total longitudinal loading in 
a horizontal plane on the locomotive itself is concerned it is 
entirely immaterial whether we cross or statically balance the 
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revolving weights. On the other hand, a static balance of the 
revolving weights introduces an unbalanced varying moment, 
in the vertical plane as well as in the horizontal plane, thus 
setting up an unbalanced couple reacting on the rail and frame. 

In the balance of the reciprocating parts there are likewise 
two methods of balance. In cross or dynamic balancing the 
balancing weights are arranged in the plane of both drivers, so 
that their resultant reduces to an equivalent weight in the plane 
of reciprocation and opposite in phase to the cranks. Since a 
reciprocating weight may be considered as a component of a 
revolving weight, this component may thus be balanced by the 
equivalent revolving weight in the plane of reciprocation, either 
completely or partially at the expense of an unbalanced vertical 
component. In a static balance the balance weight is placed 
in the plane of the driving wheel; that is, there is a single balanc- 
ing weight in the plane of the adjacent driver. The static bal- 
ance is equally effective as cross-balancing in reducing the 
longitudinal and pitching oscillations, but it is not as effective 
in compensating for the nosing moment. Moreover, it is im- 
portant to note that the action of the revolving weights them- 
selves when statically balanced tends to augment the swaying 
moment. 

Actually the space limitation in a driving wheel often results 
in a deficiency in balance, so that in many cases little advantage 
is obtained by direct cross-balancing. In other cases the dy- 
namic augment placed in the main driver for a static balance 
considerably aids in effecting actually a better dynamic balance 
of the revolving parts. 

It is important to differentiate clearly between dynamic 
track loading and rail loading. The former is the gross dynamic 
loading per pair of rails and is not affected by the planes of the 
revolving weights. The rail or wheel loading depends upon the 
centrifugal components and their planes of action. The track 
loading may be nil, while the rail loadings may have high values. 
The track loading affects bridge loadings, while the rail pressure 
sets up stresses in the rail and local superstructure. 

1 Equation for the Dynamic Rail Pressure Due to a Revolving 
Weight. If we consider a single wheel with a revolving weight 
in the plane of the wheel, two important factors must be given 
consideration: (1) Is the centrifugal component the actual road 
loading? (2) In what way does the elastic deformation of the 
rail affect the wheel loading? ; 


Fig. 1 


Let L = journal load including friction at the boxes 

M = total mass of wheel and balance 

m = the mass of the revolving weight located at distance 
r from the journal center 

P = the traction component at the journal 

T; = the friction moment at the journal 

N and F = the normal and tangential components of the 

reaction of the rail 

No= N —L = the dynamic loading at the rail 

w = angular velocity of rotation of the wheel 

@ = angle of the balance from the horizontal position. 
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Then the expression for the dynamic loading at the rail is 


dw 
No = — Mz, + sin — mr con [1] 


Thus two additional components to the centrifugal loading 

d? 

mw*r sin ¢ are introduced. These are the component —M — 
dt? 


or the inertia loading of the wheel, due to the elastic property of 

the rail, and the inertia loading mr cos $7 due to the angular 
or corresponding translatory acceleration of the wheel. 

dw r 

The acceleration r — = — — 

eleration r Rae 

the centripetal component w*r, so that the term due to the 
translatory acceleration of the wheel may be neglected. 

The elastic reaction of the rail is proportional to the de- 

flection y, so that N = ky. Substituting this in Equation [1], 

then 


is always small compared with 


d 
M + ky = mw* sinwi + L........... (2] 


Now the deflection of the rail is a function of both the dis- 
placement along the rail and the time, so that we may write 


y = f(z, t) 
Then 
dy 
dt ox ol 
and 


de” at 
dx 
where v = velocity of the locomotive. 
Equation [2] therefore may be written 
J y = mw*r sin wt + L — 
Let the term | L — Mv? 32?) = kys, where ys is the deflection 


of the rail under an ordinary wheel load L at speed v ft. per sec. 
Then we may write [3] in the simple form 
0? Ay 


M + kAy = mw*r sin wt........... [4] 


dy 
where Ay = y — ys and > = v7 


Thus the centrifugal component of the revolving weight sets 
up a forced vibration of a frequency equivalent to that of the 
rotation of the wheel. The amplitude of the oscillation and the 
corresponding inertia loading are 


mw*r 
= — = A 


Since the maximum inertia loading depends upon the amplitude 
of vibration, we see that unless w?M approaches the value ‘ 
this loading will be small. That is, the condition for large 
inertia loads due to the elasticity of the rail could occur only 
at a speed of rotation corresponding to the natural frequency of 
the system. But the natural frequency of the system is ordi- 
narily very high, due to the relatively large stiffness of the rail k. 
Moreover, if we include the spring-supported parts we actually 
have a system with two degrees of freedom for vertical oscilla- 


A 


= | 
| 
F 


tions, but owing to the large flexibility of the springs compared 
with that of the rail, the loadings due to the oscillation of the 
spring-borne parts are also quite independent. 

Therefore, we have the dynamic rail loading, in a first ap- 
proximation, given by 


2. 
Np = ky — L = mw’*r sin ¢ — Mv? [5] 


for an unbalanced revolving weight of mass m and a wheel weight 
of mass M. 

We see that the dynamic loading depends not only on the 
component of the centrifugal loading of the revolving weight, 
but on an additional loading proportional to the product of the 
wheel on dead axle weight times the square of the velocity and 
multiplied by a factor depending upon the deflection of the rail. 
This latter loading we will term the speed-effect loading? of the 
axle. 


2. 
It is to be noted that the speed-effect loading —-Mv? “ de- 


pends upon the particular configuration or arrangement of wheels, 
o*y 
az? 
which depends upon the deflection of the rail, would be different 
from that of a single isolated wheel loading. 

Since the space rate of variation of the slope of the rail is 
small, this term can ordinarily be neglected. If, however, a flat 
spot or rail irregularity occurs, we have an additional displace- 

ment of the wheel Z. An additional inertia loading —M an 
is introduced. If we approximate the depression by the equa- 


since with several wheels with a given spacing the term 


2 
tion 6 (: — cos . «) where 1 = length of depression, then we 


: 2xv? 2r 
have an equivalent force M6 cos w’t, where w’ = T v. 


Then w’?M more closely approaches the elastic constant k of the 
rail resulting in augmenting the impact loading.* But it is to be 
noted that the loading due to the counterbalance owing to its 
lower periodicity is quite independent of this impact loading. 

A more rigid analysis of wheel loading and corresponding 
rail stress should consider the general differential equation of a 
transverse wave with a loading proportional to the deflection of 
the rail. At the wheel contacts we have discontinued in the 
vertical shear of the rail equal to the dynamic wheel loading. 
The discontinuities of the shear or the dynamic rail loading are 
then more correctly given by 

o*y o*y 


F =N =—M + v? + mw*r sin wt + L.. . [6] 


Fig. 2 


2 Not to be confused with speed effect stress in the rail due to 
moving load. 

3 For further discussion on impact loadings, see ‘Vibration of 
Bridges,”” by S. Timoshenko, Trans. A.S.M.E., vol. 50, no. 13, May- 
August, 1928, paper RR-50-9. 
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where z = vt 

2 Dynamic Rail Loading Due to System of Revolving Weights. 
We will now consider that part of the dynamic rail loading due 
to a system of revolving weights. 


[Nore: This is the proper position for Fig. 2.] 


Let m, m:. .... Mn = the masses of the revolving parts 
Ti, T:.... the radii to their center of gravity 
A ere * = the lateral distances from an arbitrary 


plane taken, say, at the center of axle 
the angles of the radii of the revolving 
weights from an arbitrary reference 
radius 
@ = the angle of the reference radius from the horizontal 
G = the lateral distance between the centers of the rails. 
Then the general expression for the dynamic rail loading is 


w? G G 
N = (¢ 1) sin (6 + m) + mol sin 


G 
(¢ + + i) sin + | [5] 


...-.Qn 


where the upper sign is taken for the right rail loading Nz and 
the lower for the left Nz. We can verify from [5] that 
Ne + Ni = [min sin (6 + a) + mr sin (6 + ae) 


+ MrT n sin + an)] [6] 


That is, the track loading is the sum of the vertical components 
of the centrifugal loadings. 
dp 
so that, differentiating Equation [5], we obtain 


=0 


For the maximum rail pressure, we have 


G G 
mr; (¢ oe cos (¢ + a) + cos (¢ + a) 


G 
MrT n (¢ ate cos + an) = O 


This expression may be reduced to the form 


(mntn + COS an) COS 
1 
+ sin an) sing = O 
1 


so that, for maximum rail pressure, ¢ = ¢n and 


G G 
mT, 2 1 COS ay .... MnTn 2 n COS Qn 
G G 
mr; 2 + L SIN .... 2 + 1, } sin an 


where the upper sign corresponds to the right-rail pressure and 
the lower to the left. 

In a similar way we may obtain the angle corresponding to 
maximum track load by differentiating the Equation [6] and 
then equating to zero. 

For maximum track loading the angle of the reference radii 
makes an angle with the horizontal given by the expression 
= where 


(7] 


tan gn = 


MT; COS ay + Mee COS . MnTn COS ain 
Myr, SID + Mar, SID .... Man SID 


tan = [8] 
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These expressions reduce to a simple form for a two-cylinder 
locomotive with cranks at 90 deg. and statically balanced. 


Fic. 3 

me = revolving weights at cylinder centers 

m,’ = revolving weights at side-rode centers 

me = counterbalance in plane of driver reduced to crank 

radius 

l = eylinder centers 

l’ = side-rod centers 

G = lateral distance between centers of rail 


Assuming right crank leading and making an angle ¢ with the 
horizontal, then 


l+G U+G 
Nr = (m ( ) + mi’ ( ) — sin 
G 2 2 
cos @ | ......[9] 


w 1+G U+G 
Nit =— (m (+) + mi’ Joos 
l’—G 
(m ( ) + mi’ (5*)) sin [10] 


The total loading track is 


Ne + Ni = + m’ — m-) (sin ¢ — cos ¢)} 


In the special case when we have only a static balance m; + 
m;’ = me, 80 that Equations [9] and [10] reduce to 


Ne = = E 1— G) + m/’ (l’ (sin ¢ + cos ¢) 
and Ng + Ni =O 
which considering we now have a system of couples at quadrature 
is immediately evident. 

For the maximum rail loads 


(Nz) max occurs when tan ¢ 


(Nx)max occurs when tan 


1+G 
I—G 
B= 
m + ( ) 


In a special case for a complete static balance 


@ = 45° 


where 


tan ¢ = l, 


so that the maximum rail loading becomes 
| me —G) + — 
V 2G 
while the track loading is obviously nil. 

3 Analysis of Revolving Weights and Dynamic Loading by 
Vectors and Exponentials. In the general problem of balancing 
we deal with centrifugal forces and moments of these forces 
with respect to a given reference plane normal to the axis of 
rotation. The centrifugal forces decompose into couples of the 
same magnitude as the moments and equal forces in the plane of 
reference. Thus the centrifugal loadings resolve into a system 
of vectors in the reference plane and vector products equal to 
the moments of the centrifugal forces with respect to the refer- 
ence plane and normal to their planes of action. The criterion 
of a perfect revolving balance is that the sum of the vectors and 
the vector products is nil. 

In the analytical treatment the vectors are decomposed into 
x and y components normal to the axis of rotation, and we have 
for the condition of balance that 


= O, =M, =O 
where 
DX = cos a LY = sin a 


=M,z = > — sin a, [>My = cos a 


The resultant of the centrifugal loadings decomposes into a 
resultant centrifugal force C in the plane of reference and a re- 
sultant moment M of magnitudes and direction given by 


C = V (2X? + and M = + =M,?) 


Y =M, 
tan = 


tane = 


It is to be particularly noticed that the resultant centrifugal 
force C and moment M are not necessarily at quadrature. 

It can be shown analytically, but it is quite self-evident, that 
a balancing condition requires two planes of balance normal to 
the axis of rotation. The resultant centrifugal force can then 
be resolved into two parallel components in the two planes 
equivalent in action to the single centrifugal force and into two 
equal and opposite centrifugal forces in the balancing planes 
and with their directions in the plane of the resultant couple. 
Combining the two sets of forces gives the resultant forces in 
the balancing planes. Therefore, centrifugal forces equal and 
opposite to these resultants in the balancing planes result in 
a complete balance of the revolving weights. 

It is frequently preferable to compound the moments by taking 
vectors in the lateral reference plane in the direction of the cen- 
trifugal forces; that is, in the plane of the moments. The vector 


S 

| 


moments to be compounded in the reference plane at right angles 
to the axis of rotation have values 


M = mw*r-Z 


and lie in the direction of the centrifugal force mw*r; that is 
along the radius of the revolving weight. Care, however, must 
be used to differentiate between positive or negative moments 
with respect to the reference plane, so that a negative moment 
vector will point directly opposite to the centrifugal force. 


Fie. 5 


We have, therefore, a resultant centrifugal force C and a 


resultant couple M obtained by vectorially adding the forces 
and moments in the reference plate; that is, as in Fig. 5. 


C = and M = 


Let us now consider the resolution of these components into 
corresponding centrifugal forces in the two parallel balancing 
planes spaced at distance b and a + b along the axis of rotation 
from the reference plane. 


(A) 
Fia. 6 
(A, left balancing plane; B, right balancing plane.) 
Then 
b 
tS 
a a 

Cr = Cr: 

a 
and 


Ct = Cu + Crs and Cr = Cm + Cus 
where Cz and Cz are the unbalanced centrifugal forces resolved 
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in the balancing planes. Obviously, a balance requires equal 
and opposite centrifugal loadings in these planes. 

A simple and more direct procedure would be a direct resolu- 
tion of the centrifugal forces in the balancing planes, omitting 
the reference plane. 


Thus any centrifugal force C outside of the plane is statically 
equivalent to (Fig. 7) 


Cand = 


b 
ji b 
a a 


where 


Cre—Ci =C 


while any centrifugal force inside the planes is equivalent to 
(see Fig. 7, h) 


C 


b b— 
Cr = -CandCi = 
a 
where 
Cr CL = 


We then vectorially add the centrifugal component in each 
balancing plane for the total unbalanced component in the 
respective planes, so that 

Cr = and CL = ICL 


This method also lends itself into a very simple analytical 
procedure. 
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Let the centrifugal forces of the revolving weights make angles 
@, @ .... an With the transverse z axis. Then for the right 
balancing plane 


= A,C,; cos a, ALC; COS @.... AnCn COS an 


where 


An = Co and Ca = MaW'ra 


| c G 
| R 
| 
G (a) 
! 
| 
ay: 
OZ. 
| 
lef Right 
' 
ad | 
G2 
~ s 
| 
Ch 
(B) 
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and the resultant unbalanced component is 


ZY 
Re = + ZY and tan og = —— 


For the left balancing plane 
= —B,C; cos a, — cos az .... —BnCn Cos an 
= —B,C;, sin BC, sin Ge —B,Cn sin an 


Zn —aa 


B. = and Cn = mnaw*rn 


and the resultant is, as before 


R, = V (2X21? + and tan aor = 


Fie. 9 


Thus with a two-cylinder locomotive if the resultant revolving 
weights have a lateral spacing then the condition for a perfect 
balance, where the balancing planes are spaced a distance G, is 


mr + (Ge) 


mw*r 
R= — 
2G 


where R makes an angle with respect to the adjacent crank 
given by 


In a three-cylinder locomotive with cranks phased at 120 deg. 
usually the counterbalance for revolving weights of the middle 
cylinder is placed opposite the center crank in order to reduce 
the stress in the axles. The balance in the wheels, therefore, 
is that required only for the outside cylinders. With right 
crank leading left, the resultant to be balanced in the right wheel 
is divided into: 

(a) The component in the plane of wheel or balance due to 
G 


along right crank. 
(6) The component in the plane of wheel due to the left crank 


l 
the adjacent outer right crank mw*r 


mw*r opposite left crank. 


2G 
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Therefore, the components along and normal to the adjacent 
right crank in the plane of balance are 


l+G I—G 
2G 2G 


120° 
m sin 


so that the resultant is: 


ZX = mw* | cos 120 | 


= 


R = mu” + G with tan 
2G +/3(l — G) 


Estimation of Rail Pressure by Vectors. We may verify 
Equations [9] and [10] in the following manner: 
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The effects of the right-hand revolving weights, reduced to 
the plane of the right wheel, are 


1+G 
mut ( 3G ) slong OA for 


putt +9 
mute ( 3G ) slong OA for m 


The effects of the left-hand revolving weights, reduced to the 
plane of the right wheel, are 


— mat ( 2G ) slong 08 form 


— along OB for m:’ 


In addition, we have the action of the counterweight in the 
plane of the right wheel opposite to OA; that is 
— m.w*r along OA for me 


The resultant centrifugal effect in the plane of the right wheel 
is therefore 


wr 1+G ,(U+G 
(£2) me ( )| mG = Foa along OA 


1—G ’—G 
(59) + m’ = Fgo along BO 


The resultant R = V Pos + F%go leads the crank OA by a 


where 
a 
| 
: | | \o 
-G-------- 
= 
ang | 
| 
_, 
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Thus we have an equivalent centrifugal force R in the plane of _ $=2 

the wheel which when vertically down gives maximum rail =M = w? Lamere5 © + ¥/2) 

pressure. Inasimilar way we estimate the equivalent centrifugal S=1. 

force in the plane of the left wheel. The degree of wheel un- ae 

balance, or the dynamic augment, is equal to the equivalent i o ' 

centrifugal force in the plane of the wheel. = ju? , amare = O running balance 


PROCEDURE BY THE USE OF EXPONENTS FOR REVOLVING BALANCE 


A powerful method for calculating the inertia reaction of 
rotating masses is by the method of representing their rotation 
vectors by exponents. 


y! 


x 


Axis of Shaft =OX 


Fig. 11 


We have for any centrifugal force of a rotating mass 


d? 


since the displacement of m is re4®. Therefore 
F = mw*re/® exponentially (Fig. 11A) 
Its moment about the axis O is 
Fr = (Fig. 11B) 


The direction of the moment is determined by its vector prod- 
uct; that is, [F-z]. We might also represent the vector product, 
which is perpendicular to the plane of the force F and the axis 
of rotation z, by rotating the variable vector F through 90 deg. 
Therefore, when referred to a common axis of rotation, the 
moment can also be expressed exponentially in the form 


M = [F-z] = + */2) 
= rmw*re?®. ¢ */2 = jrmwre/® 
Therefore, the conditions of equilibrium—that is, a revolving 


balance—are 
1 The vector sum of the forces F are nil; that is 


S=n 
= O static balance 
=1 


=F = w* 


2 The summation of the moments referred to any point 
along the axis, or the vector product of the force vector and its 
distance from the point of moments, is nil; that is 


Thus with three cranks at 120 deg. phase with each other, 
with equal masses and throws, then 


DSF = w*mr(e4® + + 4/3m)) 


w*mret®(1 + ej (2/3) + ef (4/3n)) 


w*mre®(1 + cos 120° + j sin 120 + cos 240° + 
j sin 240) 


The process of calculations is identical for moments; in other 
words, for a balance the real and imaginary parts of the ex- 
pressions must be nil. 

The resultant of several revolving weights will appear in the 
form 


= + 5B) = w*Rei 


where ¢ is the angle of advance, referred to the reference phase 
crank at angle 6 with OZ, and 


B 
tan“) 7 and R =A+jB 


= 
A = aymr, + .... AnMaTa 
B= bmn bomere écon 


where a and b are numerics, r = crank throw, and m the re- 
volving mass. 
The expression for the resultant moment is likewise 


M = +*/2) (4’ + jB’) = + + 
jw*R’eI@ + ¢’) 
where ¢’ is the angle of advance, referred to the reference phase 
B’ 
crank at angle ¢ with OZ, and ¢’ = tan™ 7" R’ = A’+ jB’ 


B’ = + be’ cers 


where as before a’ and b’ are simply numbers. 

Therefore, for a balance we must apply an equal and opposite 
force and an equal and opposite moment M. 

As an example we will consider the moment effect of the re- 
volving parts alone of a three-cylinder locomotive, with a central 
inside crank. 

We will take the moments about the center line of the engine; 
that is, at the center of the inside crank. 

Since the throws and masses are all the same, we have, if 
© is the phase angle of the middle crank from the horizontal, 
that 


M = w*mr (ef (@ + 2/3n)) 


= wmr ¢ — j 
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but, 


3 
= cos 120 + jain 120 = — +5 42 


3 
e— 32/3" = cos 120 —j sin 120 = — 1/,; —j \: 
= cos +jsin® 
so that, on substituting, we have 
l 
M= (cos © + j sin @) 


Therefore, considering the real parts, we have 


M = mut sin 0 
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The maximum moment occurs when 6 = 90°; that is, when 
the inside crank is as shown. The nosing moment from ele- 
mentary considerations is for this position evidently 


l 
mw*r cos 30° «1 = mot 


which checks the foregoing analysis. 


Dynamic EFFEcT OF THE RECIPROCATING PARTS AND REVOLVING 
PaRrTSs ON THE LOCOMOTIVE ITSELF 


The disturbing inertia forces of the mechanism of a locomotive 
are due to the kinetic reactions of the reciprocating parts. Since 
the introduction of balancing components by the use of revolving 
balance introduces unbalanced components normal to the plane 
of reciprocation, the real problem of balancing is to effect the 
best compromise for the least dynamic loading at the rail con- 
sistent with the maximum allowable disturbing effect of the 
unbalanced reciprocating parts. Obviously this depends upon 
the proportion of the reciprocating masses to that of the total 
mass and polar moment of inertia of the locomotive and cylinder 
centers. 

In a cross or dynamic balance of the revolving parts the 
action of the reciprocating parts may be considered separately, 
so far as the vibration of the locomotive itself is concerned. 
The dynamic augment is then the additional balance in the 
wheel required to partially balance the reciprocating parts and 
augments the required balance for the equilibrium of the re- 
volving weights. 

In a static balance, however, the total fore-and-aft effect of 
the revolving weights is nil, just as in the vertical loading the 
total track loading is unaffected by the difference in planes. 
In considering the nosing moment of a locomotive, however, 
it is important with a static balance to consider the additional 
nosing due to the out-of-plane action of the revolving weights. 
Thus with a static balance the reciprocating nosing moment 
is augmented by the action of the revolving parts. 
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Considering the right crank leading left and making angle 0, 
in a two-cylinder locomotive, if 


w = angular velocity of the cranks 

mM, = mass of reciprocating parts 

= revolving weights at cylinder centers 

m' = total revolving weights at side-rod centers 

counterbalance component for revolving weights in 
plane of wheel 


Mes = counterbalance component in plane of driver for 
reciprocating parts when statically balanced com- 
ponent 

Mea = equivalent counterbalance component in plane of 


reciprocation required for reciprocating balance 
when cross-balanced 
cylinder centers 
L’ = side-rod centers 
lateral distance between plane of balance when 
statically balanced 


rwrcosé 


sine 


| my wr 
} L G | BL 


| 
tT” 


Mea cos cos (m,+m,)w*r cos 
(A) (B) 
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(A, cross, or dynamically balanced; B, statically balanced.) 


Then the fore-and-aft shaking force is 


— mea)w*r (cos + sin @) (cross-balanced) 
(1m, — ™Mcs)w*r (cos + sin O) (statically balanced) 


since ™r = m + mi’ and the tangential reaction at the base 


of the drivers is nil. 
The nosing or swaying moment is 


L 
(m, — Mea) 5 w*r (cos 8 — sin 8) cross-balanced 


L G 
— (cos — sin @) statically balanced 


= (m + m)L + 
Me = M, + m + m,’ 
Me = Mer + Mes ANd Mer = Mm + mM,’ 

It is frequently more convenient to separate the nosing moment 
due to the reciprocating parts and their corresponding balance 
from the additional nosing moment due to the revolving parts 
and their balance. 

We then have for the nosing moment with a static balance 


Mp = (sot) (cos 8 — sin @) 


(x — G) + m'(L’ —G) 


2 


) X (cos 8 — sin 0) 
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The maximum force occurs when sin @ = cos 9, or tan 
0 = 1; that is, at angle @ = 45°. 

The maximum nosing moment occurs when — sin 0 — cos 
06 = 0, tan6 = —1; that is, at an angle = 135 deg. That 
is, the condition for maximum fore-and-aft vibration is repre- 
sented by the cranks as in Fig. 14 and the maximum nosing as 


in Fig. 15. 


Right 
Fie. 15 
(Maximum nosing.) 


The maximum shaking force is therefore 


— mca)w*r and — Mcs)w*r 
and the maximum nosing moments are 


w*Lr 
(mp — Mea) V2 and (mgL, — mG) 


wr 


v2 


for a dynamic and static balance, respectively. 
The importance of the vibration, however, also depends upon 
the relative mass and polar moment of inertia of the locomotive. 
If M = the mass of the locomotive 
I = the polar moment of inertia about a vertical axis 
through the center of gravity. 
Assuming approximately a uniform distribution of weight 
with the locomotive as a rectangle of breadth b and length h, 
then 


Ww 
dine 2 2 = 
et (b? + h*) where g = 32.2 


The fore-and-aft vibration is given by 


d*z 
(m, — m-a)w*r (cos + sin 0) = M 


Integrating, we find, since w = = 


dx (m, — me)wr 


(sin — cos + V 


x = — (cos — sin 0) + Ve 


and therefore the maximum amplitude of the fore-and-aft 


lx 
vibration is (tat is, when = =O 


~_= V2 r statically balanced 


For the nosing oscillation, we have 


e 
(" ; m ‘) Lw*r (cos — sin = I cross-balanced 


mG d*p 
(cos 8 — sin =] statically balanced 


2 


Integrating, we have 


de (m, — mea) Lwr 


tea ry, (cos 8 + sin @) cross balanced 


dp  (mglg — mG) 

dt 21 

— mea) Lr 
2I 


Ly — mG 
in —— r (sin © — cos @) statically balanced 


wr (cos 8 + sin @) statically balanced 


and ¢@ = (sin @ — cos @) cross-balanced 


and the corresponding maximum amplitude occurs when ae 0, 


so that 
(m Mea)Lr 


21 
_ — mG) 
21 


Thus the fore-and-aft vibration depends only on the per- 
centage of unbalanced reciprocating mass to the total mass of 
the locomotives, while on the other hand the swaying or nosing 
oscillation depends upon the ratio of the unbalanced moment 


| 


sin@ 


= cross-balanced 


statically balanced 


Center of Gravity 


_-mw *rcosé 
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of the reciprocating parts to the moment of inertia of the loco- 
motive. The former component depends only on the masses, 
but the latter depends upon the configuration of the locomotive 
as well. Long wheelbase locomotives have their nosing con- 
siderably reduced over that of a short wheelbase type. 

In an articulated construction, as in the Mallet or Garratt 
type of locomotive, the front unit is free from the boiler. The 
nature of the nosing of the front unit is of interest. In a first 
approximation we will assume the nosing of the rear unit and 
boiler which is rigidly attached to it is of small order. 


{Nore: This is the proper position for Fig. 16.] 
Let M; = the mass of frame, etc., of front unit 


I; = polar moment of inertia of frame about its c. of g. 
1 = distance from boiler support to hinge joint 
c = distance to center of gravity from hinge joint 
F = friction force at front boiler support 
R_ = lateral reaction at hinge induced by the nosing 
vibration 
Then 
L 
(m, me)wr 5 (cos 8 — sin 6) — F(lI— c) — Re = I; 
d*p 
R—F = Myc a 
so that 
L 
(m — me)w*r Fy (cos 8 — sin 0) — Fl = (M,C? + Jj) a 


Thus we see that the effective moment of inertia of the front 
unit is considerably increased by the lateral restraint of the 
hinge joint and that the unbalanced moment is decreased by 
the lateral friction moment of the front boiler support about 
the hinge. Therefore the nosing oscillations at the front unit 
are not so severe as one might at first suppose. 

Three-Cylinder Locomotive. With three-cylinder types we 
find two methods of crank phasing used, cranks at 120-deg. 
spacing and split-quadrant phasing. The latter offers advantages 
in an even exhaust for three-cylinder compounds and in a general 
reduction in side-rod loadings for either simple or compound. 
The uniformity of torque, however, is not as satisfactory as 
with the three-cylinder at 120-deg. crank phasing. 

With cranks at 120-deg. phasing the fore-and-aft force is nil, 
as can be shown from the expression 


mw*r cos 8 + mw*r cos (0 — 120) + mw*r (6 — 240) = O 


The nosing moment, with outside right leading outside left, 
is given by the expression 


w*r (cos — cos (0 —120)) staticbalanced 
and 

(m — Mea) L 
Mp = i on il w*r (cos @ — cos (8 — 120)) cross-balanced 
where 


mole = (mr + m)L + m'L' 


mp = +m + = + Mer 
Now 


3 
cos 8 — cos (6 — 120) = 3/2 cos 6 — V3 ine 


so that the maximum nosing occurs when 


sin 0 — V3 00s 0 = 0, tan® = ——= 
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or with right crank at 150 deg. from the forward dead point. 
Therefore the maximum nosing moment is 


v3 


M = (m@L¢ — m-G)w*r static balanced 


= (mr — mca)w*r dynamic balanced 


These relations may readily be shown graphically. Thus we 
may always assume the effect of a reciprocating mass as equiva- 
lent to the component of a revolving weight projected in the 
plane of reciprocation. It is therefore evident that with cranks 
at 120-deg. phasing the projected components of revolving 
weights at these crank angles is nil. 


Fic. 17 
(Shaking force nil.) 


Thus, mw*r (cos 8 + cos (9 — 120) + cos (6 + 120)) = O 

On the other hand, for the nosing moment we have only to 
consider the moments of the outside cylinders, which are phased 
at 120 deg. apart. 
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The maximum nosing is obviously 
mw*r cos 30°-L = 


With split-quadrant phasing of the cranks of a three-cylinder 
locomotive, the outside cranks are arranged at quadrature and 
the inside crank is placed opposite to the bisector of the quadrant 
of the outside cranks. It is easy to see that there is now intro- 
duced a small unbalanced shaking force, since 


mw*r(cos 8 + cos (@ — 90) + cos (@ — 225)) 


= = mw*r(cos 6 + sin @) 


V2 


This reaches a maximum when tan 6 = 1, or @ = 45°, or 
225°, so that the maximum shaking force is 


0.41 mw*r 


On the other hand, the nosing moment is reduced over that 
in 120-deg. crank phasing, since 


' 
' 
| 
6-120} 
6 
4 
’ 
b 
30° | 
0 
b 0 


L 
Mp = mw*r 3 (cos 8 —- sin @) 


with a maximum value the same as with any two-cylinder 
locomotive of the same reciprocating weight. 

Thus we find the total unbalance of three-cylinder locomotives 
whether split-quadrant or 120-deg. phasing practically the same. 
It is further important to note that in locomotives with long 
wheelbase and corresponding large polar moments of inertia 
there result small angular oscillations. Since the fore-and-aft 
vibration is practically nil and the nosing oscillations small, 
the resultant vibration due to unbalanced reciprocating masses 
is considerably reduced over two-cylinder types. For this 
reason a much smaller percentage of reciprocating balance can 
be used for three-cylinder types. In fact, with sufficient size 
wheel centers for effective cross-balance of the revolving weights, 
the three-cylinder type offers a very complete balancing and 
thus permits a considerable increase in static rail load over the 
two-cylinder type. 

We will now consider the general relations for the actions of 
the reciprocating parts for any number of cranks and with the 
planes of reciprocation for some of the cranks inclined to the 
horizontal. In the locomotive problem we will consider only 
the primary harmonics, which is equivalent to neglecting the 
obliquity of the connecting rod. 

We can readily visualize the resolutions by considering the 
reciprocating forces as projections of revolving weights in the 
plane of reciprocation. When the reciprocating masses re- 
ciprocate in the same plane, then if a, a2, ete., are the lags of 
the several cranks from the leading crank making an angle 6 
from the dead-center position, then the unbalanced resultant 
has a magnitude 


F = mw*r, cos + mw*r, cos (0 — .... MaWw*rn cos (8 — an) 


and the unbalanced moment with respect to any transverse 
reference plane is 


Ma = cos 0 + cos (0 — a) .... 
MnW nl, cos (8 — an) 


so that the position of the resultant disturbing force from the 


M 
reference plane is at a distance 1 = zn Or we may consider 


an unbalanced force F in the plane of reference and reciprocation, 
together with a couple F-1 = Ma in the plane of reciprocation. 

When the planes of reciprocation, however, make angles 
Bi, B2, ete., with respect to the plane of reciprocation of the initial 
crank 
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with cranks phased by crank angles a, a: .... an with respect 
to the initial crank, then, if we consider axis along and normal 
to the initial reciprocating plane, we have 


=X = cos + mw, cos (8 — a; + cos fy, ete. 
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= myw*r, cos (0 — a, + sin + m3w*rs cos (8 — ay +2) 
sin fo, ete., 


so that the resultant unbalanced force is 


>} 
R= DX? + ZY?) with an angle ¢ = tan~ Sx 
with respect to the initial plane of reciprocation. 

For the moments we consider these resolved into planes 
OXZ and OYZ with respect to any transverse reference plane 
perpendicular to the OZ axis. If the reciprocating forces lie 
at distances 1, l,, etc., from the reference plane along the OZ 
axis, then 


= cos + cos (8 — a; + cos fi, ete. 


= mw rl, cos (8 — a, + sin B + cos (0 — 
+ B:) X sin 
so that the resultant moment is 


M = V/(2=M,? + =M,?) with its plane of action making an 
angle 


‘ = 
=M, 


We may consider this resolution as an unbalanced force R 


making an angle @ = tan~ x in the plane of reference together 


with a couple M making an angle ¢’ = tan! ; 
Me 

This .theory, however, is not entirely applicable to the in- 
clined-cylinder locomotive because of the fact that a great part 
of the locomotive is spring-suspended, so that the vertical com- 
ponent affects locally the particular driving axle which is con- 
nected to the reciprocating parts of the inclined cylinders. 

The horizontal component, however, has its full effect on the 
locomotive, and the equations for =X and 2Mz may be applied 
directly for the fore-and-aft and swaying moments, respectively. 
We note 1, lh, etc., are the lateral spacings of the cylinders. 

On the other hand, the vertical components ZY and =M, 
affect locally the particular driving axle, which are coupled with 
the reciprocating parts under consideration. =Y augments 
the total track loading of the individual driver and 2M, aug- 
ments the lateral moment owing to the difference in planes of 
the revolving parts of the particular axle. 

In the three-cylinder locomotive we find the middle cylinder 
inclined, while the outside cylinders are horizontal. Then 


=X = mw cos 8 + mw*r cos (6 — 120) 
+ m;w*r cos (6 — (240 + 5) + :) cos B 


L L 
= mw cos 8 — mw?*r cos (@ — 120) 


since moments are taken about the middle cylinder, which has 
no effect on the swaying of the locomotive. 

Since 8 is small, cos 8 = 1 approx., and if the crank is dis- 
placed backward 6 = 8, the horizontal reaction =X on the fore- 
and-aft vibration is nil. Thus by setting the crank back equal 
to the inclination of the cylinders, we can treat the central 
cylinder in a horizontal plane. 


ComPARISON OF StTaTIC AND Dynamic BALANCING FOR Two- 
CYLINDER LOCOMOTIVES 


For purpose of analysis we will completely differentiate the 
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balancing of the purely revolving parts from the partial balance 
for the reciprocating parts. 

The advantage of cross-balancing for the revolving parts is 
particularly evident for main drivers with large overhangs, 
but to a considerably less degree for the coupling drivers with 
their smaller overhangs and lighter revolving loads. 

The distinctive feature of cross-balancing compared with 
static balancing is the increased counterweight in the wheel 
and the angling of the balancing for the former. Both are of 
nearly equal importance in effecting a proper dynamic balance 
of the wheels. 

A complete cross or dynamic balance of the revolving parts 
of course gives no variation of the rail pressure over the static 
loading. Therefore the maximum reduction in rail pressure 
over a static balance is the dynamic loading on the rail due to 
a static balance. To estimate this load we must calculate the 
resultant lateral spacing of the revolving weights to be balanced; 
that is, the center of gravity of the weights at cylinder and side- 
rod centers. 

As a typical case we will consider revolving weights equal to 
1040 lb. at cylinder centers at 93 in. spacing and 960 Ib. of re- 
volving weights at side-rod centers at 77 in. spacing. Therefore 


“ad 1040 X 93 + 960 X 77 
2000 
We will assume for simplification that the plane of the balance 
is in the plane of the rail and wheel at a spacing of 60 in. 


= 85.5 


a 


Then for the dynamic rail loading of the right wheel due to 
static balance, we have OA = OA’ for the right and left revolving 
weights = 2000 lb. The static balance in the plane of the wheel 
is OR = 2000 lb. Then for the unbalanced components reduced 
to the plane of the wheel for the right and left cranks 


85.5 + 60 
CD = | ——— ) 2000 


85.5 — 60 
BD = ( ———— 2000 


The dynamic loading at the rail is then, due to a resultant 
weight in the plane of the wheel, equal to the vector sum 


2425 lb. 


OB 


425 lb. 


oc 


OE = OD +OR = OB + OC + OR 3X + ZY 
where =X = OB —OR = 2425 — 2000 = 425 lb. 
= OC = 425). 


R = V (2X? + SY*) = 600 bb. 


42 
B= tan- = 45° leading right crank 
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Ne = ~ for dynamic loading 
This may be verified by the expression 


wr 
Ne = [mi(l — G) + m’(l’—G)]  (Ib.) 


where 


mi = m= = 93, = 77, = 00 


It is important to note that for a complete static balance of 
the revolving weights the maximum amplitude of the dynamic 
rail pressure leads the right crank by 45 deg. and is independent 
of the magnitude of the revolving weights. The out-of-plane 
condition with a static balance, however, does not affect the 
total crank loading. 

The required effective balance in the wheel for a complete 
cross-balance is 


OD’ = OD = V (2425? + 425%) = 2465 lb. 
425 
a tan 5 9°-9 


This is an increase of approximately 25 per cent in the counter- 
weight in the wheel over that used in a static balance. 

With a 63-in. wheel the maximum counterweight available 
at crankpin radius is approximately from 2900 to 2800 lb., 
leaving a net balance in the wheel center around 2400 lb. Thus 
a 63-in. wheel is the smallest diameter for a dynamic revolving 
balance for the revolving weights considered. 

An important case is the degree of balance when a static 
balance is used and then additional counterweight is added for 
compensating a percentage of the reciprocating parts without 
angling the balance. We will suppose first that this additional 
balance just equals the difference between the dynamic and 
static balance weights. 

In other words, we will consider the effect on the rail pressure 
of angling the balance alone, since in the foregoing case no 
obliquity of the balance would be given. 

Then, from Fig. 20 


=X = OB —OR = OB — OD = — 40 
ZY = OC = 425 


R = V (425? + 40%) = 427 lb. 


The reduction in pressure by weighting the wheel but not 
angling it amounts to 29 per cent. 

To estimate the importance of the angling feature, let us 
estimate the required static-balance weight correctly angled. 
In this case we have 


R = OD —OA = 2465 — 2000 = 465 lb. 


The reduction in pressure by correctly angling the counter- 
balance for the static weight gives a saving of 22.5 per cent. 

Thus we see that both the features of the angling of the balance 
and of its increased weight are of importance. The increased 
weight of balance to take care of the reciprocating parts when 
a locomotive is statically balanced improves the dynamic balance 
for the main driver, but at best cannot be expected to reduce 
the rail pressure by more than 30 per cent, unless this balance 
also is angled. a 

So far we have assumed the wheel centers large enough to 
take care of the revolving balance. With the smaller wheels 
as from 57 in. to 63 in. in modern power, a complete static bal- 
ance alone is difficult in the main wheel, due to the limitation 


= 
: 
= 
oD 


for the available counterweight and the heavy revolving weights. 
Js there then any advantage in angling the balance for such 
cases? 
Let A 

B 


the required counterbalance component opposite pin 

the quadrant counterbalance component for balancing 
other side 

M = the maximum possible counterbalance that can be 

obtained in the wheel. 


ll 


Suppose for the most conservative estimate the required 
angle is but 7'/, deg.—it may be considerably greater—and let 
M be about 80 per cent of A; that is, a deficiency in balance 
around 20 per cent for a correct cross-balance. 


V (A-M) 7B? 


AM 
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Vector A is directly opposite the pin; hence, in the ordinary 
static balance M is placed in phase with A. Hence, in the 
direction A the unbalanced component is A — M, which com- 
bined with B at right angles gives 

R’ = V((A —  M)?+ B*) for the total unbalanced load in 
the plane of the wheel. 

Placing the balance in the correct angle gives for the un- 
balanced component 


Vv (A? + B*’) — M = R’ 


With an ordinary static balance the unbalanced load with 
M = 0.8A, and B = A tan 7'/,° = 0.13174, is 


= V/((0.2A)? + (0.132A)?) = 0.244 
By cross-balancing, the unbalanced load is 


R" = (V (A? + B*)) — M = 1.013A —0.7A = 0.213A 


Therefore the reduction in rail pressure is 


R'—R" 0.24—0.213 
R' 0.24 


= 11.25 per cent 


With a larger wheel and a closer approach to the required 
cross-balance weight, the gain in cross-balancing the main driver 
becomes greater. Consider now the error introduced by not 
angling the balance, but on the other hand increasing the counter- 
weight consistent with that for a dynamic balance. This virtu- 
ally is the condition with a static balance and additional counter- 
weight for balancing a percentage of the reciprocating parts. 

Let the angle of balance be 7'/, deg., then B = 0.132A and 


M = V(A? + BY) = 1.09A = R. 


Then disregarding the angle, the unbalanced weight is 


AR = /((M — A)? + B*) = A VV 0.09? + 0.1322) = 0.16A 


so that the dynamic augment resulting from not angling the 
balance amounts to 
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0.16 
ty 0.147, or 14.7 per cent 


of the required counterbalance. 

We will now make a study of the comparison for static and 
dynamic balancing of the reciprocating parts. We may proceed 
from two points of view: 

1 On the assumption that the percentage of swaying moment 
counteracted is the same for both cross-balance and static 
balance. This condition of course does not imply the same 
percentage of fore-and-aft balance of the reciprocating parts. 
For the same percentage of swaying counterbalancing, the equiva- 
lent balance is decreased by cross-balance and therefore the fore- 
and-aft vibration becomes greater. 

2 On the assumption that the percentage of the total counter- 
acting balancing force in the fore-and-aft direction is the same. 
This implies that the dynamic augment in the wheel for the re- 
ciprocating balance is actually increased by cross-balance over 
a static balance. 

These represent the extreme conditions. Since the swaying 
vibration is reduced by using the same balance in the wheel, 

he total vibration is thereby reduced. We are therefore justified 
in some reduction of the reciprocating balance in the wheel if 
we cross-balance for the reciprocating parts. 

It is evident that the reduction in rail pressure in case 2 by 
cross-balancing is due mainly to the feature of a dynamic balance 
of the revolving parts alone. 


Dynamic AUGMENT FOR RECIPROCATING Parts ALONE 


For case 1, for the same percentage of swaying couple balance 
we note with a 50 per cent balance of the reciprocating parts— 
Required wheel weight for cross-balance of reciprocating parts 


+/ (93? + 602) 
93 x 


and this is approximately equal to the dynamic augment at the 
rail. This amounts to a saving in rail pressure for the same 
nosing stability of 15.8 per cent and is independent of the per- 
centage of the counterbalance for the reciprocating parts used. 

The saving in total track or bridge loading is even greater. 
The inclination of an equivalent balance for cross-balancing 
the reciprocating parts alone is 


0.5 X w = 0.421lw 


Therefore the total increase of track load is 


L = 2 X 0.42w cos 57.2° = 0.456w 
as against for the ordinary balance 
@ L’ =2 X 0.5w cos 45° = 0.707w 
But it is to be noted this method of balancing results in the 


fore-and-aft vibration being increased in the ratio 
(1.41 — 0.456) w 0.954w 1.35 
(1.41 —0.707)w 0.707 


For case 2, for the same fore-and-aft balance, the required 
equivalent balance for cross-balancing is 0.5w and the same for 
the ordinary static balance. 

For cross-balancing, the wheel balance and corresponding 
dynamic augment causing rail pressure are 


V (93? + 60*) 


60 x 2 


0.5 X w = 0.655w 


tod 
4, 
} 
— 
A | 
A | VA?B?-M 
| | 
| | 
| x 
B 
— 93 + 60 
a = tan~! ————. = 12.2° 
93 — 60 nie 
‘te 
j 
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Thus for the same fore-and-aft balance, cross-balancing actu- 
ally increases the wheel loading by 1.31, or 30 per cent. On 
the other hand, the nosing moment is considerably reduced. 
The unbalanced nosing moments are 


w v? w v? 
0.707(93 — 0.5 X 60) — - = 44.5 — — for static balance 
gr g r 


w v? w v? 
0.707 X 0.5 X 93 — — = 32.9 — — for dynamic balance 
gr gr 


Thus for the same fore-and-aft balance the nosing moment is 
reduced by 26 per cent in cross-balancing. 

The preferable balance is a compromise between these extreme 
conditions. Thus a cross-balance with a wheel weight the same 
as in a static balance of 0.5w would give 

For the dynamic augment, 0.5w 

For the maximum unbalanced fore-and-aft force (Ib.) 


w v? 
— = 0.87 — (lb.) 
r gr 


~ 
= 


E —2 X 0.5 cos (45° + 2) | 


where 
ae 93 + 60 
93 — 60 


a = tan = 12.2° 


For the maximum unbalance swaying moment (in-lb.) 


xX 93 — 0.5 X 60 X cos (45° — 
gr gr 


(in-Ib.) 


Statically balancing with the same wheel weight results— 
For the unbalanced fore-and-aft force (Ib.) 


w v? wv? 
{1.41 — 2 X 0.5 cos 45 deg.] — — = 0.707 — — (Ib.) 
gr gr 
For the unbalanced swaying moment (in-lb.) 
» 
[0.707 X 93 — 0.5 X 60 X cos 45 deg] = (in-Ib.) 


Thus we see that the compromise cross-balancing results in 
an increase of 23 per cent in the fore-and-aft vibration, but with 
a corresponding reduction of 9 per cent in the swaying moment, 
over that of a static balance for the same dynamic augment and 
rail pressure. 

It is therefore apparent that little or no gain is effected by 
cross-balancing for the reciprocating parts so far as rail pressure 
is concerned. There is, however, some reduction in the track 
loading by cross-balancing. 

The track loading for cross-balancing is 


2 wr? 
Le = 2 X 0.5 cos (45° + a) — — = 0.542 —— (Ib.) 
gr gr 
.as against for static balancing 
2 
= 2 X 0.5 X cow-45° — — = 0.707 — — (Ib.) 
gr gr 


This amounts to a reduction of 23 per cent in the dynamic 
augment track loading for the balance of the reciprocating parts 
by cross-balancing. 

If the decrease in nosing is to exactly compensate the increase 
in fore-and-aft vibration by cross-balancing as compared with 
a static balance, then we may equate the percentage increase 
in the fore-and-aft vibration with that of the corresponding 
percentage decrease of the nosing moments and solve for the 
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factor to be multiplied with the reciprocating static balance, 
in order to obtain the equivalent reciprocating dynamic balance. 
Let ks = percentage of reciprocating parts balanced when 
balanced statically 
kp = percentage of reciprocating parts balanced when balanced 


dynamically. 
Then in a static balance the fore-and-aft vibration is propor- 


tional to 
— 2k, cos 45 deg.)w = (1 — ke) V 2w 
while the nosing moment is proportional to 
0.707(L — k.G)w 
For a dynamic balance we have 
(1 — ka) V/2w for the fore-and-aft vibration 


and 0.707(1 — ka)Lw for the nosing moments. 

Then, equating the percentage increase of fore-and-aft to 
percentage decrease of nosing when balanced dynamically over 
that balanced statically, we have 


1—ke 1 (1 — ka)L 
1—k L—kG 


from which we obtain 


Thus in the previous example with k, = 0.5, L = 93, and 
G = 60, we have kg = 0.425. This requires in cross-balance 
a wheel balance of 


1.305 X 0.425w = 0.554w 


which is also practically the dynamic augment at the rail. 

Therefore by cross-balancing the reciprocating parts and 
maintaining the same degree of unbalanced as in a static balance 
for this case the rail load is increased by approximately 10 
per cent, while on the other hand the track loading is decreased 
by 15 per cent. 

In conclusion we see that the gain in a reduction of the total 
dynamic loadings by cross-balancing for the reciprocating parts 
alone is at best small compared with cross-balancing for the re- 
volving parts, particularly in the main driver. This points 
toward the fact that for coupling drivers where the out-of-plane 
condition for the revolving parts is relatively small cross-balanc- 
ing for either the revolving or the reciprocating parts is of minor 
importance. 


ComBINED Errect oF REVOLVING WeEIGuTs WITH 
RECIPROCATING Parts 


The fore-and-aft vibration of the locomotive is unaffected 
by the revolving parts alone when balanced either statically 
or dynamically. That is, so far as the fore-and-aft vibration 
is concerned, it is entirely immaterial whether we cross-balance 
or statically balance. 

The nosing moment is also unaffected for a cross-balance of 
the revolving parts. On the other hand, a static balance ma- 
terially increases the nosing moment. 

We have seen that whether we statically balance or cross- 
balance the reciprocating parts alone, it is fairly immaterial so 
far as the resultant vibration of the locomotive is concerned. 

The reduction in nosing moment by cross-balance permits a 
lower percentage of reciprocating balance. But it is always 
important to observe that this reduction increases the out-of- 
balance condition for the fore-and-aft vibration. We may 


q 
5? 


compromise by equating the reduction in nosing to the increase in 
fore-and-aft vibration. 
Let ks = percentage of reciprocating balance when balanced 
statically 
ka = percentage of reciprocating balance when balanced 
dynamically 
for the equivalent revolving weight in the plane of the cylinders. 
Then in a static balance the fore-and-aft vibration is propor- 
tional to 


(0/2 — cos 45°)wr = (1 — ke) 
while the nosing moment is proportional to 
0.707(L — + 0.707(w(L — G) + wi'(L’ — G)) 
For a dynamic balance we have 
(1 — ka) V 2ur for the fore-and-aft vibration 
0.707(1 — ka)Lu, for the nosing moment. 


Then, equating the percentage increase of fore-and-aft to the 
percentage decrease of nosing when balanced dynamically over 
that balanced statically, we have 


1 ka l a ka) Lu, 
w(L — kG) + w(L — G) + w'(L’ — G) 


If we let the expression 


w(L — kG) + w(L — + w'(L'—G) = M 


Then 
ke — ka (1 — ka)Lu, 
1—k, M 
so that 
Lu, ks 
M 
Lu, 1 


Consider data from a Mountain type locomotive 


L = 93", L’ = 77’, G = 60” 
2551 = weight of reciprocating parts 
uy = 319 = weight per wheel reciprocating balance (50 
per cent balance) 


Reciprocating and Revolving Weights 


No. 2, 
No.1 Main No.3 No. 4 


Reciprocating weight 319 319 319 319 Cylinder centers 
Revolving weight... ... 1040 Cylinder centers 
Revolving weight... 260 958 660 260  Side-rod centers 
Hub weight and pin. 187 466 187 ~~ 187 


Then wy = 2551, w: = 1040 

wi’ = 260 + 958 + 660 + 260 = 2138, if the comparison is 
on the cross-balance, or 958 if the cross-balance is only for main 
drivers. Thus for a total cross-balance kag = 0.345 if ke = 0.5 
and for a main driver cross-balance ka = 0.363 if ke = 0.5. 

The dynamic augment in the plane of the wheels for an equiva- 
lent revolving weight 0.345 w, or 0.363 w, is 


1.305 < 0.345 = 0.45w, for complete cross-balance 
1.305 X 0.363 = 0.47u, for partial cross-balance. 


The reduction in wheel balance for the reciprocating parts 
by cross-balancing, particularly the main driver, amounts to 
from 6 to 10 per cent. As will be noted from the analysis, this 
feature is mainly due to the cross-balancing of the revolving 
parts of the main driver. 
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Thus we note that cross-balancing amounts to a substantial 
saving in the required balance weight in the wheel for the re- 
ciprocating parts. In other words, the true dynamic augment 
(for the reciprocating parts) is reduced by cross-balance. It is 
to be noted that this gain is mostly due to the main wheel. 

It must be appreciated that the preceding analysis is but a 
crude approximation for arriving at some idea as to what per- 
centage of the reciprocating parts should be used for the equiva- 
lent revolving weight at cylinder centers for the reciprocating 
parts. 

There are many factors that may legitimately modify our 
conclusions. In the first place, in the analysis no consideration 
is given to the polar moment of inertia, or the mass of the loco- 
motive. With a long wheelbase engine the fore-and-aft force is 
of more importance than the nosing moment, so that in com- 
paring a cross-balance percentage with a static balance. we 
should keep the fore-and-aft vibration nearly the same. On 
the other hand, with a small polar moment of inertia the nosing 
vibration may be the most important, so that the advantage of 
cross-balancing, so far as the angular vibration of the locomotive 
itself, will permit a lower percentage of reciprocating balance 
to be used. 


Comparison OF Dynamic LoapINGs BETWEEN A Two- AND 
THREE-CYLINDER LOCOMOTIVE 


With modern power and two-cylinder locomotives, we find 
increased piston loads consistent with the tendencies toward 
larger initial tractive force and with limited cutoffs for economies 
at low-speed operation. The increased piston loads are limited 
by the general proportions of the hub fits, crank proportions, 
and axle and pin diameters. The only possible relief in this 
direction is either gn articulated or a three-cylinder locomotive. 

The distinctive features of the three-cylinder locomotive as 
compared with the two-cylinder type lie (1) in a reduction of 
piston load and a corresponding reduction in stresses, (2) in 
higher initial tractive force for a given axle loading, due to the 
more uniform torque of the former, (3) in a marked improved 
condition for a reduction in dynamic loadings, and finally, (4) 
in a simple arrangement for compounding and the use of higher 
pressures. 

On the other hand, for a given static loading the boiler ca- 
pacity of the three-cylinder type is somewhat reduced, due to 
the increased weight of the machinery. If, however, we consider 
the maximum loadings at speeds, the reduction in dynamic 
augment permits an increase in static loading, which more than 
offsets the reduction in boiler capacity as compared with the 
two-cylinder type. Also the increased adhesive weight permits. 
higher initial tractive forces which are further augmented due 
to the more uniform torque conditions when the cranks are 
arranged at 120-deg. phasing. Therefore, the estimation of 
the rail loading and reduction of dynamic augment is of con- 
siderable importance in outlining any basic design of this type. 

As with two-cylinder locomotives, we have two methods of 
balancing three-cylinder types; that is, a static balance of 
cross-balance. Comparisons should therefore be made for two- 
and three-cylinder locomotives for either a cross or a static 
balance. 

The maximum nosing moment of a two-cylinder locomotive is 


3 
Ly 


while that for a three-cylinder locomotive is 


or 
ay 
* 
| 
j 
VJ 
2 
y 
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For the same tractive force, with three-cylinder piston loads 
two-thirds that of a two, it is found that the reciprocating mass 
for a three-cylinder is reduced about 20 per cent, so that m; = 
0.8m, for the same tractive force. 

The reduction in outside cylinder centers, however, is much 
smaller, being from 2 to 3 per cent, so that L; = 0.982, so that 
the nosing moment of a three-cylinder locomotive is approxi- 
mately the same as of a corresponding two-cylinder type. 

To compare the counterbalance required for the same nosing 
moment, when statically balanced, we must, as with a two- 
cylinder locomotive statically balanced, consider the additional 
moment due to the revolving weights. Then, for the same nosing 
moment 


V 3(mgsLgs — m3G) = V/2(mgLgs — Mea) 
where m = reciprocating weights 
Mer = revolving counterbalance in plane of wheel 
Mes = dynamic augment for reciprocating balance in 
plane of wheel when statically balanced 


mi revolving weight at cylinder centers 
m’ revolving weight at side-rod centers 


(me + m)L + m'L’ 


mg = mM +m + m’ 
Me = Mer + Mes and Mer = Mm + Mi’. 


and 


If we differentiate the nosing moment due to the revolving 
parts from that of the reciprocating parts and balance, then 


— mesG) + W3(ms(L; — G) + m'(L's — G)) 
= — + — G) + mi'x(L': —G)) 


From a study made with the foregoing equations with dimen- 
sions of modern power and in view that the fore-and-aft vibration 
is completely eliminated, it appears we may reduce the dynamic 
augment in three-cylinder practice when statically balanced to 


Mex = 0.3 to 0.35 me; 


The advantages by cross-balancing are the same as in a two 
cylinder locomotive and permit a smaller percentage of re- 
ciprocating balance for an equivalent counterweight at cylinder 
centers. 

The three-cylinder locomotive with cranks at 120 deg. offers 
inherently a lighter track loading than the two-cylinder, which 
is immaterial whether we cross or statically balance. The un- 
balanced revolving weight at cylinder centers is the percentage 
of the reciprocating balance divided by the number of drivers 
n. Thus, the track loadings are 


0.35 wr 
n 


Track loadings, per pair of wheels 


Iy= 2 X 0.35 = wr sin 30° = 0.35 = w? (three-cylinder) 


lr= 2X 05 = w*r sin 45° = 0.707 = wr (two-cylinder) 


The gain is even greater, since mr; = 0.8 m,: for the same axle 
loading, etc., so that 


8 = 0.396 


(B) 


Fie. 23 
(A, effect “, dynamic augment, three-cylinder, cross-balanced; B, effect of 


ynamic augment, two-cylinder, cross-balanced.) 

Since the plane of balance is assumed approximately at the 
center line of rail, the dynamic rail pressures would be the 
centrifugal loading of the balance in the wheel. The result 
also may be obtained by considering the equivalent mass at 
cylinder centers and differentiating for maximum rail pressure. 

For the increase in rail pressure, cross-balanced: 

mes + G? 


N; = 0.85 — wt 


V3 x 90? + 602 


= 0.35 — wr 
n 2 60 


= 0.487 — w*r 
n 


L, 0.707 
: On the other hand, the rail loading would not be so favorable. 
\, 
| \ * 
| 
30° ¥ 
‘ 
90 
(A) 
| NW ; 
fin 
45° 45° 
n 
Nz = 0.5 — 
n 2G 
= 0.5 — 
n 1.41 X 60 
n 
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but since m,; = 0.8 mrs, we have: 


0.487 X 0.8 
= = 0.6 
0.65 


Assuming the same ratios of balance for a static balance, the 
reduction would be even greater, for then 


Thus we see when ideally balanced the dynamic track loading 
is reduced to 40 per cent and the dynamic rail loading to 60 
per cent (approximate) of that of a two-cylinder locomotive. 


STRESSES IN THE RaIL 


In approximating the nature of the reaction of the supports 
of the ties supporting the rails, it has been found that owing 
to the close spacing of the ties as compared with the wave length 
of the deflection curve we may assume a continuous elastic 
support proportional to the deflection supporting the rail. 

Therefore the fundamental static equation of the rail is given by 


4 


where E = modulus of elasticity and J] = moment of inertia of 
cross-section of rail, the weight of rail being neglected as com- 
pared with the elastic reaction ky per unit length. 

The solution of this equation is 


= e**(C, cos az + Cz sin ar) + e~**(C; cos ax + Cy sin az) 
Consider the particular solution with constant C, then 
e**C, COs 


daa 
4 aC e**(cos ax — sin ax) 
dz 
— 2 a*C\e* sin ar 
dx? 


dy 
2 a®C,e%* (sin ax + cos ar) 
dz 


— 4 cos ax 


relations for the terms containing constants C2, 
Substituting in the Equation [1], we obtain 


4 
k 
om 
4EI 3 a@ 


with similar 
and 
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We will now consider the origin of our axis at a single con- 
centrated load at the rail. 

{Nore: This is the proper position for Fig. 24.] 

From the expression for the deflection, Equation [2] evidently 
e~** = Qand y = O, whenz = ~ sothatC; = C, =O. Further 
dy 


A O, when x = O, so that C; = C4, and the general expression 
dx 


for the deflection is simplified to y = e~**C (cos ax + sin ax) 
from which we obtain by differentiating successively with respect 
toz 


= 2Ela*Ce-™ (sin ax — cos ar) 


= 4Ela*Ce-™ cos ax 


r 


when = 0,M = F = 
N 
C = 


N 
hence M = — — e- (sin art — cos ar) 
4a 


N 
and F = dines COS ar 


Now the distance of the wheel load to the point of zero bend- 
ing moment is (M = QO) 


Qa 


4 


and the maximum bending moment at the wheel load (zr = Q) is 


4 
N 
M. — =WN — = 0.318 N. 


_A master diagram was constructed by the joint Special Com- 
mittee on Stresses in Railroad Track of the A.S.C.E. and 


M 
A.R.A. for the ratios —. This diagram is of special value in 


M. 
estimating the bending moment for any distance from a wheel. 

With several loads we may superimpose their effects. Thus 
for closely spaced wheels, as with the drivers, we find a negative 
bending moment induced by adjacent drivers with respect to 
any particular driver, so that the bending moment is reduced 
from the value this wheel would have if isolated. 

With moving loads translated at high velocities the statical 
equation no longer holds, since now the transverse inertia of the 
rail structure subjected to vertical oscillations on an elastic bed 
must be taken into consideration. 


A 


/ 


3 
oF 
N2 
N; 0.35 
— = — X 08 = 0.56 
No 0.50 
oz? 
Fo =k 
ox’ 
4 
k 
a= 
y 
= 
N 
‘ 
x 
\ 
| 
| 
| 
4 
F+dF 
Fic. ‘4 Fie. 25 
<4 
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For the lateral motion of an element dz 


o*y 
dF —kydx = eAdz 


bs oF — k = o*y 

Neglecting the angular inertia, we have 
_ oM 


so that for a close approximation 


2. 
and since M = EI 


the differential equation for wave propagation along the rail is 


o*y oty 

cA + =0 
If now we have a wheel dynamic loading 

N sin wt (w = angular velocity of the driver) 


then we may assume 


y = y’ sin wt 
re) 
= — sin wt 
so that 
45,’ 


BI +ky’ =O 


EI = — (k — eAw*)y 


The equation of rail deflection, bending moment, and shear are 
y = -@’% C (cos a’z + sin az) 
M = —2Ela'*Ce-*'*(sin — cos 
F = cos a'z 


where 
4 
k — eAw? N 
‘= 


when, therefore 


k — eAw* = O, orw = y(4) = 


we will have a resonance condition which will result in infinite 
stress in the rail. With the proportions of modern rail and stiff 
elastic support, the resonance angular velocity would be con- 
siderably above the diametric speed of a locomotive. 

The important point to note, however, is that increase in 
speed augments the effect of the dynamic loading due to counter- 
balance on rail stress. The bending moment in the rail under 
dynamic loading is 


N 
M =— (sin a’z — cos a’z) 
a 


where 
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so that the increase in bending stress due to the speed of the 
locomotive, for the dynamic loading of the counterbalance, is 


k 


where M, is the maximum static bending moment. 

To gain some quantitative idea of this increment, we will 
0.85 
32.2 X 36 
At diameter speed n = 336 r.p.m., so that = 35.2 
Substituting in the foregoing formula, M = 1.025 


assume k = 1000, so that with an 85-lb. raileA = 


= 0.073. 
rads per sec. 
Mo. 

The most important dynamic effect in the wave equation is 
the so-called speed effect. This has been investigated in a 
comprehensive way experimentally by the joint Special Com- 
mittee on Stresses in Railroad Track of the A.R.A. and A.S.C.E. 
and theoretically by 8S. Timoshenko in the Bulletin of the Electro- 
technical Institute, vol. 13, 1915. 


COUNTERBALANCE AND Pressure oF Aa Two-CyLINDER 
Mountain Type Locomotive 


We will assume the following data: 


l = cylinder centers = 93 in. 

G = counterbalance centers = 60 in. approximately 

l’ = side-rod centers = 77 in. 

Ur = weight of reciprocating parts = 2551 Ib. 

We = weight of revolving parts at cylinder centers = 1040 
lb. 

we’ = revolving weight at main driver at side-rod centers = 
958 Ib. 

we” = revolving weight at intermediate driver = 660 lb. 

we” ’ = revolving weight at end driver = 260 lb. 


We will assume the wheel center sufficiently large so that a 
complete cross-balance is possible, including the dynamic aug- 
ment for reciprocating parts. 

If we assume 50 per cent balance for the reciprocating parts 
when statically balanced, then the dynamic augment for the 
reciprocating parts per driver is 


2551 
Wee = 0.5 X - = 319 lb. 


When statically balanced: 
The dynamic rail pressure for the main driver is (for right 
wheel, right crank leading) 


wr 
N = — (A sin om + B cos dm) 
gG 


where ¢m = angle of right crank from forward dead-center 


position 


ll 


We = We t+ We’ + Wee 


Therefore 


A = 6000, B = 25,350 


= 
B 
1+G U+G 
A as 


wr 4 
N= 7 (102 sin 13.6 + 422 cos 13.6) = = wr 
g 


Left 


B6° 


7 “4° 
le Right 


Fig. 26 


Therefore, the maximum rail pressure for right wheel leads the 
right crank by an angle 90 deg. — 13.6 deg. = 76.4 deg. Ina 


similar way we can show that the dynamic rail pressure for left 
wheel lags the left crank by 76.4 deg. The maximum track 
loading is"independent of the planes of action of the revolving 
weights,[hence we may verify our calculations as follows: 


Fie. 27 


(A, considering planes; B, disregarding planes.) 


433 319 450 
2X — w* sin 31.4 = V/2 X — we = — 
g q g 
For the intermediate driver we may proceed most simply by 
estimating the centrifugal forces of the revolving weights and 
counterbalance reduced to the plane of the wheel. 


68.5 


Left 
= — 660 — = 229 
A 979 x 


8.5 
= —~ = 93.2 

B = 660 X 

R = V/A? + B? = 248 


2 
= = 22.2° 


Fic. 28 


Hence the dynamic loading leads the right crank by an angle 
of 180° — 22.2° = 157.8°. Similarly the dynamic loading for 
left wheel lags the left crank by 157.8°. 

The track loading is therefore 


QR cos 22.8° = 1/2 X 319 = 450 


For the end drivers 


68.5 
A 579 — 260 X 60 
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8.5 


B= 20X = 368 
R = V (A? + B?) = 284 


¢’ = tan 


Track loading 
2 X 284 cos 38° = 450 


Fig. 29 
(Dynamic loadings at rail for position of maximum main-wheel loading.) 


The phase relations of the maximum wheel loadings are shown 
in the diagram, Fig. 29. 

As an example of this loading on track stress, let us consider 
an 85-lb. rail, k = 1600 lb. per in. Then for the rail section 
we have J = 26.7, Z = 10.1. The distance to zero bending 
moment is 


= = 
k 4 1600 


M = 0.318 X 29.6 X N =94N 


With a driving-wheel spacing of 72 in., the bending moment 
at the main driver due to counterbalance effect at diameter 
speed is 

In-lb. 


= = 195,000 


9.4 xX 1550 


32.6 


Effect of first driver... 9.4 X xX 1550 X 0.17 = 2,500 


Effect of third driver.. — 9.4 X = xX 1550 X 0.17 =—2,800 


32.6 
Effect of fourth driver. 9.4 X — xX 1550 X 0 = 0 


194,700 


If now we cross-balance the main driver, the angle of the 
hos 2 a = 12.2°. In accordance with the 
L+G 
previous section, the wheel balance when main wheel alone 
is cross-balanced will be taken at 0.47 w, = 300 lb., correspond- 
ing to a static balance at 0.5 w,. 


balance is tan a = 


i 
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a .. On = a 

36.8 

= 7° = 173° 
| po — én = 178 

| 
32.6 37 433 32.6 | 
—— we — — wr —— wr 

| 

Left | Right : | Right a 

433 | 433 | ie 
3/9 3/9 = 29.6" 
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t 
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| 
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268 


—— wr 


204 300 268 
2p 9 


With the same wheel spacing as before, we have for the bending 
moment at the main driver due to the counterbalance effect at 
diameter speed given by 


In-lb. 

Main driver.......... 9.4 xX = xX 1550 = 135,000 
368 
Effect of first driver... —9.4 X - xX 1550 X 0.17 = — 20,600 
204 

Effect of third driver... 9.4 X fa xX 1550 X 0.17 = — 15,700 
Effect of fourth driver. = 0 

98,700 


Thus the advantage of cross-balance is even more apparent 
when we consider the increased bending moment due to dynamic 
augment. 


CouUNTERBALANCING AND Ratt PRESSURE OF AN E1GHt-CoupLeD 
Cut-Orr Locomotive 


Statically Balanced 


In the counterbalance analysis consideration is given to (1) 
wheel pressure and (2) axle loading. 

In estimating the wheel loading consideration must be given 
to the overhanging revolving weights, particularly on the main 
drivers. On the coupling drivers the difference in plane is rela- 
tively unimportant, and sufficient approximation is obtained 
by simply considering the effect of the dynamic augment as in 
an ordinary static balance. 

The overhanging weights on the main drivers require for a 
dynamic balance of the revolving parts a considerable increase 
of balance weight over that estimated for a static balance. In 
a 63-in. wheel the balance weight is by construction limitations 
limited to about 2700 Ib. balance weight. With this limitation 
we are usually deficient in the cross-balancing of the revolving 
parts alone. Therefore the dynamic augment of the main 
drivers depends upon the magnitude of the revolving parts and 
their planes of action and not at all on the reciprocating balance. 

The cross-balancing calculations of the main drivers require 
the weights of the rods on the main pins and their planes of action. 

For the coupling drivers we have ample balance space for a 
complete balance of the revolving parts together with the desired 
amount of the reciprocating balance. Therefore the increased 
wheel pressure is the dynamic augment caused by the reciprocat- 
ing balance apportioned to a coupling driver. 


Counterbalance Data on Eight-Coupled Type 


The reciprocating balance is based on a piston load of 148,000 
lb. The reciprocating parts are considered as representing an 
average condition of good and efficient design. The reciprocat- 
ing counterbalance is taken at 50 per cent of this value and dis- 
tributed among four drivers. 

The weight of reciprocating parts of the eight-coupled type is: 


Crosshead, 786 0.5 2489 

Main-rod weight on crosshead pin, lb.. 729 wa = 310 
2489 


Therefore with 50 per cent balance we have approximately 
310 lb. dynamic balance per driver. 

The weights of rods, etc. are obtained from a weight estimate 
of a set of rods proportioned for the piston load. The load on 


main pin for main rod alone is 927 Ib. and for the combined side 
rod loads front and back is 780 Ib. 

The wheel center and counterbalance are obtained from a 
typical 63-in. wheel center with the pin sizes proportioned for 


the piston load. The maximum counterbalance possible is 
2700 lb. at 14%/, in., which reduced to the 15-in. crank throw 
gives 2590 lb. 


Counterbalance, Main Driver 


Wristpin, main rod fit, Ib........... 162 
Wegnt end side rod on pin, Ib... 399 
Total weight at cylinder centers, Ib............. water 1463 
381 
Total weight at side-rod centers, Ib...................... 513 
2700 43/ 
Maximum balanced weight, 2700 at 143/; = ee = 
2590 at crank throw 
Wristpin weight in hub, 476 — 162 — 132, or......... 182 lb 


Effective balance in wheel centers = 2590 — 477, or 2113 lb. 


75.5 
1488 XK = 1875 
60 


67 
518 — = 573 
x 
2448 
Effective balance 2313 
31 
(Right wheel, from right side.) 335 
Components in OX Plane 
15.5 335 
= = & 7 
1488 X $0 385 Ib tan 3 
7 60 445 445 
— = — Ib. = = = lb. 
R= 037 07086» 
R = (445? + 335%) = 557 lb. 
Dynamic Augment 
2 
D=— wr w= = = n = r.p.m. 
w? = —n? r = throw in feet 
900 
2 
D = oF D = 0.000341 
900 X 32.16 
Dynamic Augment 
Stroke, 30 in........ r = 1.25 
Coupled drivers....... 310 X 0.000341 X 1.25, or 0.132 n? 
Main driver......... 557 X 0.000341 X 1.25, or 0.238 n? 


g g g g 

Components in OY Plane 

335 
270 


COUPLED DRIVERS 


(R.p.m.)? Increment wheel Increment track 

M ph. n? pressure D loading V2 X D 
5 715 94.5 133 
10 2,850 376 532 
15 6,400 845 1,192 
20 11,450 1,510 2,140 
25 17,800 2,350 3,320 
30 25,600 3,380 3,780 
35 4,620 6,530 


(R.p.m.)? Increment wheel 
M.p.h n? pressure D 
170 


TOTAL RAIL AND TRACK LOADING 


Rail loading 
M.p.h Coupled ain Track loading 
0 31,000 31,000 62,000 
5 31,075 31,170 62,133 
10 31,376 31,678 62,532 
15 31,845 32,525 63,192 
20 32,510 33,730 64,140 
25 33,350 35,240 65,370 
30 34,380 37,090 65,780 
35 35,620 39,330 68,530 
40 37,040 41,900 70,540 
79 
63 45,700 57,500 ,800 


COUNTERBALANCE OF TEN-CouPLED, THREE-CYLINDER 
Compounp LocomoTivE 


Statically Balanced 


For the reciprocating balance, the three-cylinder feature 
eliminated the longitudinal vibration, and with the lighter re- 
ciprocating weights the nosing moment is reduced. In virtue 
of the complete elimination of one vibration and the reduction 
of the other, practice indicates 35 per cent reciprocating balance 


is sufficient. 
The weight of reciprocating parts of the ten-coupled type is: 


Main rod (50%) on crosshead pin.... 709 —— = 153 lb. 


2182 


Thus with 35 per cent balance we have approximately 150 
lb. dynamic balance per drivers. 


General Scheme of Balance 


The balancing of the ten-coupled, three-cylinder compound 
type consisted of a 35 per cent reciprocating balance for the 
outside cylinders and 17!/, per cent reciprocating balance for 
the inside cylinders. Though the inside reciprocating parts 
have no nosing effect, while the reciprocating parts as a whole 
are in approximate balance for longitudinal throw, any addition 
of balance for the outside cylinders upsets this equilibrium. On 
the other hand, to reduce the stresses in the crank axle, a bob 
weight is placed in the crank axle. A full reciprocating balance 
in the bob would overload the axle. If placed in the wheel, the 
balance would have to be angled for the crank axle, so there 
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would be no justification, except a complete cross-balance of 
this axle. For these reasons a compromise would be to use 
approximately 50 per cent of the reciprocating counterbalance 
used in the outside cylinders; in other words, '/2 X 35 per cent 
of the reciprocating balance. 

The main driver requires 2424 lb. counterbalance in the wheel. 
With a limitation of 2700 lb. of counterbalance in a 63-in. wheel 
center, at crank throw we have: 


14,375 2700 
16 


= 2422 Ib. 


Thus the required counterbalance (static balance) is approxi- 

mately the same as the limitations imposed by a 63-in. wheel. 
For a cross-balancing of this driver we need (see counter- 

balance calculations): 


Effective balance = 2105 — 3565 = 2140 
Wristpin and wristpin hub = 494 


2634 


or 2600 lb. approximately, neglecting angularity of balance. 
Thus, the main driver, though just statically balanced for a 
150-lb. reciprocating balance, is actually deficient, due to the 
wheel-center limitations in a complete dynamic balance. 

The crank-axle driver from an inspection of the counterbalance 
calculations will be seen to be very low in dynamic augment, 
and therefore consideration of this driver may be omitted in 
the estimation and comparison of wheel pressure. 


Wheel centers and rail centers (approximate), in...... . 


Main Drivers 


Weight at cylinder centers: 
Eccentric crank (*/2), lb. (assumed on plane or cylinder). 36 


Weight at side-rod centers: 
In wheel plane: af 
Weight of counterbalance, Ib...................... 2422 
Wristpin and wristpin hub, Ib..................... 494 


Cross Balance Main Driver 
Components in Plane OY 


895 X = = 1133 
60 
2. 
2105 
Effective counterbalance 1928 
177 


Fie. 32 


(Left wheel, viewed from right 
side.) 


p 
40 45,700 6,040 8,540 e 
45 57,600 7,600 10,770 
50 71.400 9:430 13,300 
55 86,500 11,420 16,130 
60 102,500 13,550 19,150 
63 111,300 14,700 20/800 
MAIN DRIVERS 
10 2,850 678 
15 6,400 1,525 Be 
20 11,450 2,730 
25 17,800 4,240 
30 25,600 6,090 
35 35,000 8,330 
40 45,700 10,900 — | 
45 57,600 13,700 ge 
50 71,400 17,000 
55 86,500 20,600 
60 102/500 24,400 
63 111,300 26,500 . 
76'/2 
60 
| 
Y 
Right 
556.5 x 
a 
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Components in Plane OX Components in Plane OX 
16 356.5 R = V (21? + 392) = 44.4 —105 
895 X — = 239 a = tan- = 63.6 
60 177 8 
496 X 60 = 66.1 
8.25 117.5 356.5 a 
855 X —- _ = —— R = —— = 398 bb. 
60 356.5 cos 26.4 — 39 
Dynamic augment at rail difference, Ib................... 557 Components in Plane OX 
159 68 
— 496 
Intermediate Crank Axle Driver 60 
Weight of inside reciprocating parts: 21 
Main rod on crosshead pin, Ib.................0000005 363 COUPLED DRIVERS 
R.p.m.)? I -nt whee! Increment track 
0 0 0 0 
Counterbalance throw = 1/2 X 0.35 X 1701, or 298 lb. 5 
= 6.400 436 615 
Weight at side-rod centers: 20 11.450 778 1,100 
25 17,800 1,210 1,720 
5 35.000 2,380 3,370 
W eight on pin, lb LOL 48 40 45,700 3,300 4,670 
5 57.600 3.930 5.550 
50 71,400 4,860 6.870 
Weight in wheel plane: 111'300 7'600 10'750 
Weight of counterbalance, lb......................... 804 
Wristpin (60 Ib.) and wristpin hub (158 Ib.), Ib... ..... 218 MAIN DRIVER, WHEEL PRESSURE 
_ Increment 
Total. Ib 646 M.p.h. (R.p.m.)? wheel load 
‘otal, Ib......... 718 198.6 
i i j 7 25 17,800 3,220 
Outsi e reciprocating parts 150 25'600 
of om pin, Ub... 448 35 35,000 6,520 
Tristpi 50 1,400 12,900 
Total (weight of counterbalance), lb................... 864 63 ‘ 111,300 20,100 
Components in Plane OY TOTAL RAIL AND TRACK LOADING 
Rail loading 
M.p.h. Coupled Main Track loading 
Static and dynamic... 5 33,048 33,129 66,070 
68 Static and dynamic... 10 33.194 33,516 66,275 
496 X — = 562  Staticand dynamic... 15 33.436 34160 66,615 
Static and dynamic... 20 33,778 35,070 67,100 
Effective balance — 646 Static and dynamic... 35 35,380 39/520 69,370 
rn 1/2 X 298 x 0.707 = 105 Staticanddynamic... 40 36,300 41,280 70,670 
= Static an ynamic... 37, J 2, 
MY Upp] a Static and dynamic... 55 38,880 48,650 74,310 
21 Static and dynamic... 60 40,000 51.550 75,900 
Static and dynamic... 63 40,600 53,100 76,750 


Fig. 33 
(Left wheel, viewed from right side.) Weicut TRANSFER AND TorRQUE REACTION 
. During the initial traction period we find a considerable 
Componenis in Plane OY variation in wheel loading of the drivers. . In forward motion 
the main-driver loading at the rail is considerably increased 
over that of the coupling drivers. Therefore it is expected and 
is consistently found in practice that, with slippery engines, 
flat spots occur on the main driver at the crank angle correspond- 

—66.1 ing to maximum torque. 

—496 x 8 = 105 In estimating the proper factor of adhesion to be used in a 
60 _____ given design, we should consider (1) the total adhesive weight 
—39 on the drivers, (2) the variation of torque and the maximum 
torque, and (3) the effect of weight transfer and torque reaction 
on the total adhesive weight and on individual driving-wheel 
; rail loadings as well. With long wheelbase locomotives with 
Fie. 34 several driving axles, the effect of weight transfer and torque 


| 
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reaction is small and may frequently be neglected. The in- 
creased loading on the main axle increases its share of work over 
the coupling drivers. In backward motion the reverse is the 
case, so that side-rod loadings in a close calculation should con- 
sider the latter case. 

The effect of the torque reaction in a steam locomotive is 
manifested by the vertical guide-bar reaction at the crossheads, 
while in an electric locomotive it is shown by the vertical nose 
reactions in axle-hung motors and direct-torque reactions in 
direct and quill drives. In general, the torque reaction effect 
on the spring-borne parts is manifested by a reaction couple 
and a resultant vertical force. 

Therefore, in general, changes in loading of the equalization 
may be estimated as follows: If N = resultant vertical load, 
J, = distance from N to the center of gravity of the rear equali- 
zation, J; = distance from N to center of gravity of the front 
equalization, and 7’ = reacting couple equal and opposite to 
the turning moment on the drivers, then 


AE, = ——— (T — NJ;) = change in load, rear equalization 
7, 1) g q 


AE, = eg (T + NJ-) = change in load, front equalization 


The change of loadings on the individuak journals may then 
be estimated as follows: 


E 
AW, = zr W. for the main journals 
AE... 
AkW,. = — kW, for loads on trucks on other journals 


where W, = is the static spring load per driver, k any lever 
ratio, and £ the total equalization load; that is, H = ZW. + 

The turning moment on the drivers is equal to the product of 
the guide-bar reaction and its distance from the main driver. 
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The torque 7 and the guide-bar reaction N are: 


T = Prsin®@ + Nrcos 0, N = P tang 
N 
T = Pr (sin® + tan 8 cos 9) = + tan 8cos 0) 
..T = N (rcos +1 cos 


where 1 = length of the connecting rod. Due to the small angle 
in 
he , 8o that the driving 


of obliquity 8, we may write tan 8 = 
torque reduces to 


Pr (sin 6+ = sin 20) 
In a two-cylinder locomotive we must consider the simul- 


taneous action on the other side, so that the torque is for constant 
piston load: 


T Pr (sino sin 20) 


In the general calculation of torque for any number of cylin- 
ders, we use the expression: 


PL 


where P = P, — mrw*r cos 9 


phase lag of crank from initial crank 
inclination of cylinders, if any 


r 


and P, is estimated from the indicator card at distances x = 


r(1—cos ¢) +1(1 V ) = r(1 — cos @) approxi- 


l 
mately (n= 4), and = —a +r 


Thus in a three-cylinder locomotive, to obtain the equivalent 
of 120-deg. phasing with all the cylinders horizontal, the inclined 
center cylinder should have its crank displaced backward equal 
to the inclination of the cylinder. 

At low speeds the inertia loading of the reciprocating parts 
may be entirely neglected. 


Torque Reactions on the Frame 


Due to the obliquity of the connecting rod, the normal guide 
reaction at the crosshead produces an upward thrust on the frame 
in the forward motion and a downward thrust when backing. 
This reaction is equivalent to a couple equal to the driving torque 
together with a simple upward reaction at the driving box 
equal to the guide thrust. Since, as we have seen, the driving 
mechanism produces a torque and a downward thrust on the 
drivers, from the equality of action and reaction we should 
expect an equal and opposite torque, together with an upward 
thrust exerted by the driving mechanism on the frame. The 
reaction of the driving mechanism on the frame is manifested 
by the guide-bar thrust at the crosshead. 

Resolving the guide-bar reaction into a couple and a single 
upward thrust at the main driving box, we have for the guide 
reactions (= upward thrust at main driving box): 


P P 
7 sin @ (right side) and = cos @ (left side) 


for the couples: 


Pr 


i sin + r cos @) approximately (right side) 


Pr 


i cos 6(/ + r sin @) approximately (left side) 


for the total upward force: 
P. 
N = (sin + cos @) 
and for the resultant couple (= torque reaction): 


T = Pr(sin© + cos + “sin 20) 


\ 
P P 
be 
N 
«---------- cos B----- 
| 
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which, as we should expect, is equal and opposite to the pre- 
viously derived expression for the torque exerted on the drivers. 
These values oscillate about their means: 


2Pr 4Pr 
Na = — ‘ane -d@ = —— total mean torque thrust 
lr Jo lx 
2Pr 4Pr 
Tn = — sin 6d6 = — mean torque 
0 


In order to estimate the change in equalization load due to 
traction, we will separate the spring-borne parts from the driving 
wheel system and consider the mutual reactions between these 
parts and the external forces acting on the separate parts, re- 
spectively. 


| 
AE, 
AW, | AM, AW, 
("SER a 
Akh, 4We AWotN 4£, 
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The reaction of the driving mechanism on the spring-borne 
parts is manifested by the upward guide thrust N which reduces 
to a couple Nd = T and an equal upward thrust at the main 
driver N. The corresponding reaction exerted on the drivers 
consists of the driving torque 7 = Nd and a downward thrust 
on the main driver N. The couple 7 exerted on the drivers is 
balanced by the friction couple FR = T, so that the resultant 
horizontal thrust along the center of drivers is F (the piston loads 
being always internally balanced). The reaction of the hori- 
zontal thrust is a forward thrust on the frame and spring-borne 
parts along the driving-box centers. This, in turn, is balanced 
by the drawbar pull Z = F. Thus the resultant couple or 
moment due to traction exerted on the spring-borne parts is: 


T, = T + Ft = F(R +t) = Z(R = t) 


where + is used with drawbar above center of drivers and — for 
drawbar below center line of drivers. 

Therefore, the resultant action of traction on the spring-borne 
parts resulting in a change in loading of the equalization consists 
of a couple F (R + ¢) and an upward thrust at the driving boxes 
N. 

Due to the inertia the spring-borne parts, the variation of 
the torque at low speeds over its mean value has little effect in 
additional deflections of the springs. Therefore in estimating 
the changes in spring loading we can approximate fairly close 
by considering the mean values of the traction reactions rather 
than the peak values. On the other hand, due to the vertical 
restraint of the rail for the driving wheels, the peak or instan- 
taneous values of the vertical downward thrust on the main 
driver shares its full effect. 

Thus in addition to a weight transfer we have, due to the 
variation of the torque over its mean and the inertia of the 


spring-borne parts, an actual increase or decrease in total rail 
pressure over its static value, though ordinarily of very small 
value. 

Therefore, considering the mean values of the traction re- 
actions, and if Jy and J; are the longitudinal distances from the 
main driver to the center of spring reactions for the front and 
rear equalization, respectively, then the changes in loading on 
the equalization are: 


AE, = +a (Zmh — for rear equalization 
AE (Zmh + for front lizati 
m r tron ec ization 
4P. P 
where Zm = — —, Na = 4 hd for a two-cylinder type 
aR 
6P. 6P 
Zn =- Na = a three-cylinder type 


As an example, we will consider the weight transfer in a 
Santa Fe type locomotive under maximum traction: T. F. = 
Z = 81,500 lb. 

= 210 lb. per sq. in., cylinders 30 X 32 in., wheel 63 in. 
The static and dead axle weights are: 


Eqan. 25,600 51,800 51,800 40,500 48,400 48,400 52,620 
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Z@ 


Dead 5,000 12,000 12,000 22,500 12,000 12,000 10,600 
Rail 30,600 63,800 63,800 63,000 60,400 60,400 63,200 


To locate the center of gravity of the front equalization from 
the main driver, we have: 


W’ (66 + 132 + 0.494 241) = 2.494 W’J, 
J; = 127 in. 


For the center of gravity of the rear equalization from the 
main driver: 


W (66 + 132 + 1.087 XK 252) = 3.924 WJz 


ee Jr = 120 in. 
Now P = 0.7854 X 210 X 30? = 148,200 
tl = 127 in. h = 34.5 in. 
4 
aR 
Na = ‘xem & = 20,200 Ib. 
rXl 
Then 
= (81,500 34.5 — 20,200 127) 


' 
O49 Ww Ww O837W 
MAIN 
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1010 
SEg = 1010 W = — = 258 bb. 
3.924 
1 
AE) = — 575 (81,500 X 34.5 + 20,200 X 120) 
= —21,200 aw’ = —2:200 _ __ 
2.494 


Thus we see that the change in equalization loading for a long 
wheelbase engine is very little affected by the reaction of traction. 

We may now estimate the axle rail loading under traction. 
The main driver suffers a downward thrust of a mean value 
Nm and a peak value: 


N = 2 X 0.85 Pi sin 45° = 22,600; 
that is: 
9 
20,200 
— 4,200 8,500 — 8,500 216 258 258 280 
(Change in equalization loading) 
£O C) C) DOO 
Fig. 39 
— 4,200 — 8,500 —8,500 20,416 258 258 280 
(Change in rail axle loading) 
30,600 63,800 63,800 63,000 60,400 60,400 63,200 
(Static load) 
26,400 55,300 55,300 83,416 60,658 60,658 63,480 


It is to be noted the total change in rail axle loading is nil; 
that is, — 4,200 — 8,500 — 8,500 + 20,416 + 258 + 258 + 
280 = 0, since we only have a weight transfer. 

When a locomotive has trucks, the total adhesion loading, 
however, is affected. Thus we find an increase in adhesion 
loading equal to 20,416 + 258 + 258 — 8,500 — 8,500 = 
3,932 Ib. This, however, represents only 1.25 per cent of the 
static adhesion weight. Locomotives with less number of drivers 
and more truck wheels—that is, with low coupling ratios—are 
more affected by weight transfer. 

The important feature in weight transfer is the change in 
individual wheel loading at the rail, particularly for the main 
driver and the front-spring loadings. 


GENERAL CONCLUSIONS 


To recapitulate the results of the analysis, the following points 
are evident for a better-balanced locomotive and a material 
reduction in rail pressure: 

1 Revolving weights, which have considerable differences 
in planes as main drivers in modern locomotives, should be cross- 
balanced. If with a small wheel center we have a deficiency of 
balance, the angling feature is still of advantage, but the gain 
over a static balance reduces with increase of underbalance. 
The objection for cross-balancing main drivers is hardly justified, 
since one wheel pattern can be used for either side. 

2 The cross-balancing of coupling drivers is of much less 
importance. In view that no gain is effected in cross-balancing 
for the reciprocating parts alone, the static balance of coupling 
drivers is permissible. 

3 With three-cylinder locomotives, the main driver with 
outside rods should be cross-balanced. With a separate crank- 
axle driver and for the coupling drivers, little or no advantage 
is effected by cross-balancing. 
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4 Great consideration must be given to the lightest weight 
of revolving parts consistent with strength. Careful analysis 
and tests should be conducted on the distribution of bending 
stress in eye ends. The advantage of special materials cannot 
be used without a more detailed knowledge of stress distribution. 

5 Reciprocating parts should of course be kept to a minimum 
weight. Here again the strength of pistons and the bending 
action in piston rods and the selection of the lightest type of 
crosshead are of considerable importance. 

6 The total lateral dimension of cylinder centers and side-rod 
centers should be a minimum. 

7 In the preliminary design of a large locomotive with small 
wheel, some consideration should be given to the counterbalance 
problem, so that a wheel of sufficient size is adopted. Con- 
siderable deficiency of balance with a small wheel should not 
be allowed, unless special speed limitations are acceptable for 
ordinary operation. 

8 The static-weight distribution of a locomotive should be 
adjusted on the allowable rail pressure and track loading at 
the average maximum speeds. As an equal dynamic loading 
at speeds for the separate drivers does not necessarily give 
minimum rail stresses, consistent experiments should be con- 
ducted for different wheel groupings and rail loadings at high 
speeds. 

9 The counterbalance problem and wheel-center proportions 
practically place a limit in the design of two-cylinder locomotives 
with limited cutoff and increased axle loading. The relief in 
this direction is either a three-cylinder type or an articulated 
locomotive. 

10 With the large modern power, particularly of the two 
cylinder type, there appears a field for the use of special steels 
using hollow-bored axles, pins, etc. With a more accurate 
knowledge of the stresses, fatigue limitations may be estimated. 
The reduction in weight may make it possible to increase the 
capacity of two-cylinder types. 

While certain policies in balancing seem fairly evident; this 
paper can be regarded only as a preliminary presentation of the 
subject. The counterbalance feature in the ensemble design 
of a locomotive is only one aspect of a group of a series of com- 
promising limitations. Therefore, rather than offer any de- 
tailed procedure in any balancing policy, it is to be reeommended 
that the subject be placed in the hands of a special committee 
of the Railway Division of the A.S.M.E. 

The author wishes to thank members of the Railroad Division, 
and in particular Mr. H. Glaenzer, vice-president, Mr. R. 8. 
McConnell, chief consulting engineer, and Mr. C. F. Krauss, 
all of the Baldwin Locomotive Works, for their kindly advices 
in the preparation of this work. 


Appendix No. 1 
On THE REACTION AT THE CRANKPIN Dve To THE KINETIC REACTION 
OF THE CONNECTING Rop AND RECIPROCATING PARTS 


The kinetic reaction of the connecting rod may be considered in 
the following way: 


Fie. 40 


For the constancy of mass and the invariability of the center of 
gravity, we have: 


m+ we = M 


= 0, lL=h+h 


tig 

Pit 
if 
he 
ie 
i 
y 
i 
ab 
fe 
3 
‘ 
a 
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from which we obtain: 
m= and us 7M 


and therefore 
pal? + pole? = 


To produce the same angular inertia resistance we must introduce 
an additional inertia couple, the correction couple K given by the 


relation: 
(wil? + + Kh = 
KL = (Mk,? — + uh®)@ 
= M(k,? — 


Since hl; > k,? the correction inertia couple is inherently negative. 
The reactions on the connecting rod are: 
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where K = me(hlz — k,*) 


To obtain S, we note: 
S cos — + K sin d = m,n 


+ — K sin 
cos 


a 


The vertical throw which affects the dynamic rail load is therefore 
Y = K cos ¢ — S sin — 


+ 


— 
cos 1 Mey 


¥ = male — k,*)(cos + tan ¢) 


w?(n? — 1) sin 9 
(n? — sin? @)*/2 


where 
m = wr (cos 0 + cos 20 ) 
= — w*Z,— sin 
n 
n= “ and w = angular velocity of crank 


sin 


V n? — sin? 0 


Very often it is preferable to consider the moment of inertia of 
the rod about the crosshead pin, so that since m,k? = m,(h? + ky?) 


nt — sin? 


also cos @ = and tan ¢ = 


= (ils — kg?) = 


where k is the radius of gyration about the crosshead pin. 


We see Y is a function of 8. Therefore, we may substitute this 
expression in the general expression for rail pressure without the 
counterbalance. Then at the angle for maximum pressure obtained 
after equating the differential coefficient to zero, we may calculate 
the balance required to nullify this pressure. This would be the 
most perfect method of balance so far as rail pressure is concerned. 

Another method of importance is the resolution of the inertia 
loading of the connecting rod into horizontal and vertical compo- 
nents. The reactions at the pins are resolved into horizontal and 
vertical parallel components which balance the kinetic reactions, 
together with a direct thrust or tension component S. The parallel 
components can be obtained from the resultants of the horizontal 
and vertical inertia loading and are invariable. The axle component, 


however, is dependent upon the nature of external loading. 
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We have: 


Fa = ( ‘) X and Fz = “ xX 


l 


i Y and = ¥ 


Mw?r (cos 0 + cos 20) 


Mw sin 0 


N 


center of gravity from A 


k ‘ 
Za+ zt = center of percussion relative to A 
“@ 


2? cos 80 + (l — Z,)r cos 20 
Leos + (l— Z,)r cos 20 


relative to A 


Then for the reciprocating parts: 
S cos — F4 = 


Fa + 
cos 


S 


The vertical throw at the crankpin is therefore 


= 


= Fp’ — (Fa + tan 


— Ssin 


where 74 = w*r (cos 6 + ~ cos 20) 


sin 0 
tang = 
V n? — sin? 0 


A third method is by taking moments about the crosshead pin A. 


A 
N 
Then, 


Mee 
T = mira 


Fig. 43 


= Yl cos — XI sin + met 4Z, sin > 
where k? = k,? + Z,? 
Therefore, 
cos 


V 
* 
3 
Made 
K 
B 
y 
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= mass of connecting rod 

= radius of gyration from crosshead end 

= distance to center of gravity of rod from crosshead end 
= length of connecting rod 


RAILROADS 
where 

w*(n? — 1) sin 

(n? — sin? @)*/2 where M, 
1 l 
ta = w'r(cosO0 + - r cos 20) n = - 29 

nm r l 
l Ze.. Ze 
= i wir cos > 
Vn? - -sin?O . 
n 
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OBTAINING OF THE CONSTANTS OF THE ROv EXPERIMENTALLY 


The*center of gravity is readily estimated by suspending the rod 
by knife edges at the pins and weighing the respective supporting 
reactions. 

To obtain the moment of inertia and center of percussion, we 
hang the rod on a knife edge at the crosshead pin. 

Then, 


Mogz, sin = I4 
dt? 


— + gzg = 0 
from which we obtain: 


1 


T being the time for a complete 
oscillation of the rod. 
Now 


I4 = 2,2 M +1, or k? = z,? + k,? 


The center of p@rcussion is that 
point at which a lateral impact P 
will produce no reaction at the 
axis, so that: 


P(e—2z,) = and P = 


k,? 

kg? = (e—z,)z,0re = 2g + 
29 

Therefore, the center of percus- 
sion may be estimated from the 


Fig. 44 time of complete oscillation T by 
substituting in the expression 
= that is, 
4x? 
k 
= — + 
4a 


Therefore, the characteristics of the rod obtained experimentally 
are: 


zy = the distance from the crosshead to the center of gravity 


I4 = Mk?, where k? = 45? 
g™ 
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EqvuIvVALENT REVOLVING WEIGHT AT CRANKPIN FOR ACTION OF 
ConnectTING-Rop AND WHEEL-BALANCE PROPORTIONS 


A close approximation is to consider the equivalent revolving 
weight at the crankpin for the connecting as equal to the vertical 
throw; that is, the vertical component reaction at the pin when 
® = 90°. If we substitute in the previous expressions for the 
vertical throw when 0 = 90°, we find, neglecting second harmonics: 


V = = M,w*r 


From tests on model rods of modern proportions 


e 
- = 0.87 
l 


Two types of counterbalance weight are ordinarily used in driving 
wheel centers, (1) the segmental form and (2) the sector type. For 
the segmental type it may be readily shown that the chord AB of 
the balance is given very approximately by 


AB = 
tw 


where R = required counterbalance at crankpin radius, lb. 
r = rank radius, in. 
w = weight per cu. in. of metal balance 
t = mean thickness of balance 


while for the sector type, the inner radius to the balance is given by « 


\ 3Rr 
r= 
2tw sin O 


where 0 = angular span of balance between spokes 


Tm = Tim radius of balance 


The foregoing expressions are only very approximate guides, since a 
with a more accurate calculation consideration must be given to the : 
negative moments of the spokes where they intercept the balance 
and crank hub. 
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DyNAMICAL RELATIONS IN A LOCOMOTIVE 


While an approximate analysis has already been given dealing 
with the action of the reciprocating parts, it is of interest to consider 
a more complete analysis of the reactions and oscillations. 

A locomotive has five degrees of freedom; three degrees of free- 
dom due to the spring suspension, one due to nosing, and one due i 
to rolling resulting in a fore-and-aft vibration. In our first approxi- ah 
mation we will disregard the additional degrees of freedom resulting : 
from the spring suspension as having very small effect on the swaying 
and fore-and-aft vibrations. 

For simplicity in analysis only one driving-wheel set will be con- 
sidered, so that the journal reactions at the pedestal boxes are the 
resultants of the several component reactions at the coupled driving- 
wheel boxes. A further simplification is effected by neglecting the 
obliquity of the connecting rod. This amounts to neglecting the 
effect of the higher harmonics in the induced oscillation. This is 
further justified in view that the revolving balancing weights can 
take care only of the primary harmonics. 

In order to avoid increasing the complexity of the general problem, 
we will assume the inertia effect of the connecting rod as equivalent 
to an additional reciprocating weight at the crosshead and an addi- 
tional revolving weight at the main crankpin. 

In considering the kinematics of the problem, we will consider the 
fore-and-aft motion as a function of the angular coordinate of the 
turning of the driving wheel 6 and the nosing motion as a function 
of the angular coordinate ¢ for angular motion in a horizontal plane. 

Any reciprocating part has a relative displacement S with respect 
to the frame, but this in turn is a function of the coordinate 0. 
Therefore the motion of the reciprocating part is compounded from 
the coordinate 0 and ¢. 


F = tangential frictional force at the base of the drivers, which 
we will assume equally divided for the right and left 
wheels 

Z = the drawbar pull and Z,, its mean value 

M; = mass of frame, boiler and truck wheels, including a term 
for their rotary inertia 


Mp = mass of driving wheels, kg = their radius of gyration 
™m = mass of reciprocating parts 

me = mass of counterbalance at crankpin radius 

8 = relative displacement of piston 

x = RO = displacement of the locomotive 


e z 
M,=-(M.— 
e eT 
4 
\ Zq 
| 
| \ 
\ 
\ 
\ 
\ 
M, 
4 
& 
| 
4 
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0 = crank angle for right crank from forward dead-center piston 
ta) = swaying or nosing angle 
R= = wheel radius, r = crank radius, / = connecting rod length 


L G . 
y =< cross-balance, and y = = static balance 


c 
= 
2 
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The kinematic reactions give, for the reciprocating parts: 


= (R—rsin — r6* cos 0 + 


= (R + r cos — 16% sino — 


in which the centripetal component of the angular motion due to 
nosing is neglected. 

For the horizontal components of the acceleration of the counter- 
weights in the wheels, we have: 


= (R + rsin @) 6 G? cos © + yd 
= (R —rcos @) © + sin — yo 


y= > for dynamic balance, y = ° for static balance in which the 


aiumeien component of the saan motion due to nosing is 
neglected. 


The equations of motion for the reciprocating parts are: 
P,— P,’ = m,U, and P; — Py’ = mU, 
Considering the kinetic equilibrium of the driving wheels, we 


have, noting z = R®: 
H,— F—P,’ +P,’ = (110 + mes (sin 0 — cos 
X (cos + sin 
kp? 
P,’r sin @ + Pi’ r cos 0 — FR = (Mp R 


+ mar (sin 8 — cos @))z + my ¢ r(sin 8 + cos @) 
where 


L 
2 


y= or 
[P,’ + cos 8 + O sin +[P.’ — sin 8 
a 
— cos 8)] (H, + Hi) = — for a cross-balance 


G G 
5 + m,rO(cos + sin 95 


(P,' + + mer@? (cos — sin @) 


=— for a static balance 


Combining these equations, we obtain: 
(SS) + Py 


= Mp ¢ + “2*) x + 2m, (sin — cos O) X + m,r(cos O 


+ sin + mud X (sin + cos 


and the pedestal reactions are: 
1 For a cross or dynamic balance: 


H, = (P,’ + mer(@? cos © + O sin O 


Mp.. , 


— 6 x (FE 


Hi = (P,’ 


sin @ — cos 6) + Mb z+ pe 
a 


2 For a static balance: 


L 


+ mer(@2 cos 


2a 


/@— F  Mpt . Ipo 
2a 2 2 a 


mer(@2 cos O 


H, = P,’ 


G—a 
2a 


+ @ sin 0) ( 


— 


Gt+a F Mp... 
2a 2 2 


mer(8? sin 8 — re) cos ( 


Now considering the horizontal reaction on the frame, we have: 
P, — Pt — Hy + = 
re + m, 


Substituting for the pedestal reactions, we have for the equation 
of oscillation for the fore-and-aft vibration of the locomotive: 


where P, = P,’ — m, U, and P, = 


r Tr r 
sin 0 + Pi R cos — z) —m0, (1—Z sno) 


r 1 kp? 1 

— mite (1 + 0080 =1Mp 1+ + x 
+ 2me (sin@—cos@) + mer(cos + sin 9) 
me (sin + cos 


Substituting for the accelerations, U, and U;, we have: 


z sin + P; cos 8 — z) (m, — m,) rw? (cos @ sin 0) 
L 
+ 2(m,— m,) (sin — cos 8) r 8 + —mav) R (sin 


ka? r? 
+ = [ato (1 + + + me i 


Next we will consider the equation for the nosing or swaying mo- 


ments. 
If we consider the angular motion of the frame, the reactions 


having moment effect are: 


a 


1 The steam pressures on the cylinder heads P, and P, 
2 The pedestal reactions H, and H, 
3 The lateral reactions of the reciprocating masses. 


The latter are divided into the tangential and Cariolis components, 
which are set up due to the swaying or nosing angular motion of the 
frame. 

We will neglect the Cariolis component as small, and include the 
tangential or lateral component of the reciprocating parts as an 
additional moment of inertia of the frame. 

Therefore, for the angular motion of the frame: 


L a as 
(Pr + Pi) — (He + 


(where yp includes the lateral inertia loading of the reciprocating) 
parts, ete.) 


Substituting for the pedestal reaction, the nosing or swaying 
moment equation is: : 
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These equations offer an interesting verification by the general 
dynamical equations of motion. 

Let s, and s; = the relative displacements of the piston. 

Then 


s = r (l— cos 8) and s = r (l + sin 9) 


Os, 


n 0 and do 7 008 


and for the absolute motion of the reciprocating parts: 


U, = (R—rsin9) + >, U, = (R + r cos 8) O— > 


~ 


and for the absolute motion of the counterweight in the wheel: 


(R 
r@ sin 
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r cos 


The kinetic energy of the system is: 
T = 1/5 [ + Mp(1+4+ R + + 
m, L? ¢? + (m, — m,) Rr (cos — sin 0) 62 
L 
(m mav) r (sin © + cos @ + 1/2 (Uy + Ia) 


where it is to be noted Mp includes the term 2m,, M pkp? includes 
the term 2m,.r*, and J, includes the term 2m-,y? and the lateral mo- 
ment of inertia of the reciprocating parts, etc., about the vertical 
axis through the center of gravity of the locomotive, while Jg includes 
the same for the driving wheel pairs. 

The Lagrangian equations of motion are: 


ad (OT oT ds, ds, or 
(36 30 * 20 00 


‘(5 
dt 


T 
+ mo (1 + (#)*)] R? + 2m, R* + 


e L e 
+ 2(m,—m,) Rr (cos @—sin 0) — ( mz —may (sin + c080)4 


‘(3 + Me (14+ R? 6+ 2m,R6 + mrt 
at 20 R 


RAILROADS 


RR-51-5 81 
+ 2(m, — m.)Rr(cos © — sin 0)@ — 2(m, — m.)Rr(sin @ + cos @) 6? 
L L 
—(m, 3 —ma) r (sin + cos 9) 5 —ma) r (cos 
— sin 9) 
oT 
(m, — m,) Rr (sin 8 + cos 8) 6? 
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Further, 


ds 
P, + = P,r sin + Pir — ZR 


so that the first equation reduces to: 


r 


(>, sino + P15 — 2) + (m, — m,) r w*(sin 8 + cos 


2 (m, — m,) (sin 8 — cos 8) r 6 + (m5 — ma) (sin 0 


k 
+cosO)r@ = (4, + Mo + + 2m, + m z 


which verifies the previously derived equation for the fore-and-aft 
oscillation of the locomotive. 

If now we consider the second equation, a function of the angular 
motion about a vertical axis, we have: 


oT 
=— (™ r(sin 8 + cos 9) + (Uy + la + 
oT 
5 (3 =— m — may) risin © + c08 6) 6 — (m 


mev) r X (cos 6 — sin + Uy + Ia + 4/2 m,L*) ° 
and 
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where I = Iy + Ig + 1/2 m,L? 


which agrees with the previously derived equation for the nosing 
moment. 

Neglecting the linear and angular acceleration of the locomotive 
as small, these equations reduce to: 

For the fore-and-aft vibration: 


sin® + Pi —2) + (cos @ 


+ sin@) =Mz 


where the first term is due to the oscillation set up by the steam 
pressure at low speeds, and the second term is the inertia reaction 
of the reciprocating parts at high speed. 

For the nosing or swaying moment: 


(m (cos @ + sin @) r w? = 


L G 
where y = Fy cross-balanced, y = 2 statically balanced. 
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Discussion 


Lawrorp H. Fry.‘ The author presents a detailed analysis 
of the mathematics of locomotive counterbalancing, and the 
paper will doubtless be valuable to those concerned with the 
detailed calculations of balancing. It may well be, however, 
that progress in locomotive counterbalancing can be furthered 
best by treating the subject with less mathematics instead 
of more. Better methods of balancing will be adopted when 
the advantages of these methods are presented simply and 
clearly so that the railroad officials responsible for a decision 
can judge the matter without being practicing mathematicians. 
The object of counterbalance in a locomotive is to counteract 
the disturbing inertia forces set up by the rotating and recipro- 
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and Counterbalance 


About two years ago the writer was given the problem of 
securing permission for an increase in static weight because of 
decreased dynamic augment due to an improved method of 
counterbalancing. The methods of calculation and representa- 
tion, as illustrated and described, were developed and proved to 
be satisfactory. 

Fig. 47 represents the final results for a 4-8-4 type locomotive 
with cylinders 30 by 30 in., driving wheels 73 in. in diameter, 
reciprocating parts weighing 2241 lb. a side, and a total loco- 
motive weight of about 422,000 lb., of which about 269,000 Ib. 
is on the drivers. Fig. 47 shows for each of the driving wheels 
the “equivalent weight’’® of the mass actually unbalanced in 
that wheel. This mass is that effective in producing the un- 
desirable dynamic augment. Further, it shows the unbalanced 
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Fie. 46 Particutars oF RotaTinG Parts AND COUNTERBALANCE IN MAIN Drivina WHEELS 


cating parts of the engine. Unfortunately, any counterbalance 
added to oppose the horizontal inertia forces of the reciprocating 
parts must of necessity set up unbalanced forces which have an 
undesirable effect on the track structures. The designer’s aim 
must be to effect a satisfactory compromise so that sufficient 
balance for the machinery parts is obtained without throwing 
undue stress on the track. 

This is of course well known, but unfortunately designers have 
not always stated the results of their counterbalancing in clear 
and simple terms. Unless this is done it is impossible to judge 
intelligently between various proposed methods of balancing. 
The matter is of considerable importance because the permanent- 
way structures limit the total load allowance for a locomotive, 
and this total load is made up of the static weight and of the 
dynamic augment due to the vertically unbalanced parts. It 
follows, therefore, that if the dynamic augment can be decreased, 
the permissible static load can be increased. In order to obtain 
from the bridge and track engineers permission for such increase 
in static loading, it is desirable to have a method of calculation 
and presentation which will show in simple but exact terms the 
amount of dynamic augment for each axle of the locomotive. 


‘ Metallurgical Engineer, Standard Steel Works Company, 
Burnham, Pa. Mem. A.S.M.E. 


mass in each wheel revolved into two components—one acting 
at right-angles to the wheel diameter through the crankpin and 
the other acting along this diameter. The latter mass is that 
which tends to counterbalance the reciprocating parts, so that 
the total balance provided for the reciprocating parts is found 
by adding up the equivalent weights shown to be acting in all 
the wheels opposite to the crankpins. The table below the 
diagram shows the complete effects of dynamic augment and 
of balance of reciprocating parts. This will be discussed after 
dealing with the detail methods of calculation which are illus- 
trated in Fig. 46. 

Fig. 46 gives particulars of the rotating parts and counter- 
balance in the main driving wheels. At A are shown the equiva- 
lent weight of the rotating parts on one side of the main wheels 
and the relative position of these parts to the wheels. The main 
pin carries a rotating equivalent weight of 2665 lb., and the plane 
in which the resultant of these parts acts is 71.65 in. from the 
opposite wheel, while the distance between the planes in which 
the counterbalances act in the wheels is 62 in. The first step is 


5 The term “equivalent weight’’ is used in connection with ro- 
tating parts and counterbalances to mean the weight of that mass 
which rotating at the same radius as the crankpin would produce 
the same inertia force as the rotating parts in question. 


to determine the equivalent weights which, if placed in the 
plane of the counterbalances, would have the same effect as the 
revolving parts. These are shown at B for both wheels. The 
2665 Ib. at the left pin can be replaced by 3080 lb. in the left 
wheel adjacent to the pin, and 415 lb. in the right wheel at 180 
deg. from the left pin. To replace the right-hand rotating parts 
requires similarly 3080 lb. in the right and 415 Ib. in the left 
wheel. 

It follows that the effect of the rotating parts carried by the 
main crankpins is the same as would be produced if each wheel 
carried in the plane of its counterbalance two equivalent 
weights—one of 3080 lb. at the crankpin and another of 415 lb. 
at 90 deg. from the pin. The counterbalance provided to offset 
the effect of these weights and to provide some balance for the 
reciprocating parts consisted, in the case under consideration, 
of an equivalent weight of 3170 lb. set, as shown at C, 8 deg. 
from the diameter through the pin. The effect of this, shown 
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2 The vertical disturbance of the dynamic augment. 

The mass of the reciprocating parts is 2241 lb. This pro- 
duces a force acting in the direction of the crankpin and is 
opposed by the forces set up by the sum of the equivalent weight 
components acting opposite the pins. These amount to 411 lb., 
leaving 1880 lb. of the reciprocating parts on each side un- 
balanced, and therefore effective in producing fore-and-aft 
shaking of the locomotive. This shaking is resisted by the mass 
of the whole locomotive, which is 432,000 lb. The weight of 
the unbalanced mass, 1830 lIb., is '/2:, of the total weight of the 
locomotive, or put in another way, 4.3 lb. is unbalanced for 
each 1000 Ib. of total locomotive weight. This is a rather high 
figure for unbalanced weight, but the locomotive is reported as 
riding quite satisfactorily. Even higher proportions are re- 
ported as operating successfully; for example, a 2-8-4 type 
locomotive with 63 in. drivers with 5.4 lb. per 1000 lb. of total 
weight unbalanced has given no cause for complaint. As each 
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Fic. 47. Resvuits or Batancine a 4-8-4 Type Locomotive 


at D, is equivalent to 3140 lb. opposite to the pin and 441 Ib. 
at 90 deg. to the pin. The combined effect of rotating parts 
and counterbalance, when the proper cancellation is carried 
out, is found to be equivalent to 60 lb. opposite the pin and 26 lb. 
at 90 deg. to the pin, as shown at E. These two equivalent 
weights have as resultant 66 lb. at an angle of 23 deg. 30 min. 
with the diameter through the pin, as in F. This 66 lb. is the 
equivalent weight which produces the dynamic augment in each 
of the main wheels, while the 60 lb. opposite the pin is the equiva- 
lent weight effective in each main wheel as balance for the re- 
ciprocating parts. This method of calculation gives a simple 
but perfectly complete statement of the condition of balance of 
the main wheels. A similar process applied to the other wheels 
gives the results collected in Fig. 47. This shows the resultant 
equivalent weight which remains unbalanced in each wheel 
when rotating parts and counterbalance are considered. It also 
shows that the components of this resultant wheel act re- 
spectively opposite the crankpin and at 90 deg. from the pin. 
In this way there is obtained a clear and accurate picture of the 
effects of all of the unbalanced masses of the engine. The most 
important of these effects are: 

1 The horizontal fore-and-aft shaking effect due to the 

unbalanced mass of the reciprocating parts 


pound added for reciprocating balance adds to the dynamic 
augment, it is desirable to add no more than the minimum 
necessary to secure satisfactory riding. Exact information as to 
the amount of reciprocating weight which can be left unbalanced 
in different types of locomotives is somewhat scanty, because 
the methods usually adopted for stating the conditions of balance 
are faulty. 

Further collection of data on the subject is desirable. This 
should be based on a method of calculation similar to the fore- 
going in which due account is taken of the difference in plane of 
the rotating parts and of the counterbalances. Otherwise, very 
misleading results will be obtained. For example, turning back 
to B, Fig. 46, it would be in accordance with current practice to 
put the weight of the rotating parts—that is, 2665 lb.—in the 
wheel opposite the pin and to say that the rotating parts were 
fully balanced. Actually, as may be seen, this would leave 
415 lb. out of balance acting at the crankpin side of the wheel 
and the same weight of 415 lb. unbalanced at 90 deg. to the pin. 
The 415 lb. at the pin would act to decrease by that amount 
any balance put in the other wheels to balance the reciprocating 
parts. The condition is even worse so far as dynamic augment 
is concerned. The two equivalent weights of 415 lb., one at the 
pin and the other at 90 deg., have a resultant effect of 587 lb. 
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acting 45 deg. behind the pin. It is evident that it is very far 
from correct to put into the wheel opposite to the pin a weight 
equal to that of the rotating parts and then to assume that the 
rotating parts are fully balanced. 

Fig. 47, besides showing the balance provided for the recipro- 
cating parts, gives full information as to the dynamic augment. 
The dynamic augment in each wheel is the force produced by 
the rotation of the resultant equivalent weight shown. At 
diameter speed the force exerted by a rotating mass is equal to 
the wquivalent weight of the mass multiplied by 3.2 times the 
erankpin radius. With a 30-in. stroke this makes the dynamic 
augment 48 iiumes the equivalent weight. Thus the equivalent 
weight of 147 lb. in the No. 3 wheel produces at diameter speed 
a dynamic augment of 7050 lb. This load is alternately added 
to and subtracted from the static load on each wheel once during 
each revolution. The dynamic augment for each wheel is tabu- 
lated in Fig. 47, and in the line below this is given the maximum 
dynamic augment for each axle. It is to be noted that the 
increase in axle load from dynamic augment is not twice the 
increase in wheel load. This comes from the fact that the 
equivalent weights in the two wheels act at an angle of 90 deg. 
apart. Consequently, the maximum overload on the axle 
oceurs when the two resultant equivalent weights are acting 
downward each at an angle of 45 deg. from the vertical, one 
ahead of and the other behind the vertical. In this position 
the vertical effect of each equivalent weight is 0.707 of its maxi- 
mum, so that the total vertical effect on the axle is 1414 times 
the effect of the unbalanced equivalent weight on one side. 

The third line in Fig. 47 shows the dynamic augment for each 
axle, and this added to the static axle load, line 4, gives in line 5 
the total maximum load at diameter speed. By calculating and 
tabulating as shown in Figs. 46 and 47, an accurate and easily 
understood picture of counterbalance conditions is obtained. 
If two different methods of counterbalancing are presented in 
this way, it will be possible to compare them and make a choice 
between them without any mathematical effort. For example, 
compare the results shown in Fig. 47 with those to be obtained 
by the usual method of balancing already referred to. The 
main wheels illustrated in Figs. 46 and 47 are cross-counter- 
balanced; that is, the counterbalance is set at an angle to take 
into account the distance between the plane of the rotating parts 
and the plane of the balance in the wheel. The usual method 
of balancing would be to put into the wheel, opposite the pin, 
a balance having an equivalent weight equal to that of the ro- 
tating parts. As shown, this gives an unbalanced equivalent 
weight of 547 lb. in each wheel. This at diameter speed pro- 
duces a dynamic augment of 26,200 lb. per wheel and 37,200 lb. 
per axle. There is also, as has been seen, a component equiva- 
lent weight of 415 lb., increasing the fore-and-aft effect of the 
reciprocating parts. 

The difference between cross-balancing and the usual method 
can then be summed up very readily, thanks to the method of 
analysis used. By cross-balancing, 66 lb. is provided as balance 
for the reciprocating parts, and the maximum dynamic augment 
is 9.950 lb. per axle. By the usual method 415 lb. acts with 
the reciprocating parts to increase the fore-and-aft lack of bal- 
ance, while the dynamic augment is 37,200 lb. per axle. Stated 
in this way the great advantage of cross-balancing is at once 
apparent. 

In conclusion, this discussion is not primarily directed to an 
advocacy of cross-counterbalancing. It is a plea for an accurate 
method of analyzing the balancing of locomotives and for a 
simple non-mathematical method of stating the results. If 
these are adopted. the advantages of proper balancing methods 
will become self-evident and improvement will follow. The 
matter is of considerable importance in cases where the per- 


manent-way engineers set a limit on axle loads and where an 
increase in static load can be obtained provided the dynamic 
load is decreased. The way to more powerful locomotives may 
be opened by better balancing. 

Improvement in balancing should not be looked on, however, 
as a reason for relaxing efforts to keep down the weights of 
rotating and reciprocating parts. This applies particularly to 
large locomotives with wheels of small diameter in which it is 
usually impossible to insert sufficient counterbalance for proper 
results. 


A. Lirerz.6 Dr. Eksergian’s paper is a valuable contribution 
to the literature on balancing steam locomotives. The subject 
of balances usually has been considered from the point of view 
of balancing the locomotive, as a whole, according to the princi- 
ples of theoretical mechanics. This theory of cross-balancing 
has been correctly expounded as far back as 1855 by Daniel K. 
Clark in his classical work, ‘Railway Machinery.” It was 
followed up by other authors and practically completed by 
Professor Dalby in his well-known book, “Balancing of Engines.”’ 
Professor Dalby also developed very elegant graphical methods 
for determining proper counterbalances for locomotives. 

Practice, however, differed from theory, especially in this 
country, and otdinary methods of balancing have been used 
instead of proper cross-balancing methods required by theory. 
In Europe, however, where locomotives are smaller in size and 
lighter in weight, and railway clearances sometimes even larger 
than in the United States, the question of cross-balancing offered 
no difficulties, as it did in this country. The rail pressure was 
therefore taken up as the next problem, as only the proper 
theoretically correct cross-balancing method could permit the 
correct figuring of rail reactions. Authors who contributed to 
this subject were mostly German, French, and Russian; they 
considered dynamic pressure of wheels on rails, but for each wheel 
separately, and tried to keep it individually as low as possible. 
Lately rail stresses resulting from the combined action of wheels 
have been investigated by the Rail Stress Committee of the 
Russian Railway Ministry. The proceedings are now available, 
but in the Russian language only. 

Dr. Eksergian is the first to my knowledge to present in English 
a study of the problem in its entirety. The mathematics of the 
paper is, of course, generally correct, although not easily read- 
able by the practical engineer, as can be inferred from Mr. Fry's 
remarks. However, whether to use the analytical or the graphi- 
cal method is more a matter of taste and habit—the representa- 
tion in either case must be correct and complete—and so it is in 
Dr. Eksergian’s paper. In the graphical method the diagrams 
should be, moreover, made to scale; otherwise, they are mis- 
leading. 

The writer shall discuss the paper from a more general and 
practical point of view, touching upon theory only as much as 
necessary for clear understanding. The writer shall not use, 
though, Dr. Eksergian’s terms ‘‘static balancing’’ and “dynamic 
balancing,’’ which he does not consider quite explicit. The 
meaning of the first is offsetting the effect of horizontal com- 
ponents of forces by one equal and opposed force, and therefore 
it is not exactly a balancing at all, because it takes two forces 
te balance a system of parallel forces in one plane, whereas the 
other, ‘“‘dynamic balancing,” is a balancing of forces and couples. 
and consequently is balancing in the proper meaning of the term. 
A better designation of the two methods would probably be 
“force balancing’ and “couple balancing,’ or “horizontal” 
balancing and “‘total’”’ balancing. Still simpler is “the ordinary 


* Consulting Engineer, American Locomotive Company, Sche- 
nectady, N. Y., and non-resident Professor of Locomotive Engineer- 
ing, Purdue University, Lafayette, Ind. Mem. A.S.M.E. 


4 
5 
= 


method of balancing’ and “the cross-balancing method,” to 
which terms this discussion shall adhere. 

It is to be remembered that in this country there are over 
60,000 steam locomotives, some of them running at very high 
speeds, with counterbalances approximately figured according 
to the simple rules of the American Railway Association estab- 
lished many years ago. Only in some locomotives, where not 
enough balance could be placed in the main wheels even for the 
revolving weights, and where, therefore, there is a great de- 
ficiency, resulting in hammer blows amounting sometimes to 
50,000 Ib. per wheel, difficulties became apparent and rail failures 
took place. Otherwise, the ordinary method has proved in 
practice to be fairly satisfactory, both for rail stresses and from 
the point of view of riding qualities. It is appropriate to ask 
why such a result and discrepancy between theory and practice 
are possible and why our practice is different from that of Euro- 
pean railways. The reply is that the ordinary method of bal- 
ancing introduces horizontal forces equal and opposed to the 
horizontal components of all other forces; the result of this is 
the balancing of the fore-and-aft vibrations of the locomotive, 
without paying any attention to the couple effect of the forces. 
This gives sufficient horizontal balancing of the fore-and-aft 
disturbances, and while it does not secure such a great balance 
of couples, it is enough, as experience shows, for taking care of 
nosing and other disturbances due to the couple effect. When 
we aim at 50 per cent balancing of reciprocating weights, we get 
a 50 per cent balancing of the fore-and-aft vibrations, and in- 
cidentally, a smaller, maybe 25 to 30 per cent, balancing of the 
couples and nosing effect. By using the cross-balancing method 
the Europeans introduce two balancing forces for reciprocating 
weights of each side of the locomotive, and consequently they 
balance the forces and couples at the same time and to the 
same extent. If they balance by the cross-balancing method 
50 per cent of the reciprocating weights, it means they balance 
50 per cent of the fore-and-aft vibrations, as we do, and 50 per 
cent of the nosing oscillations, instead of our 25 to 30 per cent. 
Now, it is a question whether it is necessary to have exactly the 
same percentage of balancing for couples as for forces. Nobody 
has ever proved that. The experience of the American 60,000 
locomotives seems to prove the contrary. The nice riding 
qualities of American locomotives show that it is not necessary 
to balance the couples to the same extent as the reciprocating 
forces. The nosing and side swaying of a locomotive is only 
due in part to the reciprocating forces; it is mostly due to the 
unevenness of track, to the effect of rail joints, to the profile of 
the tires, and many other reasons. The nosing of the vehicle, 
caused by these reasons, is only increased to a certain extent by 
the couple effect of the reciprocating weights. Why should we 
be so particular about eliminating a portion of the nosing if we 
cannot eliminate the principal causes of nosing of the locomotive? 
This is to be taken care of by other means, and it is actually 
being done by the proper design of locomotives and their trucks. 

Further, in view of the fact that practically all freight loco- 
motives up to recent times had small wheels, and deficiencies in 
main balances were unavoidable, it mattered very little whether 
the locomotive as a whole was properly balanced, especially in 
view of the fact that long-wheelbase locomotives with large 
polar moments of inertia around the vertical axis did not require 
much balancing of the couple effect. If one takes into considera- 
tion that some of the European locomotives are figured on 33 
per cent balancing of forces and couples due to reciprocating 
weights, it can readily be seen that if 67 per cent of unbalanced 
couples prove permissible, 75 per cent might be just as good, 
this requiring only a 25 per cent balancing of couples, which can 
be obtained by figuring on a 50 per cent balancing of recipro- 
cating forces by the ordinary method. The nosing effect and 
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other disturbances, which result from the unevenness of track 
and which are greatly offset by the large moment of inertia and 
by the splendid designs of modern locomotive trucks, overweigh 
the importance of the disturbances which are due to the non- 
balancing of couples. That the balancing of the couples of the 
reciprocating weights has very little to do with the good riding 
qualities of locomotives can be seen from the fact that some 
electric and turbine locomotives are, as to riding, inferior to 
reciprocating steam locomotives. Thus, while there is a differ- 
ence between the American and European methods, both give a 
sufficient balancing of the locomotive as a whole. The problem 
confronting the American railroads is not the question of a 
choice between the proper and the improper, the ordinary and 
the cross-balancing methods; it is the question of the counter- 
balance deficiency, which we get in some wheels, resulting in 
very high dynamic augments, which breaks rails. 

The question of counterbalancing in this country should be 
solved in the direction of reducing this deficiency. One of the 
ways of reducing the deficiency is the larger wheel, as indicated 
in the paper. The American railroads have gone to larger 
wheels for other reasons, too. The 63-in. wheel has been super- 
seded by 67-in. and 69-in. wheels for freight locomotives. With 
67-in. and 69-in. wheels we have little difficulty in putting in the 
main wheels the required counterbalances, and the writer thinks 
that at present, from the point of view of counterbalance de- 
ficiency, the question of balancing locomotives is easier than it 
was twenty years ago. 

As to another suggestion made by Dr. Eksergian regarding 
counterbalance deficiency—namely, the slight angling in the 
main-wheel balances—the gain can be of some relative value 
when the deficiency is small, and of small relative and absolute 
value when the deficiency is large, and when its elimination is 
mostly needed. 

It is proper, as Dr. Eksergian actually did, to consider the 
balancing of locomotives from the point of view of railway track 
stresses. In this connection the writer would like to call atten- 
tion to Figs. 29 and 30 of the paper and to the tabulation of 
stresses. If one compares the summation of stresses given in 
connection with the latter figure with that of the former, it is 
seen that the smaller result is due not only to the lesser dynamic 
pressure from the main wheel, but also to the neutralizing effect 
of the other drivers which is the result of the pronounced vertical 
direction of dynamic forces in the latter case, as compared with 
the almost horizontal direction, in Fig. 29. Provided that Dr. 
Eksergian’s formula of rail bending is correct, the foregoing 
results show that the proper method of balancing, which gives 
dynamic augments directed substantially parallel in the whole 
set of wheels on one side of the locomotive, is also advantageous 
from the point of view of rail stresses and that excess balances 
in driving wheels scattered at different angles may be very in- 
jurious to the track. This is a very important argument in 
favor of the correct cross-balancing method. 

In this connection, considering first the revolving weights, the 
only thing to do is to employ the cross-balancing method. The 
writer agrees with Dr. Eksergian in his conclusion that one 
should cross-balance revolving weights in the main wheels. 
Since that may be done in the main wheels, it might be just as 
well to introduce it in the coupled wheels. Then there will 
result a completely balanced locomotive as regards the revolving 
weights, without any dynamic augment. This is what one 
should try to do if he can get away from the deficiency 

As to reciprocating weights, one may make use of the ex- 
perience in the United States with 60,000 locomotives, which 
show that actually there is no need to get an equal percentage 

for balancing forces and couples. Then one may use the ordi- 
nary method of balancing. Why should he do that? For the 
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reason that the resultant dynamic augment in the cross-balancing 
method is larger than the simple dynamic augment in the ordi- 
nary method with the same percentage of balancing. The writer's 
suggestion would thus be to have all revolving weights cross- 
balanced and the reciprocating weights balanced in the ordinary 
way, to the desired percentage. Then one can get the minimum 
dynamic augment. It is further recommended not to place 
any excess balance in the main wheel, because there is an addi- 
tional force in this wheel which no other wheel has—namely, the 
component of the piston thrust. The excess balances which are 
needed for reciprocating weights should be divided between the 
coupled wheels only. 

A further thought which could be introduced in this subject 
would be not to have any excess balance for reciprocating weights 
at all. It would not be possible to do this in two-cylinder loco- 
motives where the fore-and-aft vibrations must be taken care of, 
but it would be feasible in three-cylinder locomotives where 
these vibrations are practically nil, because for the nosing of a 
large three-cylinder locomotive the balancing of the reciprocating 
weights is really not necessary—this in accordance with the 
foregoing discussion. 


C. T. Rietey.?’ Dr. Eksergian referred to the 4-8-2 type 
locomotive on his road having a maximum weight on each pair 
of drivers of 63,000 lb., to which the principle of cross-balancing 
had been applied. It was desired to increase the weight of the 
drivers of this locomotive to 70,000 lb. in order to obtain addi- 
tional power. This weight was considerably above that allowed 
by the track and bridge department of the road. However, an 
experimental locomotive was built with 70,000 Ib. on each pair 
of drivers which was operated over a track equipped with track- 
stress measuring devices. The results of this test, the author 
said, showed that although this locomotive was considerably 
heavier than the maximum weight allowed on the drivers, it 
developed a lower rail stress than the locomotive which only 
weighed 63,000 lb. on individual drivers. The writer would 
say that his road intends to follow the practice of cross-counter- 
balancing on all future locomotives. 


H. A. F. Camppetu.2 The writer is not going to discuss this 
paper from a mathematical standpoint. It will certainly stand 
as a mathematical treatise on the subject of locomotive counter- 
balancing. If those who may wish to study this subject will 
look though textbooks, they will find very little on the subject. 
The writer knows of only two papers like this one—one by Mr. 
A. Lipetz and the other by Professor Dalby of England. The 
writer would like to consider, from the builders’ standpoint, the 
practical side of the counterbalancing. 

Dr. Eksergian has given a theoretical discussion on the subject, 
Mr. Fry speaks on the necessity of cross-balancing, and Mr. 
Ripley has spoken of the same. That is all very well. The 
point, however, is that the railroads require ever more and 
more powerful passenger and freight locomotives to develop 
60,000 Ib., 70,000 Ib., 80,000 lb., and 100,000 lb. starting tractive 
power. 

But here is where the catch comes in. Granting that all have 
the theory and that all understand it, on the actual engine, 
physically, practically, actually, how is one going to do what 
the theory tells should be done. All things are not possible with 
wheel hubs, main pins, main rods, siderods, crossheads, etc. 
The locomotives of today have crossheads that weigh 1000 lb., 
and the revolving weights on the main pin are so heavy that they 
are out of balance, 400 lb., 800 lb., even as high as 1200 lb. 


7 Chief Mechanical Engineer, Atchison, Topeka & Santa Fe 
Railroad, Chicago, IIl. 
* Baldwin Locomotive Works, Philadelphia, Pa. 


What can be done? Three things, as follows: 


(a) The right choice of the type of part 
(b) The most skillful design of this part 
(c) The right choice of material to use. 


That brings one back to the point as to what is possible to do 
in two cylinders and on two wristpins. There is no question 
that practice is rather near to the limit as to how big a wristpin 
and driving axle can be pushed into one wheel center. If larger 
powers are going to be used with the steam locomotive, designers 
must come to the duplex four-cylinder engine or the three- 
cylinder engine, simple or compound. Whether it is liked or 
not, one will be forced to use one or the other, or both. Rail- 
roads simply cannot go on operating freight locomotives at 
50 m.p.h. with the counterbalances the way they are now. The 
rail stresses must be terrific. They cannot be determined ex- 
actly, but they are surely high. 

In referring to the three-cylinder engine, the writer would like 
to make this statement: The English have used a great many 
of them. Quite a few have been built in this country, and 
in both cases some of the reciprocating parts have been balanced. 
From actual experience the writer can state that there is no 
necessity to balance anv of the reciprocating parts in the three- 
cylinder locomotive. There is left an unbalanced nosing 
coupling, but that nosing coupling will disappear except at one 
critical speed. 

Mr. Taylor on the Reading built three three-cylinder loco- 
motives. There was not one ounce of reciprocating parts bal- 
anced. The writer rode on all those engines up to almost 100 
m.p.h. There was no fore-and-aft vibration, no nosing action. 
Mr. Taylor at that time built two very complete counterbalance 
models, one with a three-cylinder locomotive arrangement and 
one with a two-cylinder. The writer tried to get those two 
models for this meeting. An illustration by model would do 
more than all the mathematics that can be written or talking 
that can be done to show the perfect smoothness with which 
the three-cylinder combination runs and the very drastic up- 
heavals that take place with the ordinary two-cylinder loco- 
motive. It is most interesting and convincing to watch a run- 
ning model. Seeing is certainly believing. The mathematics 
can convey no idea of just how “out of balance” a two-cylinder 
locomotive is. 

The object of the writer would be, of course, to confirm cross- 
balancing. It is just the a-b-c of balancing. It has been used 
abroad ever since they started locomotives. It certainly should 
be adopted in this country. It is being adopted, but it is not 
going to be possible to keep on raising up the driving wheel rail 
loads 70,000 lb., 75,000 Ib., 80,000 lb., and to run main wheels 
that are 1000 lb. out of balance. It is done, but it should not be. 

In all fairness it must be frankly admitted that all cannot 
follow all of the mathematics that Dr. Eksergian has given. 
But one can understand a rail load of 75,000 lb. and a main 
wheel out of balance 1000 lb.; that one prominent railroad 
breaks a rail every 15 hours and that on first-class railroads last 
year about 5,000 rails were broken. That is real, and it is the 
situation at present. It is one of the reasons for Dr. Eksergian’s 
paper—to stir up interest; to start one to thinking and figuring 
a little; to make one check up. One thing is sure—if it is not 
sound engineering that is being done today, it will not endure, 
it cannot. 


Secsy Haar.® The writer wonders if the entire theory of 
balancing is in Dr. Eksergian’s formula and the others that have 
been mentioned, because he knows of some electric motor cars 
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with apparently symmetrical bodies and he knows that the truck 
is symmetrical, and they nose severely. 


J. G. Buunr.” I am particularly interested in that part of 
the paper referring to rail stress and the guiding qualities of a 
locomotive. As a result of improving the guiding qualities, the 
dynamic effects, especially the lateral stresses in higher-speed 
locomotives, have been greatly reduced, as well as wear on the 
rails and tires. There are some locomotives that have a low 
lateral resistance and no softening resistance at the front axle, 
such as that provided by lateral motion devices, that have been 
designed to place the resistance at the engine truck and soften 
the resistance at the front axle so as to bring the locomotive 
easily into a curve and move the rotative point of the locomotive 
further back toward the center. This makes the lateral resis- 
tance at the front of a locomotive coordinate with the correct 
resistance at the rails so that when the locomotive enters a 
curve, at high speed, it will take it very easily the entire distance. 
This feature can be incorporated into the design of a cross- 
balanced locomotive, and should be of considerable assistance 
toward obtaining the desired results. 


AvuTHOR’s CLOSURE 


The trend of discussion appears in accordance with a major 
purpose of this paper; that is: (1) as to the necessity of cross- 
balancing main driving wheels of modern power even to the 
extent of maintaining limiting wheel diameters consistent with 
a satisfactory balance; and (2) as to the importance of accurately 
estimating the actual rail and track loadings as well as the calcu- 
lation of rail stress for a given balance condition of a locomotive, 
so that actual allowable loadings at speed will not be exceeded 
beyond given limits. 

Moreover, the trend of opinion as voiced by Messrs. Lipetz, 
Campbell, and Fry is remarkably consistent in regard to the 
balance conditions of the locomotive itself, particularly as to 
relative unimportance of the nosing moment as compared with 
the fore-and-aft vibration. This is an important conclusion, 
because by minimizing the importance of the nosing moment 
the methods and the percentages of balance are modified and 
the dynamic augment is reduced for both two- and three-cylinder 
locomotives. 

It is admitted that in view of the large polar moments of 
inertia of large modern locomotives, the nosing moment is of 
less importance than the fore-and-aft vibration, so that a static 
balance for the reciprocating parts alone is satisfactory. 

But when we consider the heavy revolving parts of modern 
power, with considerable difference in their planes of action, a 
simple static balance results in a two-fold effect: (1) It further 
augments the increased nosing moment due to the reciprocating 
parts alone, and (2), more important, it greatly augments the 
rail pressure. Thus even further admitting the possibility of 
neglecting the augmented nosing moment of the reciprocating 
parts, we are still confronted with a very bad rail pressure when 
the planes of action of the revolving weights are appreciably 
separated. 

For this latter reason, if alone, the static balancing of loco- 
motives should be discouraged, particularly for main drivers, 
with considerable out-of-plane condition for the revolving parts. 
Moreover, while the nosing moments with modern locomotives 
may result in small amplitudes of vibrations for the locomotive 
as a whole, they do result in augmented pedestal loads, resulting 
in increased wear and tear in machinery. 

As Mr. Lipetz has brought out, that while a 50 per cent static 
balance is equally as effective as a 50 per cent dynamic balance 


1 American Locomotive Works. 


so far as the fore-and-aft vibration is concerned, the nosing 
moments, however, for the static balance will be reduced to 25 
to 30 per cent as compared with 50 per cent for a dynamic 
balance. Mr. Lipetz’s opinion, as also concurred in by Mr. Camp- 
bell and Mr. Fry, is that this reduction is relatively unimportant. 

Thus, for example, in a modern Mountain-type locomotive 
the unbalanced nosing moment when dynamically balanced by 
50 per cent, both for revolving and reciprocating parts, gives an 


wr wr 
unbalanced nosing moment of 7000 — ft-lb. against 13,600 — 
g g 


ft-lb., when statically balanced to the same percentage. If we 


left Wheel 


Right Wheel 
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cross-balance the main driver but leave the coupling drivers 
statically balanced, the unbalanced moment becomes 


10,800 =" ft-lb. Since the fore-and aft vibration is un- 


affected, we see that, so far as the balance of the locomotive is 
concerned, it is fairly immaterial whether we cross-balance for 
the coupling drivers, and in view of the larger polar moments 
of inertia we could further disregard cross-balancing even for 
the main driver. Therefore, the balancing arrangement appears 
more dependent upon the rail pressure considerations rather 
than the balancing condition of the locomotive itself. 

We will now consider the minimum rail pressure with a given 
dynamic augment or balance in the plane of the wheel for the 
reciprocating balance. We have an interesting condition in 
combining the dynamic augment for the reciprocating parts 
with the loading caused by the out-of-plane condition of the 
revolving parts. (See Fig. 48.) 


Let wy = revolving weight and its corresponding counter- 
balance component in the wheel 
h = distance of revolving weight from plane of wheel 
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wa = dynamic augment used for counterbalancing re- 
ciprocating weights. 


If we consider the system consisting of a pair of wheels and 
axle, we evidently have two single forces wa and two couples 
wh at quadrature. The couples due to the revolving weights 


combine into a resultant V/2 wrh at the 45-deg. plane. The 
resultant couple must be equivalent to a couple composed of 
two equal and opposite forces in the left and right wheel of 
h 
magnitude 2u, 
If we now consider the right wheel, the couples due to the 
revolving weights produce component forces in the plane of the 
G’ which on combining gives the resulting 


7 


wheel of magnitude 


force J/ 275° due to the revolving weights. On combining 
7 


with the dynamic augment the resultant force is: 


r-¥ 
Wa 
Wa Wad 


h 
Evidently when wa > wr ra the rail pressure is reduced over 


that of the dynamic augment for the reciprocating parts acting 


h 
alone. When w, G > wa the loading is increased over the dy- 


namic augment, so that a cross-balancing of the revolving weights 
is desirable. 


h 
That is, when wa > uy G the moment effect resulting from a 
7 


static balance of the revolving parts actually reduces the dy- 

namic augment of the reciprocating parts acting alone, while if 
h 

Wa < Ur G the moment effect of the revolving parts augments 

the rail pressure of the dynamic augments for the reciprocating 


h 

parts. The condition wa > uy G usually exists for the coupling 

drivers, whereas with the heavy overhanging weights in the main 


driver, we > wa. This justifies the reeommendation of cross- 
balancing for the revolving weights in the main driver, but 
statically balancing for the coupling drivers. 

We will now examine the possibilities of a partial cross- 
balancing of the revolving weights in combining with the dy- 
namic augment for the reciprocating parts, for a minimum rail 
loading. A partial cross-balance of the revolving parts means 
leaving unbalanced a certain percentage k of the resultant moment 
of the revolving parts; that is, 


unbalanced revolving moment = k V2 rh 


h 
corresponding unbalanced force in wheel plane =k V/2 Wr G = Wre 
h 
OA = V/2 Wr G 


=k V2u 


OB = wa 
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The resultant loading in the wheel plane is, therefore, 


R= V (wa — 0.707 Ure)? + (0.707 wre)? 


= V wat — V2 wa + Wee? 
and the minimum rail load must satisfy the conditions, 
dR 1 — V2 wa + 
dwWre 2 V wat V2 Wee Wa + Wee? 
v2 wa 
= Wd = 
re 2 


that is, the percentage of unbalance is 


= 0 


so that, 


and the balancing weight required for the revolving parts for 
minimum rail pressure when a dynamic augment for the re- 
ciprocating parts already exists in the wheel plane is 


(1 — k) /2 = 
G G 4/2 
at crankpin radius with a lag of 135 deg. from the crank, right 
crank leading. 

The results can be obtained graphically. OA represents the 
equivalent force of the unbalanced revolving weights in the 
plane of the right wheel. OB is the dynamic augment for the 
reciprocating parts. A partial balance of the revolving weights 
leaves the unbalanced force due to the revolving weight = OC. 
Now for minimum rail pressure the resultant of OC and OB = 
OD must be perpendicular to BE, so that ODB = 90 deg. There- 
fore 


Wa 


Wre = Wa sin 45 deg. = 


as before. 
Obviously the balance component required for the revolving 
weight is AC or 


h Wa 
— 


with a phase lag 135 deg. from crank. 
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The total track loading, i.e., per pair of wheels, remains in- 
dependent of the balancing, since the couples do not affect the 
track loading as a whole. The maximum total loading for a 
static balance is V/2 Wa. 

The required counterbalance in the wheel for this method of bal- 


ancing is evidently the resultant of w, + waand V2 Ws = — 


G /2 


that is, the balance weight at crankpin radius is 


2 u G G ) 


Due to the partial balancing of the revolving parts dynamically, 
the nosing moment reacting on the locomotive itself is augmented 
over a complete dynamic balance, but in view of the discussion 
this condition appears acceptable. 

When we cross-balance for the reciprocating parts resulting in 
an increase and angling of the dynamic augment wa, the same 
procedure of analysis for minimum rail pressure still holds. 

Thus from the diagram (Fig. 50) it is seen that the effect of 
the increased dynamic augment wa’ required for cross-balancing 
the reciprocating parts is neutralized or even reduced when com- 


Fig. 50 


bined with the vector for the revolving weight unbalance, due to 
the increased spread (a + 135 deg.) of the revolving weight 
vector and the dynamic augment. Of course, this is what we 
are virtually doing in a static balance when we partially cross- 
balance the revolving weights, as in the previous discussion. 

As before, if we partially cross-balance for the revolving 
weights we obtain the minimum rail pressure, but in this case 
the degree of partial balance required is obviously not as great 
as compared with a static balance of the reciprocating parts. 


h 
Evidently, k V2 a= wa’ cos (45 — a) 


so that 


and the required balance component for the revolving weights 
for minimum rail pressure is 


V2 


at crankpin radius. 

As a numerical example let us consider a Mountain type with 
data specified on the fifteenth page of the paper. Then, for the 
revolving weight moment loading, 


h 
V2 > Wr G = Gp (1040 X 16.5 + 958 X 8.5) = 596 Ib. 


with components 0.707 596 = 421 lb. 
With 50 per cent reciprocating balance we have 319 lb. per 
wheel. The resultant rail load is therefore 


wr 
R = — V/421? + 102? 
g 
wr 
4él = 433 — lb. 
g 
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Let us now partially cross-balance the revolving parts for 
minimum rail pressure. Then 


317 
v2 


with components, 0.707 225.5 = 159.5 lb.: 


= 225.5 


kure 


159.5 
wr 
R = —V2x 157.5 
g 
/59.§ wr 
= 225.5 — lb. 
Fie. 52 


A complete cross-balance of the revolving parts would have 
resulted in a rail load of the reciprocating dynamic augment 


wr 
319 — lb. Thus, the advantage of a partial balance of the 
g 


revolving weights is apparent, when an appreciable dynamic 
augment exists. 

If we cross-balance for the reciprocating parts and assume 
the same percentage of reciprocating balance (thus resulting in 
considerable reduction in the nosing moment), we have for the 
component of the reciprocating balance, equal to 

319 X 76.5 319 X 16.5 877 
60 60 
so that on combining with the equivalent loading due to the 
moment of the revolving weights we have 


42/ 
wr 
R=— 333.3? + 14? 
877 g 
421 
= 334 — lb. 
g 
407 
Fie. 53 
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If we partially balance the revolving weights for minimum 
rail pressure, then : 


kwre = 319 cos (45 — 12.15) = 268 lb. 


with components equal to 0.707 K 268 = 189 lb. 
The resultant loading is reduced to 


/89 
2° 
87.7 
= V 101.3? + 2182 
wr 
= 240 — lb 
g 
407 
54 


It is to be carefully noted, however, that the condition of 
minimum rail pressures for the adjacent driving wheels does 
not. necessarily mean the condition for minimum rail stress, 
since the relative phase angles of the loadings with respect to 
adjacent drivers is of important consideration. 

In a preliminary design of balance Mr. Lipetz’s suggestion 
not to place any reciprocating balance in the main wheel is 
concurred in by the author for freight locomotives with four 
and five pairs of drivers. In this case the main wheel should 
be totally cross-balanced for the revolving weights. In this 
case of passenger locomotives with from three to four pairs of 
drivers only, and in view of the larger wheel capable of receiving 
the full percentage of reciprocating balance, it would be recom- 
mended to partially cross-balance the revolving parts for mini- 
mum rail pressure. Whether to cross-balance for the recipro- 
cating parts for a reduction in nosing moment reacting on the 
locomotive is a matter of further study and opinion. However, 
from the trend of discussion this feature appears immaterial, 
particularly with our large locomotives. 

The author agrees with Mr. Fry that many features in bal- 
ancing can be very simply presented without the use of mathe- 
matical analysis. Such presentations, however, are best adapted 
for a numerical calculation for a particular job. It is difficult, 
however, without a great amount of numerical calculations and 
comparisons, to draw any perspective or constructive conclu- 
sions in a procedure of balance. The value of an analysis results 
in a concise picture of the effects and importance of the various 
components. Moreover, in conjunction with the balancing 
problem the estimation of rail stress, etc., requires to a con- 
siderable extent an analytical procedure. 

Mr. Campbell’s emphasis on the design of parts is of great 
importance and cannot be overestimated. The first problem 
in a balance as stated by Mr. Campbell is the choice of the 
type of part, the most skillful design, and the proper material. 
This not only applies to the reciprocating parts, but to all the 
revolving parts as well. From some tests conducted under the 
auspices of the author on the strength proportions of stub ends 
of rods, it appears that a considerable lightening of revolving 
parts is possible without overstressing the material. 

The question of disregarding the unbalanced nosing moment 
of the three-cylinder locomotive might be permissible with long- 
wheelbase locomotives, but at present the author believes a 
certain percentage of the nosing moment should be counteracted. 
The perception of the balancing condition of the locomotive by 
riding a locomotive is deceiving. Of course a three-cylinder 
locomotive is so inherently better balanced in view of the com- 
plete elimination of the fore-and-aft vibration that it would 
appear to ride very smoothly. 
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In testing the balance of a locomotive by a model a frequent 
procedure is by hanging the frame on suspended chains. We 
thus have a “‘bifalar’’ suspension, so that the nosing moment 
would become greatly intensified at a particular or critical speed. 
Thus the tension in the chain at either end would be half the 
weight W, and the restoring moment is 


Wa? 

where | = length of chain, a = longitudinal length of frame 
between the end suspensions. If 7 = —— (a? + b?), (b = width 


12g 
of frame) is the polar moment of inertia of the frame about the 
center of gravity, and Aw*r (cos 6 — sin 6) = V2 Aw?*r cos 
(wt + 45 deg.) is the nosing moment, then the equation of 
oscillation is 
W a? 


le +——¢@ = 


a1 2 Aw?r cos (wt + 45 deg.) 


the critical velocity would occur when 


and the amplitude for other speeds w would be 


Aw*r 


(radians) 


Mr. Ripley’s remarks in regard to experimental verification 
of the advantage of cross-balancing the main driver of a Santa 
Fe type locomotive on the Atchison, Topeka & Santa Fe Rail- 
road is of considerable importance. His verification by experi- 
mental results of some of the analysis in this paper is a source 
of great satisfaction. Mr. Ripley brings out a very specific 
advantage of increased power by incredsing an axle loading from 
63,000 Ib. to 70,000 lb., but with an actual reduction in rail 
stress at speed over the lighter loading obtained by cross-balancing 
the main driver. 

Mr. Blunt’s discussion in regard to the guiding qualities of a 
locomotive and lateral loadings and stresses are factors of course 
of primary importance in the design of a locomotive. The object 
of this paper was to concentrate on the balancing problem and 
the rail loading and stresses augmented by the vertical unbalance 
of the locomotive. Lateral resistances of trucks are sometimes 
very effective in reducing the effective nosing moments. When, 
however, we consider the track and center-pin lateral plays, 
with the smaller nosing moments, the amplitudes of vibration 
are sufficiently small so that the plays are not always taken up, 
and thus the lateral devices do not come into action. 

In answer to Mr. Haar’s discussion the author would again 
repeat that this paper merely covers the balancing problem 
alone. The subject of both the lateral and augmented vertical 
loadings of the locomotive as a vehicle is a separate problem. 
Thus the variable torque reaction throughout a revolution and 
the vertical thrusts at the guide bars set up a moment and 
vertical loading on the spring supported parts, resulting in a 
pitching and vertical vibration of the locomotive chassis. Due 
to the spring suspension the vibrations are amplified, and we 
find certain speeds where the spring loadings can be consider- 
ably augmented. But no possible arrangement of balance can 
affect this phenomena, so that its discussion was omitted. The 
nosing of electric locomotives can occur by several causes. A 
very simple explanation is due to a synchronism of the rail 
spacing with the natural frequency of the spring suspension and 
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spring-supported parts. Thus at each rail joint a lateral de- 
pression occurs which is equivalent to an extraneous force of 
periodicity corresponding to the interval of time required to 
travel from one rail joint to another. This sets up a forced angu- 
lar oscillation of the spring-supported parts in which the vibra- 
tions become greatly augmented near the natural periodicity 
of the spring-supported vehicle. With these lateral vibrations, 


due to the height of the center of gravity, a periodic side-thrust 
is exerted on the end wheels, causing a nosing moment. The side- 
thrust increases with the amplitude of vibration, so that a very 
severe lateral loading and nosing moment can occur. Of course 
another cause of a resonance condition may be due to the lateral 
flexibility of the rail. Nosing due to this cause would probably 
occur at a higher speed. 
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Automatic Train Control 


By G. E. ELLIS,! WASHINGTON, D. C. 


After briefly reviewing the early work done in automatic train 
control, the author recounts governmental activities regarding their 
installation and gives the requirements specified by the Interstate 
Commerce Commission. He then presents a classification of the 
various types of devices proposed, following this with brief descrip- 
tions of individual types. He then points out the elements necessary 
to the operation of all devices for automatic train control, gives 
figures showing the extent to which automatic train control has been 
adopted, and concludes with a brief discussion of the question of cost. 


to designate any method of stopping or reducing the speed 

of a train without the intervention of the engineman. It 
may therefore be roughly divided into two parts: a train stop, 
which merely brings the train to a halt when required, and 
a train-control or speed-control device, which will act to reduce 
the speed of a train under certain conditions, but which is usually 
also designed to produce a stop. There is nothing mysterious about 
train control or speed control. The problem in a broad sense is 
merely to connect an efficient device now in existence on the track 
for detecting the presence of trains or certain other interruptions to 
traffic, with an approved apparatus in common use for stopping 
atrain. The first, or track element, is the track circuit, the basis 
of all of our present signaling. In its simplest form it consists 
of an electric current flowing from a source of energy at one end 
of the block or track section, through one rail to the end of the 
section, through the coils of a relay, and back through the other 
rail. The second element is the air brake, which, while usually 
applied by the engineman, may be applied at other points pro- 
vided on the train, or by opening the brake pipe which runs the 
length of the train. Both the track circuit and the air brake 
include in their design what is known as the closed-circuit prin- 
ciple; i.e., before the track circuit can permit a clear indication 
to be given by the signals, the electrical energy required to control 
the relays must be present. With the air brakes, the brake pipe 
must be intact and charged with compressed air to hold closed the 
valves that would otherwise release the stored compressed air 
on each car and so apply the brakes. If either the electric cur- 
rent in the track circuit is missing or the brake pipe loses its pres- 
sure, the signals will assume the stop indication or the brakes will 
be applied. The train-control device, as before stated, maintains 
the connection between these two elements, and the fundamental 
principles of neither are altered by the introduction of the train 
control. 


te term “automatic train control’’ is one commonly used 


Earty Work IN AvroMatic TRAIN CONTROL 


Probably nothing has ever been presented to the railroads 
covering to so great an extent what purports to be in so complete 
and final form a “cure-all” for most of the ills to which the rail- 
roads are subject as automatic train control. While it may be true 
that more early development had taken place in automatic train- 
control devices than in others, and that advantage had been taken 
of the development of earlier improvements in other lines, most 
of this had been in shop or laboratory work. From the publicity 
given this subject, the idea apparently has gone abroad that 
this device was already perfected and ready for immediate appli- 
cation; and it would also appear from the same source that the 


1 Secretary, Committee on Automatic Train Control, American 
Railway Association. 

Presented at a meeting of the Washington Section of the A.S.M.E., 
Washington, D. C., October 19, 1928. 
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scheme is a comparatively new one and will be a marked advance 
in railroad operation. A search of the Patent Office shows that 
as early as January 29, 1867, patents were taken out on devices to 
stop a train automatically, in which it was proposed to close the 
throttle and sound an alarm whistle on the engine. Even 
earlier than that, in 1859, a patent was granted for a method by 
which a train would automatically telegraph its position to the 
central office. Possibly the first practical tests were made in the 
early 90’s when the Kinsman device, a plain mechanical-trip 
type, was tested on what is now a part of the Boston & Maine 
Railroad in Massachusetts. About the same time the Rowell- 
Potter system, also a mechanical device, was tested on the Boston, 
Revere Beach & Lynn Railroad, and was later installed on the 
Intramural Railway at the Chicago Exposition in 1893. 

The first permanent installation of an automatic stop was that 
on the Boston Elevated in 1899, consisting of mechanical trips 
on the rcadside so located as to come in contact with the engine 
apparatus when a stop was desired. The device was later used 
on the Philadelphia Rapid Transit, Hudson & Manhattan, and 
the Interborough of New York. Other devices were tried at dif- 
ferent times, all of the same nature but now generally considered 
as being impossible of general application to steam roads. The 
early forms which were successful in operation are in use on sub- 
ways and elevated lines where the traffic is even, equipment 
uniform, and speed is not excessive. There is no complete record 
of all the different tests or trials that have been made, but prob- 
ably more than fifty methods have been tried to a varying extent, 
some being merely isolated track units, while others were more 
elaborate installations. While it is difficult to make comparisons, 
the situation does not appear to be materially different from that 
of other devices in railroad and in commercial use, which have 
shown a gradual development and which have required a number 
of years of experimentation before they became so perfected as 
to be dependable. 


GOVERNMENTAL ACTIVITIES 


So much attention had been directed to the subject that in 
1906 Congress instructed the Interstate Commerce Commission 
to investigate the subject of automatic train control and of 
automatic block signals. The Block Signal and Train Control 
Board, composed of prominent engineers having a knowledge of 
the subject, was appointed, acting under the authority of the 
I. C. C., to make these investigations, and its first report was 
filed in February, 1907. 

When the work of this board was discontinued after its final 
report in June, 1912, owing to the lack of an appropriation, it was 
taken up by the Bureau of Safety of the Interstate Commerce 
Commission. Plans of several hundred devices have been sub- 
mitted by inventors, but only a small percentage have been of 
sufficient merit to justify the conclusion that they were worthy 
of further development or test. 

In 1919 the Railroad Administration Automatic Train Control 
Committee was formed and continued until the time of the return 
of the railroads to private ownership. This committee cooper- 
ated with the Bureau of Safety; all of the plans on file in the 
bureau were reviewed and several devices were examined, but 
no tests were made nor was any development work done. The 
following were among the conclusions of this committee: 

1 That the relative merits of the various types of automatic 


train control can not be determined until further tests have been 
made. 
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2 That more extended service tests, including complete records of 


performance, are necessary before a decision can be reached on the 
availability for general practical use of any of the devices that have 
been brought to the attention of the committee. 

3 That ona large part of the railroad mileage in the United States, 
with a given amount of money available for protection purposes, a 
greater degree of safety can be obtained by installing block signals 
than by installing automatic train-control devices. 

4 That on lines of heavy traffic, fully equipped with automatic 
block signals, the use of train-control devices is desirable. 

5 That complying with its instructions without implying indorse- 
ment, the committee finds the following devices available for further 
test. 

6 That it does not appear necessary to make tests of all of the 
devices of a type to determine the availability of that type for general 
practical use. 


While no tests were conducted by the Administration Com- 
mittee, demonstrations were given in some cases at the time the 
devices were inspected. 

In October, 1920, the Committee on Automatic Train Control 
of the American Railway Association was organized and has 
been in operation since. It has cooperated with the Bureau of 
Safety in making observations and tests of certain installations 
provided for that purpose. 

The Transportation Act of 1920 gave the commission authority 
to order the installation of train control after proper investigation. 
No action was taken by the commission except the work done in 
connection with the American Railway Association Committee, 
although the press from time to time called attention to the pos- 
sibilities of train control and various promoters and inventors 
urged some action by the commission. In January, 1922, the 
first order was issued by the commission requiring 49 railroads to 
install train control on a complete passenger division. 

The railroads asked for a hearing before the commission, which 
was granted, and a large amount of testimony was introduced on 
both sides. However, the commission saw fit to confirm the order 
and it was made permanent on June 13, 1922. While the order in 
accordance with the law required the work to be done in two years, 
numerous extensions were made, and a second order was issued by 
the commission in January, 1924, requiring 47 of the original 49 
roads to equip an additional division and included divisions on 45 
additional roads, some of which were exempted soon after the order 
was issued. The railroads were granted another hearing and 
presented additional evidence, and while no modifications were 
made as to the roads which had been previously named, the ‘‘new 
roads” had their time indefinitely postponed. As in the case of 
the first order, some individual exemptions and extensions were 
given. 

The railroads were now confronted with the task of selecting 
devices that would meet the very general requirements which the 
commission made a part of their orders, and at the same time 
be not too expensive in first cost, too complicated to maintain with 
the existing force, and dependable enough not to interfere with 
operation. From what has been said before, it was evident that 
there were a number of devices before the public and which had 
been presented to the commission and the railroads in various 
forms. 

On a few of these tests had been made, and one or two were 
in actual operation to a limited extent. 

To indicate, however, the rapid development of the train- 
control art, it is to be noted that while seventeen devices were 
listed by the Train Control Committee of the United States Rail- 
road Administration, only seven were considered to be worthy of 
a physical installation, and five of those have been quite materi- 
ally changed. 

However, the fundamental principles are the same as when 
originally presented, the changes having been in the develop- 
ment of the details. 


REQUIREMENTS SPECIFIED BY THE INTERSTATE COMMERCE 
ComMISSION 


The requirements and definitions which were to serve as a 
guide to the carriers in selecting their devices, as given by the 
commission in its original order and later amended, are as follows: 


The purpose of this general specification is to define automatic 
train-stop or train-control devices and to outline essential features 
involved in their design, construction, and installation on railroads. 


DEFINITION OF AUTOMATIC TRAIN-STOP OR TRAIN-CONTROL DEVICES 


A system or an installation so arranged that its operation will auto- 
matically result in either one or the other or both of the following 
conditions: 

First: Automatic train stop; the application of the brakes until 
the train has been brought to a stop. 

Second: Automatic speed control; the application of the brakes 
when the speed of the train exceeds a prescribed rate and continued 
until the speed has been reduced to a predetermined and prescribed 
rate. 


FUNCTIONS 


In prevailing practice the primary function of automatic train- 
stop or train-control devices is to enforce obedience to the indications 
of fixed signals; but the feasible operation of essentially similar 
devices used without working wayside signals may be regarded as a 
possibility. The following features may be included, separately or 
in combination, in automatic train-stop or train-control-systems: 

1 Automatic Train Stop: 

a Without manual control by the engineman, requiring the train 
to be stopped; after which the apparatus may be restored to normal 
condition manually and the train permitted to proceed; or 

6b Under control of the engineman, who may, if alert, forestall 
the application of the brakes by the automatic train-stop device 
and control his train in the usual manner in accordance with hand 
signals or under limits fixed by train order or prescribed by the operat- 
ing rules of the company. 

2 Automatic Train Control or Speed Control: , 

a Automatic stop, after which train may proceed under low-speed 
restriction until the apparatus is automatically restored to normal 
or clear condition by reason of the removal of the condition which 
caused the stop operation. 

6 Low-speed restriction, automatic-brake application under con- 
trol of the engineman, who may, if alert, forestall application at a 
stop indication point or when entering a danger zone and proceed 
under the prescribed speed limit, until the apparatus is automatically 
restored to normal or clear condition by reason of the removal of the 
condition which caused the low-speed restriction. 

c Medium-speed restriction, requiring the speed of a train to be 
below a prescribed rate when passing a caution signal or when 
approaching a stop signal or a danger zone in order to forestall an 
automatic-brake application. 

d Maximum-speed restriction, providing for an automatic-brake 
application if the prescribed maximum speed limit is exceeded at any 
point. 

GENERAL REQUIREMENTS 


1 An automatic train-stop device shall be effective when the signal 
admitting the train to the block indicates stop, and so far as possible 
when that signal fails to indicate existing danger conditions. 

2 An automatic train-control or speed-control device shall be 
effective when the train is not being properly controlled by the engine- 
man. 

3 An automatic train-stop, train-control, or speed-control device 
shall be operative at braking distance from the stop-signal location if 
signals are not overlapped, or at the stop-signal location if an ade- 
quate overlap is provided. 


DESIGN AND CONSTRUCTION 


1 The automatic train-stop or train-control device shall meet the 
conditions set forth under general requirements applicable to each 
installation. 

2 The apparatus shall be so constructed as to operate in connec- 
tion with a system of fixed block or interlocking signals, if conditions 
so require, and so interconnected with the fixed-signal system as to 
perform its intended function (a) in event of failure of the engineman 
to obey the signal indications; and (b) so far as possible, when the 
signal fails to indicate a condition requiring an application of the 
brakes. 

3 The apparatus shall be so constructed that it will, so far as 
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possible, perform its intended function if an essential part fails or is 
removed, or a break, cross, or ground occurs in electric circuits, or in 
case of a failure of energy. 

4 The apparatus shall be so constructed as to make indications 
of the fixed signal depend, so far as possible, upon the operation of the 
track element of the train-control device. 

5 The apparatus shall be so constructed that proper operative 
relation between the parts along the roadway and the parts on the 
train will be assured under all conditions of speed, weather, wear, 
oscillation, and shock. 

6 The apparatus shall be so constructed as to prevent the release 
of the brakes after automatic application until the train has been 
brought to a stop, or its speed has been reduced to a predetermined 
rate, or the obstruction or other condition that caused the brake 
application has been removed. 

7 The train apparatus shall be so constructed that, when oper- 
ated, it will make an application of the brakes sufficient to stop the 
train or control its speed. 

8 The apparatus shall be so constructed as not to interfere with 
the application of the brakes by the engineman’s brake valve or to 
impair the efficiency of the air-brake system. 

9 The apparatus shall be so constructed that it may be applied so 
as to be operative when the engine is running forward or backward. 

10 The apparatus shall be so constructed that when two or more 
engines are coupled together, or a pushing or helping engine is used, 
it can be made operative only on the engine from which the brakes 
are controlled. 

11 The apparatus shall be so constructed that it will operate under 
all weather conditions which permit train movements. 

12 The apparatus shall be so constructed as to conform to es- 
tablished clearances for equipment and structures. 

13. The apparatus shall be so constructed and installed that it will 
not constitute a source of danger to trainmen, other employees, or 
passengers. 

14 The apparatus shall be so constructed, installed, and main- 
tained as to be safe and suitable for service. The quality of materials 
and workmanship shall conform to this requirement. 


CLASSIFICATION OF DEVICES 


To assist in proper consideration of the different devices a 
classification was attempted, based on the method of communica- 
tion between the track and engine elements, which has already 
been stated as being the fundamental problem of train con- 
trol. 

In this classification, given herewith, each device takes its place 
according to the character of its control, whether intermittent or 
continuous, its class, whether of the contact or non-contact, and 
its type, depending on the details of each individual system. 
The character of the control, whether intermittent or continuous, 
depends in the first case upon the indication from the track to 
the train being received at certain definite points which usually 
are at the signals. The indication thus received continues as 
the controlling factor in the operation of the train until the next 
indication point is reached, when it may be continued or changed, 
depending on the conditions there existing. Normally the indica- 
tion on the train is not changed while it is between any two indica- 
tion points. There is some ambiguity as to the exact definition 
of a continuous character of control, but it is generally understood 
as being that in which the train is always under the influence of the 
train control and in which an indication may be received at any 
point and not at certain definite points as in an intermittent 
system. 

The class of the devices as to contact or non-contact depends on 
whether there is actual physical contact between some part of 
the engine apparatus and some part of the roadside apparatus. 
This contact may be through special apparatus provided for that 
purpose, or it may be through the wheels and the running rails. 
In the non-contact type there is no physical connection, but the 
engine apparatus is brought into inductive relation with the road- 
side element, which may be special apparatus, or the running 
track rails may be used for this purpose. In every case which is 
now in service, however, special receiving apparatus is required 
on the engine. 
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Character of 
control Type of device 
1 Plain mechanical trip, 
ground or overhead. 
2 Electrically controlled me- 


Class of device 


chanical trip, ground or 
overhead 

Intermittent electrical con- 
tact 

1 Insulated truck with short 


I—Intermittent 


B—Track-rail 


A—Contact | 


contact track-circuit section 
1 Induction 
C—Non-contact Inert roadside element 
3 Non-magnetic rail 
{ A—Contact 1 Third rail or special con- 
ductor 
| B—Non-contact 3 
2 Wireless 


Speed-control or cab-signal features will not affect the classification, 
which is based on the method of communication between the track 
and engine element. 


Descriptions oF Devices or Various TYPES 


The individual type includes many different designs, but only 
a few of these are now receiving any practical application. It 
will be of interest to refer briefly to these different types, some 
of which have been modified and some discarded; the list might 
be increased by recent developments in the art. 

The mechanical-trip type depends on a roadside element 
being thrown into position when necessary to come in contact 
with an element on the engine, so that when such contact is 
made the air valve will be opened and the brakes applied. It 
is not being used now on any steam road, although applications 
of it are found on the elevated lines and in subways. The expos- 
ure to weather and the lack of uniformity in equipment which exists 
on steam roads are some of the reasons why it is not so adaptable 
as other types. It is the first type to have secured a practical 
application. 

The intermittent electrical-contact type, commonly known as 
the “ramp” type, has received the greatest development of any 
contact class, and is the only type of that class which is now used 
on steam roads. Its roadside element is a section of angle or T- 
iron supported on the ends of the ties and forming a short section 
of third rail varying in length, in some cases being as great as 
100 ft. This gives the common name of “ramp”’ to the type, 
since the ends of the third rail are inclined to receive the shock 
of the engine apparatus, with a level place in the center of the 
rail but higher than the top of the running rails. Obviously, 
then, it must be located outside of the running rails. Means 
are provided for energizing the ramp from a roadside battery, 
and, according to the device, either one or two polarities may be 
used, providing for a different number of indications. The 
engine apparatus consists of a shoe, which is raised by contact 
with the ramp, thus setting into action the necessary operations 
to apply the brakes, either by electrical means or by direct con- 
nection with the air-brake system. While passing over the ramp, 
electrical energy is picked up by the shoe, if conditions are suit- 
able for the train to proceed, which prevents, through the engine 
circuits, the opening of the air valves. The characteristic of 
this type is that, when contact is made with the ramp rail, the 
engine apparatus will be so affected as to produce a stop unless 
electrical current is picked up from the ramp. The ramp may 
be interconnected with the signal system, so that there will be 
mutual agreement between the indications of the ramp and signal. 

A form of contact device which does not require special ap- 
paratus on the track is known as the insulated-truck type, and 
depends on a short insulated section of track, one or two rails in 
length, together with a part of the locomotive, such as the pilot 
truck, which is insulated from the rest of the engine. It is difficult 
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to maintain such insulations, and while tests have been made on 
such a type, it has received no practical application. 

Of the non-contact class there are several types, of which the 
induction, using an inert roadside element, has received the great- 
est application. This employs for a roadside element a coil 
mounted in a non-magnetic casing and secured to the ties out- 


Fic. 2. Enetne Recetver Mountep oN a TENDER TRUCK 
side of and parallel to the rail. The winding of the coil is con- 
nected to the signal system in such way that when the block is 
clear the circuit is closed, and when the block is occupied the 
circuit isopen. The engine receiver, carrying coils through which 
flows current from a source on the locomotive, and passing above 
the inductor but not in contact with it, has its current values so 
affected by the inductor, depending on whether its circuit is open 
or not, that the air valves through the proper circuits will be 
opened and the brakes applied. Any interruption in the circuit 
of the inductor, whether made in the regular way through the 
signal apparatus or by some accident, will result in a brake applica- 
tion. Fig. 1 shows an inductor as ordinarily placed on the 
roadside and Fig. 2 an engine receiver mounted on a tender truck. 

Another induction type employs an assembly of permanent 
bar magnets placed in the track between the rails, and of suffi- 
cient strength so that the field extends far enough above the 
rails that it may be traversed by the engine receiver. The field, 
therefore, is always in position to produce a stop, unless it is de- 
flected by coils mounted with the bar magnets through which 
current flows from a roadside source of energy controlled by the 
signal apparatus; if the field is not deflected it acts upon the 
engine apparatus in such a way as to cause a brake application. 
Figs. 3 and 4 show two types of magnets. Fig. 4 also shows the 
usual relation of the track element to the signal. 

A non-magnetic rail to be inserted in the track at certain loca- 


tions, and which will cause the engine apparatus to be influenced 
when passing over it, has received some study, but there have 
been no practical applications. 

In the continuous-contact type, the third rail or special con- 
ductor has received no practical tests, and it will be practically 


Fic. 3) Track MaGnets (Spracue Type) 


impossible to maintain the constant contact which is required, 
owing to physical obstructions in the track structure. 

The continuous non-contact type depends on special track 
circuits being provided in the running rails, usually in addition to 
the regular track circuit. These circuits, carrying alternating 
current, produce a field around the running rail through which 
move the engine receiving coils, mounted a few inches above the 


Fic. 4 Track MaaGnets (NATIONAL Type) 


rail. The action between the rails and the receiver is somewhat 
of the nature of that of a transformer, and the comparatively 
weak current thus produced in the engine apparatus is amplified 
and connected through the relays in such a way as to control the 
engine apparatus. It is obvious that if the special currents are 
missing from the rails, as would be the case owing to their method 
of connection with the signal system if the block were occupied, 
there would be no current picked up by the receivers and the 
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engine apparatus would fall into operative condition owing to 
the lack of this retaining current. This type has had considerable 
development and application. 

Fig. 5 shows an engine receiver, mounted just ahead of the 
forward wheels and behind the pilot. Fig. 6 shows a governor 
attached to the forward pony-truck wheel. Other locations are 
also used. Fig. 7 shows the instrument box carried on the engine 
for a continuous type. The amplifying tubes are clearly shown. 
Fig. 8 shows one type of cab signals, using colored lights. 

Some experiments have been made with Hertzian waves using 
very high frequencies, but while tests are now under way, no 
practical installation is now in service. 


ELEMENTS NECESSARY TO THE OPERATION OF ALL AUTOMATIC 
Tratn-ControL 


The general characteristics of the different types have been 


Fic. 5 Enoine Usep Wits Continvous Type 
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briefly referred to, and it will be seen that there are certain ele- 
ments necessary to the operation of all devices. There must in 
every case be a roadside element; an engine receiver of some form, 
which comes into physical or inductive relation with the road- 
side element; a system of circuits and possibly an amplifying 
device on the locomotive; a method of actually applying the 
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brakes after the necessary indication has been received from the 
track; and finally, an apparatus to release the brakes after the 
device has-performed its function. In addition to these essen- 
tials, other apparatus may be provided, such as a device to con- 
trol the speed under certain conditions, indicators to show that 
the device has operated, and cab signals which repeat in one way 
or another the condition as displayed by the roadside signals. 
In some of the earlier schemes proposed a throttle-closing device 
was included, but owing to the lack of sufficient benefit to justify 
the complications introduced, it is not now used. 

Two methods of applying the brakes are used in the devices 
now in service. The more common way is to use a valve which 
provides for the automatic opening of the train brake pipe to the 
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atmosphere, thus reducing the pressure in that pipe and causing 
the brakes to be applied in the same way as though it had been 
done by the engineman. These valves of course differ in design 
according to the different devices, but to meet the requirements 
all must be provided with a feature that will prevent the engine- 
man from releasing the brakes while an automatic application is 
on. The other method provides for the automatic movement of 
the engineman’s brake valve, the resulting action being the same 
as though the engineman had done it himself. This apparatus 
is maintained in the normal position; that is, in the first case 
with the special valve closed, and in the second place with the 
apparatus ready to operate by an electric circuit, although air 
pressure from the air-brake system may also be used. Whenever 
the circuits, either electrical or pneumatic, are interrupted by the 
operation of the train-control device, the air valves will open or 
the brake valve will move to the service position automatically 
by means of the pressure in the train brake pipe, or pressure sup- 
plied from the same source. 

Cab signals are used with a number of devices and may either 
repeat the track indications, giving the same indications as do 
the roadside signals, or they may be used merely to indicate the 
operation of the device. Usually they are visual, but audible sig- 
nals in the form of a bell or whistle are alsoemployed. The cab sig- 
nal which indicates the condition at all times is considered practi- 


cable only with a continuous system. The other type of cab signal 
might be more specially termed “indicators,” since they do not 
repeat the indication of the signal, except possibly when at the 
moment of passing. Lights have been found to be the most 
satisfactory for the visual signals. 

Speed-control features may be used with many of the types 
whose characteristics have just been described. There are two 
methods of securing speed control; one by apparatus carried on 
the engine, and the other by devices installed in the track in con- 
nection with the other roadside apparatus. The former method 
is the one which has received the greatest development, and there 
is now only one installation of the second type, which is used to 
meet special conditions. The usual form of engine-carried device 
is a centrifugal governor, or ‘‘centrifuge’’ as it is frequently called, 
attached to the locomotive wheel or axle. In all but one installa- 
tion using a governor it is attached to the outer end of the forward 
pony-truck axle. In one instance the attachment is by means of 
a sectional gear fitted to a tender axle; in both types the governor 
is driven by proper gearing and shafts. The governor itself 
controls the speed of the train by directly opening or closing air 
ports which are connected with the air-brake system through the 
train-control apparatus, or by means of circuits which control 
electropneumatic valves, that in turn put in operation the brake- 
setting apparatus. 

The other form of speed control, controlled by roadside ap- 
paratus, usually consists of a short track section with special 
relays which are timed to operate in connection with that track 
section. It is obvious that such an installation can have no 
control of the speed of the train after it leaves the location at 
which it is installed. It is useful in requiring the train to be at 
a certain speed at a given point. 

The characters of speed control may be recognized, the first 
of which may be called “preliminary’’—intended to control the 
speed when approaching a point at which a stop is to be made; 
and “restrictive,” which is used when the train is operating in 
an occupied block. 

While it was not contemplated in the original order issued by 
the commission, the need of some apparatus on the engine which 
would permit an engineman, if alert, to forestall an anticipated 
brake application, was recognized. Later on the commission 
granted this permission, and the forestalling device is now com- 
monly used, although under different conditions with varying 
types of apparatus. The engineman in using this apparatus may 
prevent a brake application which otherwise would be made, 
possibly stopping the train unnecessarily or making a stop at 
some point where it would be hard to start again, as with a heavy 
freight train on a grade. 


Extent TO Wuicn Avtromatic Train Controt Has BEEN 
ADOPTED 
The extent to which train control has been installed is shown 
in Table 1. 


TABLE 1 EXTENT TO WHICH TRAIN CONTROL HAS BEEN 
INSTALLED ON AMERICAN RAILROADS 


Roads installing train control under one order................ 44 
Roads installing train control under two orders............... 36 
Road miles equipped under order of 1.C.C re 8,391.76 
Road miles equipped voluntarily. . 3,031.29 


‘Track miles equipped under order of 1.C. 15,161 13 
Track miles equipped voluntarily. . 


Miles of track equipped with continuous ‘control. . 
Miles of track equipped with intermittent control... 9,021.73 
Miles of above track operated with speed control. . 3,551.33 
Miles of track operated without permissive roadside signals... 1,402. 87 
Miles of track operated with cab signals alone ae construc- 

327.0 
Engines ‘equipped ‘with continuous control. . 3,162 
Engines equipped with intermittent control. . ia ahaa 4,618 
Engines operated with speed control. . 1,336 
Engines operated with cab 3,162 


According to various statements train control has been pro- 
posed for the purpose of insuring obedience to fixed signals and 
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While undoubtedly certain classes 


so preventing accidents. 
of accidents can be prevented, it requires a very large installation 


to produce any effect upon the accident record. When those in- 
stallations recently completed shall have been in service for a 
longer period, possibly some figures may be deduced as to whether 
train control has performed that function or not. At the present 
time there is nothing definite which can be offered as evidence. 

On one installation, where apparatus with a speed controller 
on the train is in use, the usual stop at automatic signals is avoided, 
the train merely having to slow down to the speed required by 
the apparatus and then proceed under that control until the re- 
striction is automatically removed. A saving is made in this 
way by reason of the number of stops which are eliminated by 
this method of operation. To get the benefit of this saving, how- 
ever, requires a change in operating practices that all roads may 
not be willing to undertake at the present time. 

On three installations ordered by the commission, roadside 
intermediate signals have been removed, dependence being placed 
on the cab signal to give the indication to the engineman. 


THE QUESTION oF Cost 


Naturally the question of cost of any improvement is interest- 
ing. While figures have been compiled covering the cost of 
automatic train control, it is doubtful if any useful purpose will 
be served by comparing or analyzing these costs in this place; 
it will, however, be of value briefly to state the elements which 
go to make up that cost. 

Not only must new apparatus be purchased and applied both 
to the track and locomotive, but usually some modification of 
the signal system is necessary to make possible the application of 
the device selected. This involves in many cases the provision 
of greater braking distance, which means a greater distance 
between a stop signal and its approach signal, whether in the 
system of automatic signals or interlockings; or, if overlaps have 
been used, it usually means an increase in the length of overlap. 
While it may be stated that it would take no more space to stop 
a train automatically than manually, yet in designing an auto- 
matic train-control system, consideration must be given to the 
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fact that the human element is not present and cannot use its 
discretion and judgment in the application of the brakes; that 
is, the most unfavorable circumstances must be considered in 
providing for the braking distance. As signals have usually been 
located on the assumption that the train would be possibly 
handled manually, some relocation may often be necessary. This 
is perhaps a legitimate charge against a train-control system. 
Often additional power or power of a different character is re- 
quired for train control. This means sometimes the installation 
of a power line, and while this may be used partly for other pur- 
poses, it is primarily for the use of the train-control system, and 
a proportionate charge will have to be made. This also includes 
the expense of securing the power, whether from commercial 
sources or otherwise. On the locomotive, the apparatus, already 
installed in a limited space, must be moved or rearranged in order 
to locate train-control apparatus where it may not be desirable, 
but necessary. New locomotive headlight generators are often 
necessary, either to provide a reserve or for current of a different 
character from that which is suitable for purely lighting purposes. 
Inspection facilities must be provided, involving track properly 
fitted up to make the required tests, special testing sets are re- 
quired, and reserve apparatus must be kept on hand. Perhaps 
it may be sufficient to say that train control has cost the railroads 
since the orders of the commission were issued in the neighborhood 
of twenty-six million dollars, and in addition it has been neces- 
sary to rearrange signals, provide for power lines, etc., which 
would add materially to that figure. 

As to maintenance costs, considerable variance is found, owing 
to the different types of apparatus employed, different facilities 
provided, the number of engines involved, and the accounting 
methods used. At the present time the cost runs from $14 per 
month per engine to, in one or two cases, a little over $100 for the 
same period. It has been necessary in some cases to provide ad- 
ditional forces to take care of the train-control apparatus, as it 
is usually different in character from that ordinarily maintained 
in roundhouses. The track apparatus, however, has usually been 
taken care of by the signal forces without any great increase in 
number of men employed. 
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Progress in Textiles 


Contributed by the Textile Division 


Executive Committee: James W. Cox, Jr., Chairman, E. H. Marble, Vice-Chairman, W. L. 
Conrad, Secretary, McRea Parker, E. R. Stall, and H. M. Burke 


made remarkable progress during 1928, in spite of its general 

depressed condition. This has not been reflected to any 
widespread extent in actual profits as yet, but the tide is beginning 
to turn and prosperity is in sight for all well-managed textile 
concerns. 

A report on the progress made during the year cannot be con- 
fined solely to technical progress, as other changes, although 
somewhat intangible and indefinite at the moment, are more im- 
portant than the purely technical advancement. 

Undoubtedly the most radical and best advance in our industry 
during the year is the changed mental attitude of many textile 
men as to the industry in general, and their own businesses in 
particular, in realizing that the old methods of financing, selling, 
and manufacturing which built up the industry in years past are 
not infallible, are not adequate for today, and that there may be 
better ways of running a textile business at the present time. 

The changed mental change augurs well for the future, as a 
turn from a satisfied state of mind to a reasonably unsatisfied state 
has always been a beneficial stimulant to any industry and will 
be to ours. 

This attitude is of course not as yet by any means general, but 
there has been a very noticeable change, due perhaps to a great 
extent to strenuous competition and small profits, if any. The 
present mental state will permit the proper type of mergers to be 
consummated, but not the old-time consolidations which, because 
of their fundamental structure, management, or both, invariably 
failed. Many keen men believe such mergers will be the salva- 
tion of the industry. Only time will tell. The old individualism, 
however, is rapidly being eliminated. 

There have been some decided advances in management and 
the technical end of processing, machinery, equipment, apparatus, 
etc., as well as great improvement in styling and designing, 
but they cannot be considered so fundamentally vital as the 
change in mental attitude. 

Generally considering all the major branches of the industry, 
it would seem that the most important advances during the year 
are: 

1 Definite increases in output per machine and a tendency to 
increase output per employee. 

2 The discovery that mass production in itself is not a money 
maker today 

3 A slow but sure realization of the fact that high machinery 
speeds do not necessarily or usually mean high production or low 
cost per unit. 

4 A general recognition that the supply of textiles still exceeds 
the demand (hard for many mill men to acknowledge), and that 
the almost continual buyer’s market existing today probably will 
continue for some time. 

5 Products must be developed and made that fill the buyer’s 
desire or need, with particular stress on color, decoration, and 
finish, real wear being a minor factor. 

6 Hand-to-mouth buying evidently has come to stay. 

7 More accurate and more uniform cost systems are necessary. 

8 The conviction that elimination of waste and reduction of 
seconds are decided money makers. 

9 That older methods of management are no longer profitably 


[: IS a great pleasure to report that the textile industry has 


workable, should be disregarded as obsolete, and should be re- 
placed by principles of management based on facts rather than on 
tradition or theory, and that only those concerns willing to accept 
these facts and base their management accordingly can hope to 
survive. 

10 Out-of-date men, methods, and machines are fast being 
eliminated. 

11 More technically trained men are needed in both mills and 
selling houses. 

12 The great interest in research being manifested by a few 
progressive concerns. 

13 Disregard to a small extent of the traditional interpretation 
of standardization as something fixed and permanent, not only 
in regard to products, but to machines, equipment, and methods 
of processing. 


From a broad, general standpoint covering all branches of the 
industry, rayon has undoubtedly made the most radical advances, 
followed by cotton-goods manufacturing. Rayon has the dis- 
tinction of being used more extensively than ever before in prac- 
tically all lines in the trade, even being employed for industrial 
use. Outside of the two divisions mentioned, it is practically 
impossible to state with any degree of exactness what other 
branch has progressed the most. 

The progress made in the major branches of the industry 
follows. 


Rayon 


There has been a more widespread use of rayon in the textile 
industry during the past year than ever before. This has been 
due to the much-improved yarns produced by the rayon manufac- 
turers, better methods of handling in textile mills, and somewhat 
to improved machinery and equipment. 

Rayon yarns have not only improved as to general properties 
and quality, but are now made in finer sizes and finer filaments, 
as well as not being bleached so heavily as formerly, all of which 
constitute a decided benefit. 

The improvement has been in all kinds of rayon yarns: that 
is, with standard denier rayons, special denier rayons, and spun 
rayons made for either waste or cut filaments (occasionally termed 
“staple fiber”). The progress of rayon in the industry has there- 
fore been so remarkable that this year more pounds of it will be 
used than of silk. 

The intelligent use of both denier and spun rayon has helped 
almost all branches of the industry, but the unintelligent use or 
the employment of poor grades, particularly in the manufacture of 
low-grade fabrics, has been a detriment and generally a financial 
loss whenever used in this manner. There has been considerable 
progress in the development of all-rayon fabrics. 

The most important uses of rayon in mixture fabrics are de- 
scribed under various other headings in this report. Noticeable 
progress has been made in more even denier of yarn, more regular 
chemical composition, better grading, better put-up, proper 
conditioning, improved oiling, better winding and warping, 
more care in finishing, development of the rayon voile as a com- 
mercial product, development of rayon velvet, refinements in 
machinery, particularly warping and weaving, and better-con- 
trolled humidification. 
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Corron 


There is no one particular outstanding advance in cotton-goods 
manufacturing. Perhaps the greatest improvements have been 
in methods of management, methods of processing, and more defi- 
nitely controlled processing. There has been, however, a con- 
siderable amount of general progress in spinning, weaving, and 
finishing. 

There have been a considerable number of failures, liquidations, 
and some curtailment of running time. These, with the New 
Bedford strike, have been serious propositions for individual firms, 
but generally speaking the trade is in a better condition because 
of them. 

Noticeable progress has been made, such as: Miultiple- 
machine operation, sometimes termed the stretching-out process. 
While this idea had been used (and abused) previously to some 
extent, it is only during the last year that its real value has been 
recognized by both employer and employee. Naturally, it ap- 
plies more to the production of staples than of fancies, but where 
adaptable, every mill will be forced to use it or else forego a large 
part of possible profits. More careful selection of cotton. More 
thorough mixing. Oiling of stock before picking. Better meth- 
ods of picking, particularly the use of the so-called one-process 
picking. Better and more humidification, especially the realiza- 
tion that for best results the humidity and temperature must not 
necessarily be the same in each process. General refinements in 
machinery, particularly in the use of better-machined parts, anti- 
friction bearings and chain drives. Considerable improvement 
in auxiliary equipment. Better chemical control. More uni- 
versal use of temperature and pressure controls. 


WooLeEN AND WORSTED 


Broadly speaking, there has been comparatively little progress 
in the woolen and worsted branches of the trade, and the tendency 
still is to stick to the old ways of manufacturing and selling. 

A few concerns, however, have made decided progress, princi- 
pally by the employment of denier rayon, spun rayon. and rayon 
waste in both woolens and worsteds. There has been some slight 
use of cotton machinery, which has been altered to suit the work. 
The advantages of proper humidification have been realized by a 
relatively smal! number of mills to their great benefit. 

Outside of what has been noted, considerable progress has been 
made as follows: Decline in the necessity for very thorough 
carbonizing, and elimination of some carbonizing because of 
better methods of scouring, picking, and carding. More common 
use of full-automatic looms. Refinements in machinery, par- 
ticularly in the use of better-machined parts, anti-friction bear- 
ings, and chain drives. Better chemical control. Better tem- 
perature and pressure control. Tendency to humidify card and 
spinning rooms particularly. Tendency to eliminate the sponger 
before cutting up, by mills selling fabrics pre-shrunk. 


SILK 


Broadly speaking, there has been little improvement in silk 
manufacture as to management, methods of processing, or 
quality of product made. There has been a great improvement in 
designing and styling fabrics by a few firms. There has been 
considerable use of rayon as part of a mixture fabric, narrow- 
fabric plants being particularly eager to use rayon. 

Silk looms have been improved through more careful design, 
use of better-machined parts, and anti-friction bearings. There 
has been a slight tendency to humidify silk mills more adequately. 
Some progress seems to be made in weeding out the small manu- 
facturers operating upon hopes, a few looms, and a factor's 
capital, or practically none, and upsetting trade conditions, 
prices, and morale. 
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Fasrics 


Plushes. In so far as real progress is concerned, there has been 
practically none in machinery, equipment, and methods of proc- 
essing. If it were not for the closed automobile, most of the 
manufacturers of plushes would be shut down or running a day or 
two a week. Rayon has been used to a small extent for uphol- 
stery plushes, being a great advantage to certain manufacturers. 
There have been a few cases where new and better management 
has saved concerns from failure. 

Velvets. The velvet branch of the trade is another instance 
where the use of rayon has saved it from complete oblivion 
The development of the regular rayon velvet and the so-called 
“transparent velvet’? has saved velvet mills from being shut 
down completely, and a few mills are doing a good business on 
these cloths. Some which did not follow are practically shut 
down. 

Carpets and Rugs. This branch of the trade has gone along 
in the same old way with practically no progress or radical ad- 
vances. The use of denier and spun rayon for pile yarns, all or 
in part, has been about the only change of note. 


JUTE 


Jute seems to be slipping as an American industry. Weaving 
jute cloths (except bagging) is practically extinct. If low-grade 
cotton keeps down in price and jute the same (or higher), it will 
be very difficult to profitably manufacture in the United States 
anything but the cheapest of bagging and certain twines for quick 
delivery. 

ASBESTOS 


There is a slow but sure development in asbestos. The prod- 
ucts are such coarse, crude materials as a rule that the average 
manufacturer has not attempted to improve them much, and the 
methods of manufacture are about the same as in years past 


FELT 


Woven. Considerable progress has been made in woven-felt 
manufacturing, particularly in the selection and blending of wools 
used, as well as care in manufacturing, particularly in finishing. 
More products are being manufactured that really fit the purpose 
intended than ever before, these products being used mostly for 
industrial purposes. This is a decided advance and offers an op- 
portunity for the keen woolen manufacturer to widen his field. 

Pressed. Few advances have been made in this branch, as a 
majority of the products are gencrally low-grade felts used for 
shoes, slippers, etc. Mills are generally in the same old rut in 
both styling and manufacturing. There has been some little 
progress, however, particularly in the control of weights, dyeing, 
and finishing. 

Knit Goops 


The knit-goods branch of the industry has made no radical in- 
dividual advances, but there has been a decided general improve- 
ment due primarily to the better rayon obtainable and refine- 
ments in machinery and equipment. 

Progress has been made in: Better methods of lubricating 
denier rayon. Use of finer-gage machines. Simpler methods of 
finishing. Increase in the use of full-fashioned-hosiery ma- 
chinery. Increase in amount of all-rayon hosiery. Use of spun 
rayon in various kinds of knit goods, especially hosiery. More 
and better humidification in some few mills. Tendency to 
standardize sizes when possible. 


CONCLUSION 


The textile industry in Great Britain and Europe, particularly 
in the latter, is making great efforts to secure basic facts and in- 
formation by chemical, physical, and mechanical research, far 
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TEXTILES 


more so on the average than we are doing in this country. This 
is of course a decided forward step, and will be of great assistance 
in broadening their markets. On the other hand, it will be many 
years before the European mills or those in Great Britain will be 
using the remarkably improved methods of management and 
definite control of processing that have been so successful in a 
small number of progressive mills in this country. 

Strenuous competition with little or no profits will force us to 
make more rapid progress in machinery and equipment, as well 
as in management and methods of processing, as already men- 
tioned. 

The keen American manufacturer, with the aid of research and 
better management and processing methods, does not therefore 
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have to fear European competition. American ingenuity and 
progressiveness, plus some kind of a tariff, will surely more than 
offset any condition brought about from the competition of 
foreign goods. 

This report is a compilation of the findings and experiences of 
many men in the industry. It is realized, however, that no mat- 
ter how broad the scope of the Executive Committee of the Tex- 
tile Division, it cannot know of every development in the in- 
dustry. Any information on definite progress not included in 
this report would therefore be welcomed by the Executive Com- 
mittee of the Division. 


James W. Cox, Jr., Chairman. 
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Progress in the Wood Industries 
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Executive Committee: William Braid White, Chairman, Chester L. Babcock, Secretary, Paul 
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r I NHE industries which deal with the manufacture and use 
of lumber continue to display signs of activity in the do- 
main of engineering. It is only a few years since the first 

intimations were heard that the cutting of trees and the sawing 
of logs could no longer be considered as a primitive matter, and that 
natural resources in the line of timber were by no means inex- 
haustible. Probably because the warnings were thoroughly 
well founded, they began to attract attention almost immediately, 
and in due course the lumber industry itself came to recognize 
the great difficulties which were likely to be encountered both in 
the obvious and rapidly hastening exhaustion of supplies of 
standing timber of merchantable grade and in the equally rapid 
growth of substitutes which had become vastly popular in the 
fields of building construction and furniture. 

The crusade which the Department of Commerce has under- 
taken during the last five years for the special purpose of preach- 
ing the gospel of economy and efficiency in woodworking fitted 
in with, and was an outgrowth of, the alarming facts of our supply 
of standing timber, and the National Committee on Wood Utili- 
zation which the Department set up three years ago has worked 
steadily—never more so than during the past twelve months— 
to teach the users of lumber how to treat this precious commodity 
with fair understanding and how to close the present all too 
common and deplorable avenues of waste which use and custom 
have long held to be inevitable. It is fair to say that marked, 
if not the most remarkable, features of the wood industries 
situation during 1928 have been (1) the recognition by the 
lumber industries of the dangers threatening them from exhaus- 
tion of supplies and from substitutes, and (2) the adoption by 
the United States Government, through the Department of 
Commerce, of a definite policy directed toward obtaining the 
facts in the premises and discovering, through the cooperative 
help of the industries concerned, what can be done to ameliorate 
their effect. 

The Wood Industries Division of the Society meanwhile has 
done its share in the way of cooperation with all branches of the 
wood-using trades. It has held another national meeting, has 
sponsored sessions at other stated meetings of the Society, and 
has contributed papers to the Transactions. Every effort has 
been made by the Division to secure discussion of all aspects of 
the engineering of woodworking, if the phrase may be allowed, 
and the special aim has constantly been to do what can be done 
toward bringing about among woodworkers the knowledge and 
experience necessary to aline their methods with those of the 
most advanced mechanical industries; and simultaneously to 
assist in carrying into effect, in so far as may have been possible, 
the work of enlightening the users and fabricators of wood along 
the lines laid down by the Department of Commerce through 
the National Committee on Wood Utilization. On this com- 
mittee sit two representatives of the Wood Industries Division. 

During the past year one of the most interesting develop- 
ments in woodworking has been the steady increase in the use 
of dimension stock. The practice is increasing of adapting 
factory practice to the use of lumber stock cut at the mill to set 
dimensions and sold accordingly. The practice of packaging 
such dimension stock is also growing. Naturally, one of the 
results is an increase in the active work of conservation, since 


this method permits the utilization of much short-length lum- 
ber, and at the same time preveuts a great deal of the waste 
which was and is inevitable when cutting to length is done arbi- 
trarily and without standards. The growth of the practice has 
not been very rapid, but it has been steady and encouraging. 
Here is one more step practically taken toward the practical 
conservation of supply and elimination of waste toward which 
all far-sighted men are looking. 

Meanwhile it is to be noted that prices of lumber, save in the 
case of specialties, remain practically at the same level as pre- 
vailed during last year. This may indicate some improvement 
upon the recently prevailing habit of flooding the market with 
lumber products in an effort to find outlets for excessive cutting. 

In the field of woodworking machinery it is to be noted that 
the use of the individual motor drive is rapidly increasing. The 
advantages of this system over belt drive are steadily becoming 
better appreciated, and today some of the larger machinery 
manufacturers actually are not making any belt-driven machines. 

Another interesting tendency is toward standardization of 
power requirements. It appears that 60-cycle alternating cur- 
rent of either 220 or 440 volts is coming to be called for by all 
manufacturers of motor-driven woodworking machines, thus 
establishing a standard where standards have long been needed. 
This in turn will undoubtedly lead to standardization of current 
inputs for manufacturing purposes throughout the country. 

More powerful machines with greater development of multiple- 
operation units are also to be observed as a feature of the year’s 
history in this field. Form cutters and form saws have made 
their appearance in greater numbers. For cutters and knives, 
the use of high-speed tungsten steel is becoming universal, en- 
tirely supplanting the old-fashioned carbon steel. Grinding and 
filing of saws has been done to an increasing extent throughout 
the year by machinery rather than by hand. 

In the fabrication of lumber one notes increased use of fancy 
veneers in the ornamentation of furniture, in marquetry work, 
and in similar applications. Tropical woods, too, are steadily 
gaining in this field. 

For interior trim in building and in similar uses there is a 
steady attempt to treat woods so as to make them fire-resistant, 
or at least fire-retardant. The work is even being extended in 
some cases to experimentation with furniture, and much good 
may be looked for during 1929 in this direction. 

For finishing wood products, lacquer is being steadily used in 
ever-increasing quantities, taking the place of ordinary varnishes. 
Cabinet work, furniture, and pianos are showing especially the 
effect of this movement. 

The influence of modernistic ideas of decoration and design 
is being increasingly felt through the field of furniture, musical 
instruments, and so on. 

Meanwhile it is interesting to observe that the trade associa- 
tions concerned with the production and use of wood are coming 
more and more to the conclusion that they must fight back if 
they are to withstand the attacks of the manufacturers of sub- 
stitutes. Campaigns of educational advertising designed to 
proclaim and teach the advantages of wood over all possible 
substitutes are being financed and carried out under the direc- 
tion of the lumber trade associations. It is likely that the tend- 
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ency in this direction will continue to be intensified for some 
time to come. 

Returning to the technical aspects of the wood industries we 
note an increasing use of compressed air for driving small tools, 
and a largely increased use of small electric-motor-driven hand 
screwdrivers, drills, and saws in various branches of wood- 
working. 

Standardization of operations, interchangeability of parts, the 
adoption of a common set of norms for threads, bores, and fit- 
tings, the classification of all technical names and terms in a 
common catalog exactly defined and universally recognized, are 
ideals by no means as yet realized, but it is gratifying to know 
that some progress is being made toward their realization. In 
Germany particularly, through the agency of a committee 
selected by the woodworking trades and operating with the help 
and under the auspices of the commerce department of the 
German government, much progress has actually been made in 
all these directions. The facts were disclosed, for the first time 
in the United States, through the medium of a paper written by 
a German expert and read at the Third Annual National Meeting 
of the Wood Industries Division held this year at Grand Rapids, 
Mich. 

The research activities of the Society sponsored by the Wood 


Industries Division are coming to a head in at least two direc- 
tions. The progress report of the Special Research Committee 
on Saws and Knives is now published and available for distribu- 
tion. The committee on prevention of forest fires through better 
methods of spark prevention has now seen completed the three 
surveys made on the Pacific Coast through the local sections of 
the Society, and is ready with a preliminary statement on this 
very important subject. Meanwhile the committee on addi- 
tional sources of supply of hardwoods is pursuing its labors 
under rather discouraging difficulties, but is making all the prog- 
ress possible in the circumstances. The subject is large and 
complicated, but progress is being made and the subjects are 
continually being ventilated. 

The woodworking industries are the modern successors of 
very ancient arts. To turn them into modern mechanized arts 
obeying engineering rule and practice is not easy; but the move- 
ment in the right direction is tremendously powerful. By de- 
grees the work is being accomplished, and it is probable that the 
researches and the discussions promoted by the Wood Industries 
Division of the Society are definitely helfing to turn the courses 
of events into the expected and the needed directions. 


Braiw Wuirte, Chairman. 
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Mechanical Handling of Lumber 


By CARLE M. BIGELOW! ann THOMAS D. PERRY,? BOSTON, MASS. 


UMBER and other wood products have been intimately handling methods will find the principal devices described herein, 
used on the hearth and in the home from days of antiquity. and while many other combinations will undoubtedly be devel- 
It has been the most readily workable and the easiest ob- _ oped in the future, they are likely to be based to a large degree on 
tainable material for all home equipment. the fundamental equipment and arrangements herein outlined. 
The board foot (1 in. thick by 1 ft. long by 1 ft. wide) has been 
the unit of measurement, and the individual board has been the 
unit of handling. In past eras of an abundant supply of common The handling of lumber presents a wide range of problems of 
labor and low wages a multiplicity of handlings passed unnoticed, | many-sized units and for a wide diversity of purposes. In gen- 
and the aggregate cost of such handlings was seldom considered _ eral, however, the lumber-handling problem may be divided into 
important enough to eliminate. The radically increased wages of three principal classifications: 
workmen and the diminishing supply of common labor, as well as 1 The handling of lumber for kiln drying on kiln cars, with 
the higher cost of living, have all exercised a marked tendency to green storage, dry kilns, and dry-storage tracks and equipped 
accentuate and emphasize these lumber-handling costs as exces- with transfer cars and lumber lifts, in fact, a kiln lumber yard 
sive and largely avoidable, and even as an important economic ‘on wheels.’’ 


CLASSIFICATION OF PROBLEMS 


opportunity for conservation. As an indication of its importance 2 The handling of relatively moderate sizes of dimension 
= __ 
FROM CAR TO DEAD PILE To TO LUMBER To TO KILN TRUCK TO FLOOR TO SAW 
WAGON YARD WAGON 


USUAL METHOD OF HANDLING LUMBER 


OIRECTLY THROUGH YARD AND KILNS TO SAW —— 
ECONOMIC METHOD OF HANDLING LUMBER et 
Fie. 1 Mopern Mertsop oF Hanpurne Lumser Wuicu Repuces Operations From Seven To Two 


it is a fair statement that every handling of 1000 ft. of lumber, lumber for erection and equipment of houses and small industrial 
board by board in the old-fashioned way, will average a direct, structures. This is largely soft wood, seldom kiln-dried, and 
labor cost of not less than 50 cents, which with a normal overhead _ frequently requiring many handlings. 
burden frequently doubles to an aggregate of $1. In fact, many 3 The handling of large-size structural timbers for the build- 
woodworkers consider “‘a dollar a thousand” as a standard cost of | ing of bridges, trestles, docks, large industrial structures, ships 
each lumber handling board by board. and vessels, and other operations requiring large-dimension stock. 
As a result of these markedly higher lumber-handling costs, as 
well as the imperative need of cost reductions to meet competi- 
tive conditions, recent years have witnessed a number of adapta- Gradually over the years changes have come about, not particu- 
tions of modern material-handling equipment among lumber _ larly conspicuous year by year, but almost epochal when compared 
manufacturing and utilization units. Such adaptations are still over a span of years. Fig. 1 shows, in the upper half, the con- 
regrettably few in number, and only a limited number of wood- _ ventional method of handling lumber through a dry kiln that was 
workers fully appreciate their significance and the value that ac- almost universal until a few years ago, and the lower portion of 
crues from their use. the illustration shows the modern method by use of lumber lifts, 
Several lumber-handling methods have been previously pre- power transfers, and yard trackage. In the older method there 
sented to The American Society of Mechanical’ Engineers in were seven handlings of the individual board, and in the modern 
earlier papers, some of which will be briefly summarized in this method there are two. While this illustration may be considered 
article. While the various adaptations described and illustrated _ typical, the authors have seen it worked out in an infinite variety 
herein cannot be considered a complete and exhaustive summary of combinations. 
of the methods used, yet the authors feel that the more important Fig. 2 is a bird’s-eye view of a lumber yard of one of the leading 
methods in use are typically illustrated and described in a more _ furniture factories in Grand Rapids, Mich., in which the indi- 
comprehensive manner than has been done before. Lumber vidual boards are unloaded direct from railroad cars to kiln cars 
operators and woodworkers who are searching for mechanical- and are never handled again until they are ready for the cut-off 
saw. 
1 Pres., Bigelow, Kent, Willard & Co. Mem. A.S.M.E. While the storage yard on wheels in this operation had a capac- 
J oak Woodworking Div., Bigelow, Kent, Willard & Co. Mem.  jity of 1,000,000 ft. of lumber, yet this was not adequate for the 
Contributed by the Wood Industries Division and presented at ee variety of se ies, thicknesses, lengths, and grades 
the New England Industries Meeting, Boston, Mass., October 1 to handled in a large furniture factory, and adjacent space was re- 
3 1928, of Tue American Society oF MecnanicaL Enoinerrs. quired where trackage connection was impossible and where the 
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transfer of a loaded kiln car was necessarily made over ordinary 
city streets. Hence it was necessary to have two kinds of me- 
chanically propelled transfer cars—one with flanged wheels (Fig. 3) 
to operate on the transfer tracks within the yard and one with 
ordinary road wheels designed to operate on the city streets and 
alleys—with suitable loading and unloading docks where short 
and somewhat flexible trackage connection can be made between 
the permanent yard tracks and those on the transfer car. 

There are instances in which it is advisable to remove the 
stickers on the kiln loads of lumber and to convey the solid pack- 
ages from the kiln car unloading shed to the cutting department. 
Conveying such a load with a Ross carrier straddling the load is 
shown in Fig. 4, the distance being some eight or ten city blocks 
from one branch plant to another. The load is deposited by the 
Ross carrier on the ground at the end of the high lumber-storage 
shed shown in Fig. 5. This shed is 50 ft. high, permitting the 


this can be accomplished by an overhead traveling crane, as 
indicated in Fig. 7. 

Another typical use of lumber lifts is shown diagrammatically 
in Fig. 8, in which one lumber lift is used to unload a kiln car of 
lumber and put it through the planer, continuously raising the 
level of the top of the load to planer-table height. The lumber 
from the planer is again piled on a second lumber lift, and this 
load is gradually lowered to maintain its top at planer-table 
height. The planed lumber is then transferred on wheels to the 
cut-off saw, where it is placed on a third lumber lift, and the top of 
the load is maintained at saw-bench height. The cut stock from 
the saw is piled on ordinary factory trucks. 


LuMmBER-YARD HANDLING, RETAIL OR WHOLESALE 


The retail lumber yard is always subject to an excessive load of 
lumber-handling costs. Fig. 9 shows a typical lumber-shed 


Fie. 2 Lumsper YARD oN WHeets, ALL LumBer Pitep on Cars 


delivery of the kiln-dried lumber to the cutting department on the 
third floor of the mill at the left of the illustration, from which it 
progresses downward to the shipping department on the first floor. 

The method used to support the loads of lumber beneath the 
traveling crane is interesting, it consisting of four L-shaped bars 
that turn on the vertical stems and that may be dropped between 
loads of lumber. The bottom bar of the L can be revolved to 
enter between the loads and to support the entire underside of the 
lumber load with the L bars as they meet. 

In this installation two men handle the conveying of all lumber 
from kiln to mill, using the Ross carrier, storing dry lumber in the 
shed, and delivering it to the cutting department. Their average 
handling is 75,000 ft. of lumber per day for the two-man crew. 

The lumber lift for maintaining the working height of the top of 
a kiln car at approximately the workman’s waist-line, for easy 
lumber handling, is shown in Fig. 6. This is in effect a quadruple 
jackscrew, with all screws simultaneously operated and with usual 
elevator limit switches. While the usual counterweighted eleva- 
tor or hydraulically operated elevator may be used for this pur- 
pose, the quadruple jackscrew type has been found safer and more 
“foolproof,” as well as more economical in installation costs, 
owing to the relatively short operating ranges required. The 
same type of lumber lift can be advantageously used to load green 
lumber on kiln cars at a sawmill, lowering the load into the lift pit 
as the kiln carload increases in height. 

It is occasionally necessary to shift a load of lumber piled for 
kiln drying from a crosswise-piled car to an endwise-piled car, and 


installation to reduce the individual board handlings from half a 
dozen to one, or at most to three. At the left end of the plan of 
this large shed is room for six railroad box cars for unloading to the 
racks or piles opposite. This unloading should be done in unit 
packages containing from 1000 to 2500 ft. b.m., each provided 
with proper skids so that crane hooks or chains can be easily 
slipped between the packages. In the center part of the shed is 
the general storage space, arranged by species, thicknesses, grades, 
or other requirements, and the piles are as high as is convenient 
to handle. Both rough and finished lumber, as well as in- 
terior trim, doors, flooring, sash, and all similar items, can be 
accommodated here under complete mechanical handling con- 
trol. 

At the right end of the plan in Fig. 9 is the automobile-loading 
dock, where automobile trucks or trailers can be crane-loaded with 
one or more packages of the desired lumber. Aisles are provided, 
as shown, between the piles of lumber in order that less than an 
entire package may be handled from piles to trucks by the primi- 
tive board-handling method and the standard lumber dolly. A 
cross-section of this shed is shown in Fig. 10. 

While this study has been made with reference to the require- 
ments of an individual lumber yard, it also illustrates a typical 
and highly economic method of eliminating the many costly 
handlings that are so conspicuous in the average city and subur- 
ban retail lumber yard. Many variations in size and arrange- 
ment are possible, the primary purpose being to reduce the in- 
dividual board handling to a minimum of one and a maximum of 
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three, which latter occurs only in the handling of Jess than a full 
package through the aisles. 

A practical example of a very similar method is shown in Fig. 
11, where the overhead traveling crane serves the entire interior of 
the lumber-storage shed and provides for the handling of unit- 
package lumber by mechanical means, except for the occasional 
breaking of a unit for balancing orders. This particular method 
has been adopted by the Weyerhauser Companies in a number of 
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their wholesale yards, some 50 cranes in all being placed at 
principal distributing points. 


PLANING-MILL HANDLING 


The handling of lumber in a planing mill is not so simple as in a 
lumber yard, where practically all lumber is merchandise and is 
subject to the handlings only of incoming and outgoing deliveries, 
with only occasional machining for customers’ requirements. 

At a planing mill or a sash-door factory, lumber is customarily 
piled solid in large dry sheds after natural or mechanical seasoning 


Fie. 5 PackaGces or Kitn-Driep LumBer Stackep Up To Go To 
Stock Saws ON THE THIRD FLOOR 
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Fig. 
at the sawmill. Such lumber is often bought under the seasonal 
conditions requirements. Undoubtedly this policy will yield to 
modern mechanical handling in the near future. 

Planing-mill lumber, however, requires several handlings, and 
these handlings are best accomplished when unit packages are 
conveyed by Ross carriers (which straddle a load of lumber con- 
taining from 2000 to 4000 ft. b.m.) through sheds and over road- 
ways to the point desired, and such loads are deposited directly 
in front of the machine where the lumber is to be worked. If a 
load of lumber is conveyed by one of these carriers to the rip saw 
and then repiled in suitable form, it may be reconveyed by the 
same device to the cut-off saw, planer, flooring machine, or what- 
ever subsequent operation may be required. These Ross carriers 
are exceedingly flexible, and packages of lumber can be handled 
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Another method of handling large timber as well as ordinary 
dimension stock in unit packages is by the monorail shown in 
Figs. 14 and 15. The monorail renders the same service as the 
Ross carrier, but with a less degree of flexibility, which is depend- 
ent entirely on the location and distribution of the overhead 
rails. On the other hand, the monorail requires less careful piling 
for packages, will convey larger packages, and can place and re- 
move the packages to and from lumber piles at various heights. 
The monorail has such a wide adaptation to various material- 
handling operations that its application to lumber is the only 
particular feature of interest in these illustrations. 

The most interesting combination of a lumber yard on wheels 
for kiln-dried stock, together with gantry and locomotive cranes 
for handling large structural timbers and ordinary building lum- 
ber, has been developed by Bigelow, Kent, Willard & Co., Inc., 
for the Newport News Shipbuilding & Drydock Company. A 
plan of this development, which is now in operation, is shown in 
Fig. 16, giving in outline the green-storage yards, the transfer 
track to the dry kiln, the dry storage with racks for kiln- 
dried lumber above, and the shift track from the dry-storage shed 


ll | 


5 
Ys 


PLAN 


Fie. 9 
in a wide variety of ways. The “chauffeurs’’ of these cars be- 
come very dexterous in their handling and can operate them in 
unbelievably small areas with a high degree of accuracy and 
efficiency and without upsetting the piles or bruising the lumber. 


HANDLING STRUCTURAL TIMBER 


The handling of individual timbers of large size by man power 
has been a difficult problem in the average lumber yard, since only 
a relatively small quantity of such stock is ordinarily handled. 
The opening of the Panama Canal, however, ushered in a new era, 
bringing the West Coast dimension timbers to Eastern tidewater 
points. Such shipments were handled in such quantities that 
mechanical-loading devices of the large shipbuilding companies 
were made available, and from this has developed a typical 
timber-handling procedure as illustrated in Fig. 12. In this case 
a large gantry crane is used with cantilever ends, traveling 
throughout the length of an extensive yard, one side of which con- 
sists of tidewater dock space. In addition to the gantry crane, 
Ross carriers are extensively used in conveying large timbers or 
unit packages of timber from one part of the yard to another for 
piling, and such unit packages can be raised by the gantry crane 
and placed on ordinary delivery trucks or trailers. Fig. 13 is from 
another portion of the same yard, where the gantry crane is shown 
handling packages of ordinary lumber, as distinguished from 
heavy timbers, from and to Ross carriers, piles, and automobile 
trucks. This particular yard specializes on bringing Pacific Coast 
lumber products to Hudson River tidewater points for distribu- 
tion in the New York metropolitan district, and individual board 
handling methods were economically impossible. 


TypicaL LumMBEeR-SHED INSTALLATION TO REpDucE Boarp HANDLINGS 


to the joiner shop. In most instances the lumber to be kiln-dried 
will be unloaded directly from the railroad car to the kiln car, 
although the kiln transfer-track extends under the gantry crane, 
and lumber piled with stickers for kiln drying may be taken from 
yard piles to kiln cars or vice versa. This would be substantially 
as illustrated in Fig. 7, if a gantry crane were substituted for the 
overhead traveling crane shown. 

At the Newport News Shipbuilding & Drydock Company’s plant 
a large amount of Pacific Coast timber is received in cargoes and 
unloaded direct from the hold of the vessels to gondola cars by 
locomotive cranes. When the gondola cars are shifted to the 
proper position in the yards, the packages of lumber are removed 
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by locomotive cranes to lumber piles. These lumber piles will be 
placed so far as possible within reach of the gantry crane, and by 
this gantry crane this lumber or timber may be transferred in unit 
packages to the dry kilns, the joiner shop, or the ship carpenter 
shop, or be placed on automobile trucks or trailers for conveying 
to the hulls or to any part of the yard that is beyond the reach of 
either the gantry crane or the locomotive cranes. 


Fig. 11 Packaces or LumBer StTackep StoraGe SHED 
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So far as is known, this is the most complete and diversified 
lumber-handling equipment installation that has been actually 
built up to the present time, combining as it does the kiln-lumber 
yard on wheels, the overhead traveling crane in the ship-carpenter 
shop, the gantry crane in the yard, and the locomotive crane for 
transferring package timber from vessels to cars and from cars to 


Fig. 12 Gantry Crane Hanpiinc Larce Timsers, Two 


Ross CARRIERS IN FOREGROUND 


Fig. 13 Gantry Crane HanpiuinG PackaGe LuMBER From PILES 
To Truck 
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piles, or in certain instances direct from vessels to piles. The 
dry-storage shed (shown in cross-section in Fig. 17) provides for 
carrying on kiln cars the varieties of lumber used in the joiner 
shop in kiln car quantities and for carrying in racks on balconies 
above the kiln cars such varieties of lumber as are not ordinarily 
used in full kiln cars, but which may be assembled on kiln cars for 
shifting to the joiner shop as required. 


MERCHANDISING LUMBER IN PACKAGES 


It has been stated that every individual handling of 1000 ft. of 
lumber in board form costs approximately $1, and it requires no 


problem has been the natural or mechanical drying of short pieces 
without undue end checking, owing to uneven shrinkage, as well 
as some warp and wind owing to the same cause, but the solution 
to this problem is in sight. 

Many attempts have been made to reduce the handling of such 
dimension stock to standard unit packages, but, it is admitted, 
with rather disappointing results. The need is so urgent that, 
like many other supposedly impossible things, it will be accom- 
plished in the near future. Some proponents advocate a unit pack- 
age of such a size as to be conveniently handled by a workman, 
probably not over 50 or 60 lb., while others feel the solution lies. 
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argument to prove that the handling of small-piece dimension 
stock for wood turnings, dowels, chair stock, etc., reaches much 
higher figures. Most lumber that is remanufactured into factory 
product requires a very large proportion of small pieces and rela- 
tively few long or large pieces. Sawing a log into a board and 
then cutting the board into dimension pieces with considerable 
saw kerf and other waste can be shown to result in substantially 
less useful product than the direct sawing from the log to the 
dimension sizes. The difficulty has been the frequent handling 
and piling of the small pieces between the initial drop-off from the 
saw and the final outbound loading into the freight car. Another 


in a much larger unit package for mechanical handling only, per- 
haps in units of 500 ft. b.m., weighing from 2000 to 3000 Ib. The 
unit package or bundle should be assembled and bound together 
as soon as practicable after sawing; the packaging (Fig. 18) 
should be so designed as to permit adequate ventilation through- 
out for drying, and should be adapted to assembling on piles in 
yard, warehouse, or factory. The specifications are not compli- 
cated or difficult, and partial solutions are already in sight. 

The establishment of such a standard bundle or unit package 
will do much to encourage the use of dimension-cut stock, a prac- 
tice that is now severely handicapped by excessive handling and 
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drying costs. Mechanical methods must be adapted to this 
problem, and a proper unit packaging is the fundamental. 


PACKAGING FOR SALES 


So far consideration has been given to packaging merely as an 
aid to cost reduction in handling raw or semi-finished products. 
Much lumber is sold, however, to the ultimate consumer in its 
original form, usually sufficiently dried for use. A board is a very 
awkward unit to handle (more so in the cities than in small 
communities), except in quantities for construction purposes, and 
many ultimate consumers would prefer to purchase convenient 
sizes for home or school shops. Shingles and laths have for many 


Fic. 18 Unit PackaGe or DIMENSION Stock 


years been bundled, dried in bundles, and sold in this form; hard- 
wood flooring has been bundled after drying and machining, and 
so sold; soft wood in the form of sheathing, ceiling, flooring, and 
molding has been tied in bundles of five or more pieces of uni- 
form length, but the practice is far from general. More recently, 
knockdown window frames and other structural items have ap- 
peared on the market in package form, under several phonetic 
trade names. 

Would it not be commercially practical, as well as afford a con- 
siderable volume of sales expansion, to establish a series of stand- 
ard thicknesses, lengths, and widths for the ultimate consumer? 
The establishment of these sizes would also involve standard 
quantities for packaging, either in number of units or board 


footage. It is probable that the pieces would be kiln-dried, 
planed, and cut to standard length. Much of such finished di- 
mension lumber could be advantageously packed in cartons with 
water-resistant linings and properly labeled for shelf display and 
storage. A reasonable assortment of varieties and sizes in a 
hardware or department store would certainly stimulate the sales 
of both tools and lumber. It is the era of purchasing package 
goods from cereals and confections to knockdown furniture, and 
why is it not admirably adapted to lumber in this form? 

Schools and many other public institutions would welcome the 
opportunity to purchase in such convenient form; sizes and 
shapes could be made to conform to instructional uses; textbooks 
could be prepared to utilize such standard sizes as are available; 
and many other advantages would develop. Wood working is 
probably the most valuable of the manual arts for instructional 
purposes, at least a questionnaire in Mechanical Engineering 
(February, 1926) so indicated. The convenient procurement of 
lumber in this form would surely stimulate its use. 

The idea is by no means limited to soft wood, but is equally 
applicable to the so-called cabinet woods—oak, walnut, mahog- 
any, gum, poplar, and the like—as well as to veneer and plywood. 

Such packaging of lumber would conform to modern merchan- 
dising methods, would protect the product from damage, and 
would promote and encourage wider sales. It will require, how- 
ever, a careful study of sizes convenient to the consumer and 
readily produced from standard lumber sizes, and it may take 
some time to properly “sell’’ the idea to the buying public. 


CONCLUSION 


As stated, experience has shown that the average cost of han- 
dling 1000 ft. of wood product is about $1 per handling. Our 
experience has shown that there are from one to five unnecessary 
handlings in practically every wood-working operation, and a con- 
servative average can be assumed at two. Considering that we 
handle in this country approximately 38,000,000,000 ft. of lum- 
ber annually, this means an economic loss of from $38,000,000 to 
$199,000,000, or a conservative aggregate of $76,000,000. 

It seems obvious therefore that the attack on this problem of 
tremendous economic waste is a worthy one for the most militant 
efforts of the Wood Industries and Materials Handling Divisions 
of The American Society of Mechanical Engineers. 
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Ball Bearings as Applied to Woodworking 
Machinery 


By H. E. BRUNNER,' NEW YORK, N. Y. 


Anti-friction bearings have come into general use in all classes 
of woodworking machinery. Their adoption has been largely 
influenced by the trend to higher operating speeds and increased 
production. Considerable study and effort have been expended in 
developing the details for application of ball and roller bearings to 
the various types of equipment. The principles underlying the 
practice which is now generally followed are brought out by de- 
scriptions of actual bearing installations. Special considerations 
entering into the design and manufacture of bearings for this field 
are discussed. The question of lubrication, important from the 
point of view of the machinery operator, is considered, and require- 
ments of lubrication peculiar to anti-friction bearings are discussed 
in detail. 


are extensively used in almost all classes of woodworking 


A NTI-FRICTION bearings of the ball and roller types 
and saw-mill machinery. The ball bearing is employed 
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failures are costly as they result in loss of production and possible 
damage to the machine. 

Woodworking machines are operated where considerable 
inflammable waste material is present and when failure occurs 
there is a possibility that this material will be ignited. This 
fire hazard is eliminated by the anti-friction bearing, thus re- 
ducing the insurance risk. 

All plain bearings are susceptible to appreciable wear, and this 
becomes a serious objection in woodworking machinery since it 
allows heavy vibrations, resulting in subsequent bearing failures, 
and the quality of finish is seriously affected. 

Plain bearings require constant lubrication to maintain the 
oil film. Considerable lubricant is also lost through leakage, 
which results in high maintenance costs. 

The trend of the whole woodworking industry has been toward 
higher speed for improved quality of finish and increased pro- 
duction. Many of the speeds encountered are well beyond the 
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to meet those conditions where high speeds and moderate loads 
prevail, while the roller bearing is used where lower speeds and 
relatively heavy loads exist. Both types have successfully met 
the exacting requirements imposed upon them. Their intro- 
duction has been due mainly to the difficulties experienced with 
plain bearings such as: 


(a) Unreliable service at high operating speeds 
(b) Control of running clearance and vibration resulting from 
wear 
(c) High maintenance cost of lubrication 
(d) Liability of plain bearings to break down and fire hazard. 
The plain bearing, being dependent upon an oil film to operate 
successfully, is particularly susceptible to bearing failure. Such 


! Chief Engineer, SKF Industries, Inc. Mem. A.S.M.E. 

Contributed by the Wood Industries Division and presented at 
the Annual Meeting, New York, N. Y., Dec. 3 to 7, 1928, of THE 
AMERICAN Society OF MECHANICAL ENGINEERS. 
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economic limits of plain bearings and the accuracy required 
precludes their use. 
For purposes of discussion applications will be divided into 
three groups: 
1 .Heavy-duty saw-mill machinery 
2 Low-speed woodworking machines, non-precision type 
3 High-speed woodworking machines, precision type. 


Heavy-Duty MacuHINERY 


In this class are included band mills, band resaws, edgers, 
trimmer saws, together with their accessory parts, such as log 
carriages, etc. They are essentially low-speed applications 
with heavy loads and call for continuous operation at maximum 
feeds. 

The roller bearing is well suited to this class of service since 
it is capable of carrying heavy shock loads. There is also a 
considerable saving in lubricant and maintenance costs since 
these bearings need only be lubricated periodically and the bear- 
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ing housings can be made to provide effectively against leakage or 
loss of lubricant. Since no wear occurs in properly designed 
roller bearings when they are well mounted and protected against 
dirt intrusion, the rotating parts are always in proper adjustment. 
Vibration is likewise avoided so that the quality of finish is well 
maintained. A considerable saving from a power standpoint 
can also be realized on these heavy applications. 

A few mounting designs that have been found most satisfactory 
for machines of this class will be briefly discussed. 

Fig. 1 shows a mounting for the upper wheel of a large band 
mill. This wheel is carried on two self-aligning roller bearings, 
and in addition to the roller bearing each box contains one 
single-row deep-groove type of bearing which serves as a pilot 
bearing to stabilize the box. 

Fig. 2 shows the mounting for an 8-ft. band mill employing 
two roller bearings in each journal. 

These designs are intended to give some flexibility. A heavy 
oil is commonly used for lubricating, but grease is also used with 


satisfactory results on these machines. It will be noted that the’ 


bearings are protected against the intrusion of foreign matter 
by grease grooves and a flinger at the inside of each housing. 

Fig. 3 shows the mounting design for the lower wheel shaft 
of a band mill where one spherical roller bearing is used at each 
end supported in a pillow block. In some designs one end of the 
lower shaft is supported in a hanger type of housing and the oppo- 
site end in a pillow block as indicated by Fig. 3. Here again it 
will be noted that the enclosures provide oil or grease grooves and 
an external flinger to keep foreign matter from reaching the in- 
side of the bearing housings. The pillow-block design does not 
introduce any special features except for the enclosure, but greater 
care is needed in the design of the enclosures because they are 
underneath the saw and all parts of the machine become covered 
with dirt. 

Fig. 4 is a design of mounting used on the saw arbor of a direct- 
driven edger. An essential feature of these machines is their 
durability in view of the continuous service to which they are 
subjected at high rates of feed. Speeds on this class of machine 
are approximately 1500 r.p.m. Two aligning spherical-type 
roller bearings are employed in this design. The bearing ad- 
jacent to the coupling is pressed directly on the shaft while the 
one at the opposite end of the arbor is mounted with a press fit 
on a sleeve which has a tapered fit on the shaft. The tapered 
sleeve facilitates removal of the bearing whenever it is necessary 
to replace the saws, and as the housing, bearing, and sleeve come 
off as a unit, possibility of dirt intrusion is avoided. The bearing 
at the coupling end is held at the outer race to locate the arbor 
endwise, and although the bearing at the opposite end is also held 
at the outer race its housing is free to float laterally in a sub- 
housing. Oil is used in this design for lubricating—the level in 
each housing being controlled by means of an oil cup. The two 
oil grooves and labyrinth flinger provide an effective seal at each 
housing enclosure against the entrance of foreign matter during 
operation. 

Fig. 5 shows a design employed on the saw arbor of an 8-in. 
belt-driven edger. For these belt-driven units three bearings 
are used, one located at the outboard pulley end, one between 
the pulley and saws, and the remaining one at the outboard saw 
end. The bearings at the pulley and intermediate locations are 
pressed directly onto the shaft, while the one at the outboard saw 
end is on a tapered sleeve, for the reasons given. An oil- 
level control system is used for lubricating the bearings. 


Low-SreeD WoopworkKING 


This class includes such machines as saw tables, band saws, 
swing saws, circular saws, sanders, gear drives, feed-roll mecha- 
nisms, and others operating at moderate speeds under relatively 


light loads which can be very well met by the use of standard 
ball bearings. The advantages gained by the use of ball bear- 
ings are very similar to those outlined under ‘‘Saw-Mill Machin- 
ery,” not the least of which are the better quality of finish due 
to the avoidance of vibration and decrease in mainteuance costs. 

A few examples of typical mounting designs in this class of 
machines are as follows: 

Fig. 6 shows a design for a circular or cut-off saw to be fastened 
on a wooden bench. The wooden frame will deflect or warp con- 
siderably and in view of this an aligning type of bearing is highly 
advantageous. It will be noted that a heavier bearing is needed 
at the saw end than at the opposite end of the saw arbor. The 
bearings, however, as indicated in the figure, are of the same bore 
and outside diameter and are mounted in standard type of pillow 
blocks which are interchangeable. The flinger type of enclosure 
is desirable to throw off the sawdust. Misalignment in this class 
of equipment makes it necessary to increase the running clear- 
ances between flinger and housing. Oil is used as a lubricant in 
the design shown. 

Fig. 7 shows a mounting for a direct-driven swing saw. The 
operating conditions and service demands on this class of machine 
are very similar to those of the cut-off saw. Ball bearings are 
used successfully in this type of saw. The motor frame is at- 
tached to the swing arm and the bearings are held in the end bells 
bolted to either side. The enclosures on the motor side of each 
housing need not be extensive because the inside of the motor is 
already protected. The enclosure next to the saw must be more 
elaborate and should include some form of flinger. The fact 
that the saw is close to the bearing makes it customary in most 
cases to use the hub holding the saw to form the flinger. Be- 
cause of surging of oil, grease lubrication is usually employed to 
provide for the back-and-forth movement of the saw. 


WoopWoRKING MACHINES—PRECISION TyPE 


In this class are to be found shapers, surfacers, jointers or buzz 
planers, mortisers, borers and tenoners, molders, planers, and 
matchers, lathes, etc. Speeds ranging from 3600 to 8000 r.p.m. 
are commonplace. The demand for these high speeds has been 
brought about by the necessity for increased production so as 
to meet the requirements of plants engaging in furniture making, 
automobile-body building, radio-cabinet making, etc. The 
use of properly designed ball bearings has in no small degree 
helped to solve many of the difficult problems which presented 
themselves to the machine manufacturer. These problems have 
been met and solved in this field by those bearing and machine 
manufacturers who have worked in closest cooperation. 

It was found in the early work of applying ball bearings to 
these high-speed machines that they were not satisfactory. The 
most difficult problem was to build machines having accuracy 
and freedom from vibration, and to attain this end it was neces- 
sary to give special attention to the following features in the 
design of the bearings and mountings: 


(a) Tolerances in bearings including the internal fit between 
the balls and races 

(b) Eccentricity in bearing 

(c) Design of ball retainer 

(d) Smooth running qualities 

(e) Fits on the shaft and in the housing 

(f) Lubrication. 


The tolerances in the bore and on the outside diameter of the 
ball bearings must be closer than standard tolerances so as to 
avoid excessive press and loose fits on the shafts and in the hous- 
ings, respectively. Too loose a fit in the housings will cause 
vibration and an excessive press fit of the inner race on the shaft 
will disturb the original internal fit of the bearing. 
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Eccentricities in the bearing have a marked effect on the 
finished work due to vibration and hence must be held to a 
minimum. 

The ball retainer must be well balanced to avoid vibration and 
strong enough to resist the forces resulting from the high speeds 
and rapid starting. Steel cages are generally not satisfactory, ' 
as smearing may occur between the balls and retainer due to the 
sliding of the balls in the retainer pockets when the bearing is 
very quickly started. Die-cast bronze retainers machined for 
correct balance have been found to give the best results. ; 

In order further to insure smooth running it is necessary that SY 
the grooves of the bearings be finished with greater care than is Yi 
required for bearings used on relatively low-speed applications. 

In addition to the foregoing features of the bearing design SS 7 
tolerances on the following must also be held to a minimum: SMA 


(a) Parallelism of sides NX Se 
(b) Squareness of side with bore and outside diameter MG 
(c) Width tolerance — 
| (d) Parallelism of the race grooves with the sides. , 


It has been found that in order to fit the bearing on the shaft 
and in the housing properly the shaft and housing seats must (-) 
be ground to a smooth finish and held within tolerances com- on 
parable with those required for the bore and outside diameter 


In discussing high-speed designs it is fitting that we begin with 
the ball-bearing vertical shaper, inasmuch as it was on these 
machines that the problems of high-speed were first met with ' 
and solved. The shaper is a comparatively simple machine that 
. will handle a variety of work. It is, therefore, widely used in \ 

the small jobbing shops, as well as in the large automobile-body sass 
and furniture production plants. 
Ball-bearing shaper spindles are regularly. operating at 7200 
r.p.m. in the larger sizes and on some of the smaller machines 
from 9000 to 10,000 r.p.m. 

The spindle of a high-speed shaper is ground all over with high 
precision and the same precision is adhered to in fitting the parts 
on the spindle. In fitting armatures on the shaft for direct 
drives it has been found preferable either to press them on a 
straight shaft or else to hold them in place on a taper by means of 
a locknut. For pulley drives the pulley and spindle are some- 
} times machined out of one solid forging. All nuts on the spindles ¢ 
require attention to keep the face square with the threads or . 
otherwise they would spring the spindle out of shape. The nuts YI; 
may be scraped to fit or may be lapped in place. y y 

At speeds from 7000 to 10,000 r.p.m. a very small unbalance 
will be sufficient to cause considerable vibration, resulting in N 
chatter marks on the surface of the wood being worked. Some = SN 
of the electrical manufacturers have developed a special form of RX 
squirrel-cage rotor which provides lightness, strength, and — 
balance necessary at these high speeds. Z AW 


~ 


OW Feed Line 
Oil Return Line-- 


The importance of avoiding any radial play in the spindle 
demands a close fit of the ball bearing in the housing. It is good 
practice to grind the housing bore to close tolerances specified by 
the bearing manufacturer. The internal fit of the ball bearing 
is equally as important because it affects the operating qualities 
of the bearing as well as the looseness of the spindle as a whole. 
Ball bearings when mounted on these spindles should have a 
close internal fit. The initial fitting of the bearings must provide a 
for the expansion of the inner race due to press fits on the spindle a 
so as to obtain the desired resultant fit in the bearing. Some ae 
manufacturers prefer to mount the bearings with a push fit on — = 
the spindle to facilitate assembly. In these cases the bearings ; Sac 
must have the desired internal fit initially as expansion of the 
inner races does not enter. As explained previously this accurate 
fitting of the inner and outer races of the bearings on the shaft and 
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in the housing calls for closer tolerances in finishing the bearing 
bore and outside diameter. 
In order to insure uniformly satisfactory operation it is neces- 
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sary to make certain that foreign matter does not enter the 
bearing. For this reason it is considered essential to machine the 
inside of the housings to remove all core sand. The mounting 
design should include adequate enclosures, such as labyrinth 
flingers. 

Fig. 8 shows a design of vertical shaper in which a small 
pump is employed below the lower bearing. This pump takes 
the oil from the reservoir indicated and forces it up through a pipe 
to the upper bearing housing, from where it passes through the 
upper bearing. It is then carried out of this housing by a pipe 
to the upper-part of the lower housing, where it passes through the 
bearing and into the reservoir again. 

It will be noted that the upper enclosure on each bearing 
housing has a flinger form of seal which will prevent dirt from 
working down and into the bearings. The upper bearing carries 
the weight and radial loads, while the lower bearing takes radial 
load only. 

Fig. 9 is another design of a vertical shaper. In this design 
the lubrication system is different from the one described pre- 
viously. An oil reservoir is provided in the lower part of each 
bearing housing and the level is controlled by means of the oil 
cups shown. A felt wick extends from each reservoir through 
the housing casting to the top of each bearing and carries oil 
upward by capillary action. This oil is wiped off by the rotating 
member which rubs the wick and it then passes through the bear- 
ing back into the reservoir. This design filters out any dirt that 
gets into the oil supply. A flinger is used at the top of the upper 
housing, while at the lower housing a series of oil grooves provide 
a good seal due to the added protection afforded by the motor. 
The square end of the spindle projecting through the lower box 
provides a means of changing cutter heads without subjecting 
the bearings to possible damage from any abuse. 

Fig. 10 illustrates a mounting design of a horizontal ball- 
bearing spindle employing grease lubrication. Standard grease 
fittings are provided in each housing and these are preferable 
to pipe plugs as the possibility that the plugs will not be re- 
placed when the bearings are lubricated is avoided. The center 
bearing, in addition to carrying radial load, is held axially to take 
thrust and also locate the spindle endwise. The bearing at the 
other end of the motor carries radial load only, being free at the 
outer race to adjust itself laterally in the housing. The out- 
board bearing at the cutter end is mounted on a sleeve so that 
the bearing and housing can be removed as a unit when replacing 
the cutters, thus minimizing the possibility that dirt will gain 
access. This bearing is also held at the outer race, but the sleeve 
has a close sliding fit on the shaft and is, therefore, able to adjust 
itself axially. 

Fig. 11 shows a design for a vertical spindle using grease lubri- 


SS 


| 
Y 


Ya 


Fic. 10 Design ror Horizontay SpinpLE Usinc GreAsE LUBRICATION 


| | | 
= Upper Bearing 
MINS 
WH — 
| 
3 
K 
| £ 
er 
| | 
Y Z 


WOOD INDUSTRIES 


cation, while Fig. 12 is another mounting design of a horizontal 
spindle utilizing grease as a lubricant. 

Fig. 13 illustrates a mounting design used on a vertical spindle 
in a planer and matcher. The top bearing is held to take the 
thrust involved while the housing in which the lower bearing is 
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mounted can move up or down in an outer housing. The bear- 
ings are lubricated by oil supplied from wick-feed oilers and 
arranged so that the lubricant must pass through the bearings 
before passing out of the housings. 

Fig. 14 shows a mounting for the top cutter head of a planer 
and matcher. Bearings are lubricated by wick-feed oilers. 
These designs are typical of the high degree to which the detail 
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of applying bearings has been developed in the high-speed class 
of precision woodworking machine. 

In the operation of ball-bearing equipment proper lubrication 
of the bearings is of outstanding importance and deserving of 
special consideration. The practice to be followed differs 
radically from the methods which are generally satisfactory for 
conventional types of plain bearings. Unfortunately, confusion 
exists in the minds of many as to just what are the requirements 
of anti-friction bearings in the matter of lubrication and as to 
what type or system of lubrication is most satisfactory. At- 
tempts to generalize the conclusions which have been arrived at 
under certain specific conditions have led to many erroneous 
axioms, the proponents of which usually align themselves on 
one side or the other of the “oil versus grease”’ controversy. 

Were it possible to assemble for review all of the facts and 
circumstances which comprise the experience of the woodworking 
industry in the maintenance and operation of anti-friction bearing 
equipment we should, no doubt, find ample explanation for 
either school of thought. On the other hand, it would not be 
possible to find justification for the broad claims of either side in 
attempting to solve all of the lubrication problems to be en- 
countered. In the belief that a more thorough review of the 
underlying facts is desirable, this problem of lubrication will be 
discussed without any deference to its controversial character. 
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Successful performance of all types of bearings depends upon 
suitable lubrication. The type and quality of lubricant and the 
system for supplying it must bear a definite relationship to the 
design of the bearing, the design of the machine, and the con- 
ditions of operation. Anti-friction bearings by virtue of their 
rolling contact are not dependent on an oil film for carrying the 
load, consequently they are not subject to the critical relations 
of speed, load, viscosity, and temperature of lubricant which 
govern the behavior of plain or friction bearings. Likewise, the 
anti-friction bearing, since it does not require the presence of 
lubricant as an active agent in supporting the applied load, does 
not impose the necessity of feeding a comparatively large volume 
of oil in order to form a film to float the journal. Pressure lu- 
brication is never necessary nor desirable and circulating systems 
of lubrication are provided for anti-friction bearings merely as 
a convenience for centralized control and distribution. In 
common with the plain or friction bearing, the operating tem- 
perature is dependent upon both the speed of operation and the 
magnitude of the applied load, increasing with each of these 
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factors. However, high temperature in itself is not a criterion 
of the satisfactory performance of anti-friction bearings and 
cannot be considered as a priori evidence of bearing failure. 
More frequently it is indication of unsuitable rather than inade- 
quate lubrication and, contrasting with the performance of plain 
bearings, may be the direct result of an excessive quantity of 
lubricant in the housing. Under conditions of high speed and 
heavy load, ball and roller bearings may quite normally operate 
at compagatively high temperatures, possibly 175 deg. fahr. or 
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higher, whereas such temperatures in a plain bearing are generally 
indicative of improper design and are the forerunners of failure 
through rupture of the oil film and seizure of the bearing. 

The purpose of lubrication in an anti-friction bearing may be 
definitely set forth as follows: 


1 To support the sliding contact which exists between the 
cage or retainer and the rolling elements 

2 To support any contact between races and rolling ele- 
ments that does not provide a true rolling contact 

3 To protect the accurate and highly finished surfaces 
from rusting or corrosion 

4 A secondary function of assisting the housing enclosure 
in excluding grit and other destructive foreign matter 
from the bearing. 


The adequacy of any lubricant or system of lubrication can 
be judged by the degree to which it provides for these con- 
ditions, without developing complications of either a mechanical 
or commercial character. 

The four purposes of lubrication in anti-friction bearings may 
be considered in more detail. Sliding contact of the retainer is 
a necessary evil which is found in all commercial types of anti- 
friction bearing. The retainer itself is provided to obviate the 
more objectionable condition of adjacent rolling elements coming 
in contact at a higher relative speed and with a definite tendency 
to smear or abrade the surfaces. It is necessary to support the 
retainer either on the balls or rollers or on one of the races, and 
in any case these contacts must involve a sliding friction. Lu- 
brication of such surfaces partakes directly of the character of 
that of any plain or sliding bearing, with the important difference 
that such contacts in an anti-friction bearing are subjected to 
very light pressures compared with the load applied to the bearing 
itself. It may be considered that the retainer contacts are 
supported on a film of lubricant which must be established and 
maintained under the secondary pressures existing at these points 
and the conditions of speed and temperature of operation. Sat- 
isfactory design of the retainer requires adequate areas of contact 
for support and freedom from wedging action due to oblique 
contact. 

Brass or bronze is frequently used as a retainer material for 
high-speed bearings. Balance of the retainer together with 
proper control of clearances and eccentricity is especially impor- 
tant. Finally the lubricant employed must have sufficient body 
under the actual operating temperature of the bearing to maintain 
a film of lubricant in the contact areas. High speed tends to 
increase the pressure on such contacts, due to any unbalance, 
and further through increase in temperature of the bearing leads 
to a thinning out of the lubricant. 

The second purpose of lubrication applies more directly to the 
roller type of bearing where some guiding reaction is provided 
in the better types to assure proper alignment of the rollers with 
the races. Usually this is obtained by contact between the end 
or head of the roller and a suitable guiding flange on the inner 
race. The pressure developed at this contact is determined as 
a function of the applied load in the design of the bearing. Since 
this contact must involve some degree of sliding action, it is 
necessary to lubricate these surfaces as plain bearings. An 
essential consideration is to provide for the free access of the 
lubricant to the guiding flange of the race. As previously pointed 
out in connection with the retainer, the problem of satisfactory 
lubrication involves establishing and maintaining an oil film 
which will provide adequate support for the secondary guiding 
pressure under the conditions of speed and temperature of opera- 
tion. 

Protection of the bearing surfaces from rust and corrosion is 
of primary importance in assuring a long, useful life for the bear- 
ing. The smooth running of an anti-friction bearing is largely 
dependent on the accuracy of dimension and the high degree of 
finish provided in its manufacture. Such surfaces are particu- 
larly subject to rusting and corrosion when in the presence of 
moisture or free mineral acid. Water may gain access to the 
housing under unfavorable conditions of operation or may 
result from condensation or “‘sweating’” within the housing. 
Free mineral acid or free alkali is frequently present in the in- 
ferior grades of lubricants. Acid may result from oxidation of 
the lubricant in service and it should be noted that even a small 
percentage of dilute acid is highly destructive to the bearing 
surfaces. Corrosion will invariably impair the smooth running 
of the bearing, will predispose it to the wearing down of the 
finished surfaces thus causing internal looseness, and will greatly 
accelerate development of fatigue failure. 
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The function of the lubricant in serving to supplement the 
housing enclosure about the shaft is an important one. Exclu- 
sion of grit and foreign matter is imperative if the full, useful life 
of the bearing is to be obtained. Grit and other abrasive matter 
will wear down the bearing surfaces and develop internal loose- 
ness which predisposes the bearing to vibration. Foreign matter 
of any sort, particularly particles of dirt, sawdust, and shavings, 
will impair the smooth running of the bearing and in aggravated 
cases may cause locking of the retainer and failure of the bearing. 
Since any mechanical design of enclosure must provide a running 
clearance between the shaft and its collars and the housing or 
cover-plate such seals cannot be positive in their action. Felt 
washers are sometimes used, and although the choice of the grade 
of felt employed plays a considerable part in determining the 
rate of wear, they are generally unsatisfactory at higher speeds. 
When fitting the shaft tightly, they wear rapidly and cause con- 
siderable friction and heat. When loosely fitted, they are not 
more effective either in prevent- 
ing leakage from the housing or 
entrance of foreign matter into 
it than some form of properly 
designed oil or grease groove. 
Such grooves will serve to accu- 
mulate a film or body of lubri- 
cant which supplements the 
mechanical seal and reduces the 
actual running clearances with- 
out the introduction of friction 
and wear on the shaft. The 


lubricant which accumulates in 
the outer groove will frequently 
thicken, due to exposure to the 
air, and assume a consistency 
which makes it a very satisfactory form of packing. Naturally, 
the heavier lubricants are more desirable both from the point 
of view of limiting leakage from the housing and protecting 
the housing from the entrance of foreign matter. 

Considering the several functions to be performed by the 
lubricant in an anti-friction bearing it is evident that there is 
no requirement calling for a large volume of lubricant within 
the bearing. In fact, a few drops of oil or corresponding amount 
of grease, when properly distributed and dispersed through the 
running surfaces of the bearing, will provide for s:tisfactory lubri- 
cation for a considerable period of time. This is in outstanding 
contrast to the requirements of the conventional form of plain 
bearing. 

Experience has further shown that the presence within the 
bearing of any appreciable volume of lubricant is decidedly dis- 
advantageous at high speeds. The working or churning of the 
lubricant due to the passage of the rolling elements and retainer 
leads to high operating temperatures and seriously limits the 
useful life of the lubricant. This may be through the oxidation 
and sludging of the oil or through actual disintegration of com- 
pounded lubricants. Accordingly, it is apparent that successful 
lubrication of anti-friction bearings at high speed requires a 
system that provides definitely for controlling the amount of 
lubricant supplied to the bearing. 

With the above facts in mind it can readily be appreciated that 
the actual lubrication policy followed by any manufacturer 
must be a compromise between certain technical requirements 
and certain commercial considerations. The technical require- 
ments relate directly to the design of the bearing, the design of 
the machine, and the conditions of operation. The commercial 
considerations involve matters of policy or tradition both on 
the part of the machine manufacturer and of the machine 
operator. 
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There is also the further consideration of quality and types of 
lubricants that are commercially available. 

In the selection of lubricant for given operating conditions 
probably the most important consideration is the temperature 
developed in the bearing under the applied load and the operating 
speed. This depends on external conditions, and on the actual 
housing design from the point of view of heat dissipation. In 
general the higher the operating temperature of the bearing the 
greater the viscosity of the oil to be employed. With a grease it 
is imperative to insure, even though the operating temperature 
is well below the nominal melting point, that the body does not 
thin out to the point of permitting the grease to flow freely into 
the path of the bearing. 

At high speeds, that is 3600 r.p.m. and above, control of the 
quantity of lubricant becomes more important. With oil lubri- 
cation, some form of wick feed has been found convenient both 
from the point of view of regulating the flow and filtering any 
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incidental foreign matter that may have gained access to the 
reservoir. The maximum level of oil in the housing can be 
controlled by suitable location of the overflow and should provide 
for retaining oil to the level of the outer race groove land. With 
grease lubrication, overloading the housing with lubricant must 
be avoided. Intermittent contact between moving parts of the 
bearing and adjacent walls in the bulk of the grease is depended 
upon to pick up the lubricant and to distribute it within the 
bearing. 

The consistency of the grease at the operating temperature, or 
throughout the range of operating temperatures, must be such 
that the grease does not flow freely on the one hand, nor remain 
so stiff that it channels beyond the contact with moving parts 
of the bearing. 

At lower speeds a controlled level for the oil is usually satis- 
factory and this may be regulated to about the center of the 
lowermost ball or roller on horizontal shafts or spindles. Such 
control is maintained either by a telltale level plug, a sight 
gage, or overflow. On vertical shafts some form of flinger is 
employed to raise the oil from the reservoir to the surface of the 
bearing. Grease lubrication is satisfactory when properly 
selected for the operating temperature of the bearing. 

In closing it may be observed that the policy pursued by 
certain lubricant manufacturers of maintaining a technical field 
service is of definite advantage to the industry asa whole. Where 
such a staff is schooled in the experience which has been had by 
the various bearing manufacturers, they bring to the problem in 
the field a technical consideration of actual conditions which is 
superior to any attempted generalization. 

All too frequently the bearing manufacturer, the machine 
builder, and the machine operator have been together the victims 
of lax methods and commercial expediency pursued in the sale 
of lubricants. 
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Discussion roller bearing, because the oil-film bearing can be made in halves 


H. A. S. Howarrn.? Although the author’s arraignment of 
the plain bearing seems to be intended for a jury of manufac- 
turers and users of woodworking machinery, it may be construed 
by many to be a general arraignment. Whether it be general or 
specific, the plain bearing very evidently needs to be represented 
by counsel to prevent a miscarriage of justice. I have therefore 
assumed the role of advocate of the plain bearing. 

Plain bearings of the better types ought to be called oil-film 
bearings, because that name better expresses the complete separa- 
tion of the bearing surfaces that is attained when they are prop- 
erly designed. The term plain bearing, when used in a general 
way, might include the large class of poorly constructed bearings 
that are little more than a hole for a shaft to turn in. That be- 
ing the case, the oil-film bearing may be looked upon as relatively 
a newcomer in the field of machine construction. So new is it 
that some designers have not vet made its acquaintance. So old 
is it that in some kinds of service it has been known and used 
successfully for a generation. 

Oil-film journal bearings and oil-film thrust bearings, when 
properly designed, are the most durable bearings known today. 
They are also perfectly suited for carrying either light or heavy 
loads. They are also suitable for speeds ranging from very low 
to the highest attainable. Their durability is marvelous regard- 
less of speed. 

Wear is not inherent in oil-film bearings. Hence when properly 
designed and applied they can be made to maintain for many 
years such running clearances as were originally provided for 
them. 

The best oil-film bearings run with no appreciable loss of oil, 
because the oil is not aerated, nor injured by use, nor lost by 
leakage. The oil may therefore be used continuously for years. 
The most noticeable change in the oil is a slight increase in vis- 
cosity which is helpful rather than harmful. 

The oiling of ball and roller bearings is essential and is just as 
much of a problem as the oiling of an oil-film bearing. Where oil 
is present it may leak out, and care must be exercised with both 
types of bearings to prevent oil loss. 

Now with regard to friction: On the break-away, rolling fric- 
tion is admittedly less than the friction in ordinary film bearings. 
As soon, however, as relative motion begins, the friction in an 
oil-film bearing drops well below that in a ball or roller bearing. 
In fact, the lowest coefficient of friction ever obtained (0.00047) 
is credited to an oil-film journal bearing. 

For high speeds the friction for the oil-film journal bearings is 
higher than for ball bearings for the same service, but the dura- 
bility of the oil-film journal bearing far exceeds that of the ball 
or roller bearing when both are subjected to equally heavy loads 
and equally high speeds. 

To be specific, large steam turbines are running today at 1800 
r.p.m. with oil-film journal bearings 16 in. in diameter, each carry- 
ing a load of more than 30 tons. Oil-film thrust bearings with 
mean diameters of 10 in. are running at 3600 r.p.m., carrying 
loads of more than 10 tons. Other larger thrust bearings are 
carrying heavier unit loads at equally high mean linear speeds. 

Loss of production due to failure of oil-film bearings need not 
occur if suitable designs are used and proper care is exercised. 
Long life is an inherent quality of all good oil-film bearings 
whereas moderate to short life is inherent with ball and roller 
bearings even in small sizes, when they have to contend with 
heavy loads and high speeds. 

Loss of production due to time out when changing bearings is 
less inherent to a well-designed oil-film bearing than to the ball or 
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and readily renewed without breaking the continuity of a shaft; 
whereas ball or roller bearings are solid rings and must be threaded 
over the end of the shaft. 

In conclusion, as advocate for the oil-film hearing I must insist, 
when comparisons are made between them and the ball and 
roller bearings, that the comparison be made between representa- 
tives of both types that have received equally intelligent attention 
to design, application, and manufacture. 


CuHaARLEs 8. Beacu.* The ball bearings as shown on the first 
three pages of the paper, which I take to be SKF self-aligning 
bearings, have given considerable trouble in use on shaper spin- 
dles, which I have found to have a track cut in the outer ring, in 
the line of travel of the balls, while the inner portion of the ball 
race remained in good condition; and this I found most noticeable 
in large bearings when running at speeds of 10,000 to 11,000 
r.p.m. 

I have replaced several of these bearings, only to find the same 
conditions reproduced after a comparatively short period of 
operation. A careful examination disclosed that the ball re- 
tainer was worn the most, and the balls were freer in their places 
on the side that corresponded with the most worn track. This 
led to the idea that, however successful this particular form of 
bearing might be at moderate speeds and with comparatively 
light loads, the almost a point of contact in the ring (combined 
with the centrifugal force of the balls, which of course caused 
them to crowd toward the center of the ring and so wear the 
retainer), and the particles worn from the retainer acting as an 
abrasive, caused their destruction. 

I also know of similar use and work where ball bearings of the 
deep groove construction are giving good service. 

In connection with the subject of bearings, a case came to my 
notice of a Timken bearing next the driving pinion of an auto, 
which developed a loud squeal when a speed of about 30 m.p.h. 
was attained and which was markedly increased by an increase in 
speed. On examination of the outer race some almost impercep- 
tible depressions were found which were clearly shown when this 
ring was chucked in the grinder and touched with the wheel. 
Only a few thousandths were necessary to remove them. The 
ring was then replaced and the trouble was cured. Whether it 
ever again developed I do not know, but as nearly as I can re- 
member, the number of rolls in the bearing and of the teeth in the 
pinion were the same. 


G. B. Kareurrz.4 The author is rather severe on plain bear- 
ings; they are not quite as bad as described in the paper. Our 
company builds a large number of rotating apparatus yearly, in a 
wide range of sizes and speeds. Naturally, we use many anti- 
friction bearings, where such are justified. It is true that we have 
had trouble with plain bearings, but we have had trouble also 
with anti-friction bearings. Attention must be called to the 
utmost care the anti-friction bearing manufacturers urge in 
handling and lubricating their products. 

We refrain from standardizing on anti-friction bearings in 
most of our motors, being in position, however, to furnish all the 
motors with such bearings if so desired. The main reason is the 
increased cost of the apparatus, caused not so much by the price 
of the ball bearing itself, but by the complication of the mounting 
and of the bearing seals. There is no doubt that the anti-friction 
bearing manufacturers have made recently wonderful progress in 
improving their products; there are many applications where 


3 Designer, Machinist, Bennington, Vt. Jun. A.S.M.E., 
4 Research Engineer, Westinghouse Elec. and Mfg. Co., East 
Pittsburgh, Pa. Mem. A.S.M.E. 
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anti-friction bearings are necessary or convenient, but in most 
cases plain bearings will do the same work, if well designed, at 
less initial cost and with a considerably longer life. 

Our recent “sealed sleeve’’ bearings hold oil very efficiently; 
they may run for many months without any loss of lubricant. 
The design of these bearings is not nearly so elaborate as the 
means used for keeping the lubricant inside an anti-friction 
bearing. 

The term “anti-friction” is quite misleading. When running 
at high speed, the friction in well-designed sleeve bearings is of 
the same order as in well-lubricated anti-friction bearings. The 
big advantage of anti-friction bearings is their low starting torque. 
While in plain bearings the starting friction torque is from 12 to 
30 times the running friction torque, in anti-friction bearings this 
ratio is only 2. An appreciable saving in running friction is 
therefore obtained only in very slow moving parts, heavily loaded, 
such as conveyors, calenders, and rolling mills. 

The accuracy of machining, control of running clearance, and 
vibrationless operation were very much stressed. It was pointed 
out than on finishing planers an accuracy of 0.00007 in. is neces- 
sary. For this application ball bearings are no doubt necessary. 
But this accuracy is exceptional, and bearings for this machine 
are quite costly, no doubt. Wherever an accuracy of the order 
of, say, 0.0005 in. is required, plain bearings will give a quite 
satisfactory performance. Besides, a well-designed plain bearing 
does not wear quickly and is not liable to break down; its per- 
formance is essentially silent. 

In general, anti-friction bearings have their advantages, and 
in the present state of development they may be advantageously 
applied in many ingtances. It seems, however it so happened, 
that the plain-bearing design has been behind the quick develop- 
ment of the size, speed, and other requirements exacted by prog- 
ress in woodworking machinery. The anti-friction bearing 
capitalized on this circumstance and has made a good showing. 
At present the art of building sleeve bearings has advanced con- 
siderably, and for most applications such bearings may be de- 
signed to meet all necessary conditions. With all credit due to 
the achievements of the anti-friction bearing manufacturers, the 
industry will choose the most suitable, inexpensive, convenient, 
and reliable bearing for its needs, and in many instances a sleeve 
bearing will be preferred. 


Avan E. Firowers.’ It is quite certain that ball and roller 
bearings have some very real advantages, and we are greatly 
indebted to the author for giving real data upon ball bearings and 
upon the difficulties that have to be taken care of in their design 
and use. 

We ought not, however, to forget some of the advantages of a 
plain bearing. We have made a number of friction tests, and 
we have seen a number of tests made elsewhere on as nearly as 
may be the same size machines, and in no case that we know of 
are the power requirements less at high speed with the so-called 
anti-friction bearings. They are always, so far, less with the 
plain bearing. 

It would appear that the ball and roller types are particularly 
good for start and stop conditions and that, on the contrary, 
plain bearings are apparently appreciably better at full constant 


5 Engineer Charge Development, De Laval Separator Company, 
Poughkeepsie, N. Y. Mem. A.S.M.E. 
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speed and, if designed for the service, more and more advantage- 
ous at further increases of speed. 

In addition, in those cases where there can be an appreciable 
unbalance of the rotating parts, the plain bearing has some 
marked advantage: over the more rigidly held ball or roller bear- 
ing. The effect of even a very small amount of unbalanced 
weight at even moderate diameters, such as 1 foot, is extremely 
great indeed. 

For instance, a weight of 40 grams at 6000 r.p.m. means a side 
throw, if constrained, amounting to over 300 kilograms, and that 
gives a very severe pounding action upon any of the ball or roller 
types of bearing. If the bearing is free to move against a spring 
pressure, then the rotating body rotates upon its new center of 
gravity, and instead of imposing a heavy impact load, the spindle 
weaves. The amount of this weave may be extremely small, only 
a few hundredths of a millimeter, but it is very desirable that the 
spindle should have such a weave. 

Certainly in those cases where plain bearings are run con- 
tinuously without stop and start, there is almost no wear. Mr. 
Karelitz has given an outstanding example of such a case. Many 
of you are familiar with the operation of high-speed steam tur- 
bines where months, perhaps years, may elapse without a single 
stop. When a stop is made and the surface is examined, they are 
usually found absolutely untouched by wear. The original tool 
marks are still present. 


AvuTHOR’s CLOSURE 


The discussion has been very interesting. I think that most 
of the questions brought up have been answered. 

Mr. Beach cited two instances where he used two-row bearings 
at high speed, 30,000 r.p.m. We do not use this type for such 
high speed on vertical spindles. Any bearing with two rows of 
rolling elements on a vertical machine will likely cause some 
difficulty, because the weight of the spindle downward will dis- 
place one row, and that row which is displaced will not behave the 
same as the one with the load on it. It will probably drag or skid 
and tear the cage. A single-row bearing will work very well, as 
he later found by experiment. 

Mr. Beach had another problem. I believe it was a pinion 
drive with some form of anti-friction bearings having taper 
rollers. He said that the operation of the cones and cups caused 
grooves to develop and that the number of grooves equaled the 
number of teeth on the pinion. This undoubtedly was due to 
abrasive being present along with vibration at times when the 
pinion was not rotating. The shaking action which took place 
when accompanied by abrasive will wear grooves corresponding 
to the number of rollers. It can be avoided if the bearing is 
kept clean. 

The subject of plain bearings versus anti-friction bearings has 
had a lot of consideration. I do not believe I can add anything 
to it except to say that the use of anti-friction bearings in wood- 
working machinery is a practical accomplishment. The plain 
bearing has had plenty of opportunity to make good and possibly 
could have done better had it received the attention and careful 
study which the anti-friction bearing has received. However, 
the ball bearing does not incur a lot of extra fitting for replace- 
ment, but is something that can be purchased as a standard prod- 
uct throughout the trade and affords the user more convenience 
than dealing with something which must be worked on and run 
in anew each time. 
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The Application of Universal Chucks to 
Woodworking Machinery 


Types of Shanks and Spindles That, With Universal Chucks, Insure Accuracy 


By A. E. ENGLUND,' HARTFORD, CONN. 


gineers interested in woodworking practice to the econo- 
mies and improvements to be secured by the use of universal 
chucks on woodworking machines. This is particularly true in 
connection with boring and routing machines and lathes, where 
the use of a universal chuck will eliminate the need of special 
spindle or tool construction, and provide for a rapid change of 


‘Te purpose of this paper is to direct the attention of en- 


Fia. 1 Key-Type Universat Cuuck 


Fig. 2) Keyiess-Tyre Universat Cuuck 


tools and a more accurately running tool bit. This higher degree 
of accuracy will in turn result in less tool breakage, closer produc- 
tion tolerances, and decreased wear upon the bearings of the 
machine. Methods of mounting such chucks on present-day 


equipment with suggestions for future spindle development will 
also be discussed. 


' Chief Engineer, Jacobs Manufacturing Company. 

Contributed by the Wood Industries Division and presented at 
the Annual Meeting, New York, N. Y., Dec. 3 to 7, 1928, of Tue 
AMERICAN Society oF MECHANICAL ENGINEERS. 
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Wauart Is a Universat Cuuck? 


A universal chuck is a tool or work-holding device so con- 
structed that it may be mounted on a spindle or arbor and having 
adjustable jaws or gripping surfaces which firmly hold tools or 
work of varying diameters in a central position. Two types of 
chucks are shown in Figs. 1 and 2. 


History AND DEVELOPMENT 


The woodworking industry dates back to prehistoric days, and 
since these early times man has used wood and worked it into 


Fie. Bortne Macuine With Untversat Cuuck 


various forms to suit his needs. His first efforts were aided by 
crude hand tools, improved through the ages to the point where 
carving in wood became one of the fine arts. Only in the past 
half-century has development been made in woodworking machin- 
ery, and only in the last ten years or so has woodworking been con- 
sidered in the light of quantity production. As in the metal- 
working industry, this has necessitated closer accuracy, more 
powerful machinery, higher speeds, and better methods of holding 
and changing tools. 

For the purpose of this discussion, woodworking machinery will 
be divided into three classifications to conform to the varying 
means of holding tools or bits. These are boring and routing 
machines, lathes, and combination woodworking machines. 
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BorinG AND RovutinG MAcHINES 


Borers and routers are to the woodworking industry what 
drilling and milling machines are to the metal-working field. 
Universal chucks are used almost exclusively on metal-working 
machinery, and they are equally adapted to the same use on 
similar-purpose machines in the woodworking field. 

Fig. 3 shows a boring machine, on the spindle of which a uni- 
versal chuck has been directly fitted by means of a thread on the 
spindle which fits a threaded hole in the chuck as shown in Fig. 4. 
Fig. 5 shows a hollow-chisel mortising machine, the boring spindle 
of which has been fitted with a universal chuck by means of a 
taper fitting the tapered hole in the chuck as shown in Fig. 6. 
By the use of these universal chucks it is possible to change boring 
bits instantly, no matter what the diameter of the shank may be, 
and be sure that the boring bit is held accurately in a central 
position. 
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Fic. 4 THREADED SPINDLE FOR Fic. 6 Taper SPInDLE 


UNIVERSAL CHUCK 
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Fic. 5 Mortistnc MACHINE 

41/6, in. in diameter, and to fit tools to the spindle it is 
essential that they have shanks of the same diameter 
as the spindle in which they are held by means of a 
| setscrew, as shown in Fig. 7. This results in eccentric- 
ity, as the shank of the tool cannot be perfectly fitted 
in the bored hole, and the setscrew has a tendency to 
damage the shank and to force the tool to one side 
of the spindle. However, universal chucks may be 
H permanently fitted to spindles of the setscrew type by 
means of an arbor, one end of which is machined straight 
and the other tapered to fit the tapered hole in the chuck. 
In mounting a chuck and arbor in this manner it may be 


difficult to eliminate eccentricity completely, but it 


stands to reason that a higher degree of accuracy can 
be secured on a permanent fitting of this character 
than where tools with scored shanks are being con- 
stantly changed. To attain the maximum accuracy 
it may be necessary to shim the arbor in position, 


Fie. 7 Srraicgut-SHank Fic. 8 Ar- 
BOR AND CHUCK 


Many boring machines in common use at the present time have 
a straight hole bored in the spindle. This hole is usually '/; in. or 


Fie. 9 SprinpLeE WITH 
TAPER ARBOR AND 
Cuuck 


holding it by means of the setscrew, after which no fur- 
ther adjustment is required. (See Fig. 8.) 

A few borer and router spindles are produced with 
taper holes, and, as in metal-working practice, taper 
arbors accurately fit chucks to these spindles and repre- 
sent the ideal spindle construction. (See Fig. 9.) 

Routing machines of the stationary type have in the 
past been furnished with straight-hole spindles, similar 
to the older boring-machine practice illustrated in Fig. 7. 
Routing tools are fitted to these by means of the setscrews and uni- 
versal chucks may be fitted by means of straight arbors (Fig. 8). 
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Routers of the portable type, Fig. 10, present a new problem in 
tool holding on account of their high speed and sensitivity. 
These portable routers are a development of recent years, and in 
almost every instance a universal chuck has been fitted directly 
to the spindle asin Fig. 4. It can readily be seen that if the tool 
bit is not held in a central position the spindle will not be balanced 
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Fic. 10) PortasLe E_ectric RouTrer 


Fic. 11 Specrar-SHank Fic. 12) Srraigut-SHank 
COUNTERSINK AND DriLu Bir, AND COUNTERSINK AND UNI- 
VERSAL CHUCK 

and excessive vibration and wear will result. While the effect of 
inaccurate tool-holding methods may not be so apparent on 
routing machinery of the stationary type, it stands to reason that 
vibration, inaccuracy, and inefficiency do exist and are relatively 
important. 

One other method of mounting tools upon router and borer 
spindles has been developed to overcome the deficiencies of the 
setscrew type of holder. This comprises a spindle of special 
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form, threaded, tapered, keyed, etc., but except on special-purpose 
machines it has not been found practical owing to the high cost 
involved and the inconvenience of using tools having special 
shanks to accommodate them to the spindle. Fig. 11 shows 
a special tool construction of this type, and it will be readily seen 
that equal or greater accuracy, far greater speed in changing tools, 
and greater interchangeability with lower cost of tools can be 
secured by the use of standard bits or drills which can be ac- 
commodated in chucks of the universal type. (See Fig. 12.) 


LATHES 


A universal chuck may be listed as very essential equipment on 
a woodworking lathe, and is used to great advantage in both 
the headstock and tailstock. Any symmetrical piece within 
the capacity of the chuck may be held in the headstock, while 
machining operations such as boring, drilling, or countersinking 
can be quickly and accurately done by means of tools held in the 
tailstock. This application enables the operator to change tools, 
bits, or the work itself in minimum time. Nearly all woodwork- 
ing lathes are provided with Morse-taper spindles, and it is a 
simple matter to fit chucks to these by means of Morse-taper 
arbors. 


CoMBINATION WOODWORKING MACHINES 


The combination woodworking machine is also a development 
of recent years, and introduces into building construction machine- 
tool methods similar to those developed in the production wood- 
working field. These machines combine, usually in portable 
form, a saw table and a boring and routing spindle which may be 
adapted to the varying needs of construction work. In nearly 
every instance, universal chucks are standard equipment and 
are mounted on the boring spindle by means of tapers or threads. 
(See Fig. 13.) 


Fic. 13 ComBinaTION WoopWORKING MACHINE 


RECOMMENDATIONS FOR FUTURE SPINDLE DEVELOPMENT 


The ideal method of attaching a chuck to the spindle is either 
by means of a standard taper arbor or by fitting it direct—the 
latter by machining a standard chuck taper or thread on to 
the spindle itself. On present «quipment the use of straight- 
shank arbors is recommended, but on future construction the 
straight-bored hole should be eliminated if possible, as when a 
straight-shank arbor is used with a setscrew the tendency to in- 
accuracy previously referred to exists. On a close-fitting hole 
and arbor the eccentricity produced may not be more than 0.0015 
in., but under ordinary conditions it may very easily greatly exceed 
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this. Such eccentricity at high speeds will cause undue wear on 
the spindle bearings. Wear on a straight-bored spindle cannot 
be taken up by the arbor as in the case of a taper. The setscrew 
is also eliminated by the use of taper arbors. For the foregoing 
reasons the use of a taper arbor or the direct mounting on the 
spindle is to be recommended wherever possible. 


In conclusion, it can be definitely stated that for holding bits or 
drills, a universal chuck, within its capacity, will assure higher 
accuracy and greater rapidity in changing tools than can be 
secured by any other means. Standardization in the wood- 
working industry can certainly be approached by the use of 
straight-shank bits and drills held in standard universal chucks. 
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Lubrication of 
Ball-Bearing Woodworking Spindles 


By HARRY R. REYNOLDS,'!' NEW BRITAIN, CONN. 


The purpose of this paper is to bring out methods of lubrication 
especially suitable for speeds of 4000 to 7500 r.p.m. which is about 
the range of woodworking spindles. 

The author sums up by stating that where oil is used its level 
should not be over the center of the lowest ball if speeds are higher 
than 500 r.p.m. At 5000 to 5700 r.p.m. a very light spindle oil 
should be used, and it should be fed either by wick or circulation 
from pump as any depth of oil around the balls will cause tremen- 
dous churning. Too much oil should not be used as it will cause 
heating, and the higher the speed the greater the heat. 

If grease of the proper consistency is used, the housing can be 
filled. At high speed there will be a path cut through the grease 
by the balls, and if temperature develops, just enough melting will 
occur to furnish the lubrication required. Greases soft enough to 
churn should be avoided for high-speed applications as the heat 
generated will melt them so fast that conditions will duplicate those 
of too much oil. Failure is generally due to dirt, so the bearings 
must be kept clean. Especial care should be taken in renewing 
the lubricant, as this is when most of the dirt gets in. 


HE purpose of this paper is to 

bring out methods of lubrica- 

tion especially suitable for 
speeds of 4000 to 7500 r.p.m., which 
is about the range of present-day 
woodworking spindles. 

Either grease or oil can be used 
with favorable results if a few simple 
conditions are met, and among the 
manufacturers of ball-bearing- 
equipped woodworking machinery 
both methods are in successful use 
—and here the author would advise $d 
that if machinery comes equipped 
for oil lubrication not to try out 
various oils, but to use the one recom- 


The oil or grease must be neutral, as any acidity would etch and 
ruin both balls and raceways. This immediately eliminates the 
animal and vegetable oils and greases as they develop acidity 
with age. Neither should solids such as graphite, talc, and pum- 
ice be used as they fill up the raceways and are one cause of 
rupture of both rings and races. 

Either oil or grease may be used, but the conditions of use 
restrict us in our selection. This must be made after a careful 
study of the type of closure, accessibility, size of bearing, speed of 
rotation, and conditions surrounding the application. 

Where the user will give thought to his bearings and follow 
instructions, either system is successful. Unfortunately, pres- 
ent operators of woodworking machinery do not do this in 
the majority of cases, and so a fool-proof job becomes a 
necessity. 


Hovustne DeEsIGN For OILING 


Different types of oil systems are shown in Figs. 1 to 5. Fig. 1 
shows a patented device which is an ideal arrangement for oil. 


wpe 


mended by the manufacturer of the 
machinery, who has spent time and 
money in experimenting. The same 
is true of grease. Not all grades of 
oil are satisfactory, neither are all 
the greases which might be handy. 
In fact the selection of the right 
grease is more difficult than the selec- 
tion of the right oil. 


Tue Luspricants 


The functions of a lubricant are: 

1 To protect the surfaces of the balls and races from rust or 
corrosion 

2 To aid in keeping out dirt and water, and 

3 To reduce friction between balls and separators. 


This is a simple list, but one which requires carefully selected 
lubricants. 


‘Chief Engineer, The Fafnir Bearing Company. 

Contributed by the Woodworking Industries Division and pre- 
sented at the Annual Meeting, New York, December 3 to 7, 1928, 
of Tue AmeRICAN Society OF MECHANICAL ENGINEERS. 
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Fie. 1 Hovstnc Wick Freep anp AMPLE RESERVOIR FOR OIL 


There is an ample reservoir with a wick feed. This insures, 
when the right oil is used, a constant feed of clean oil. Fig. 2 
is also a circulating system in which the oil level is established by 
the use of an oiler so placed that it will overflow outside before the 
inside oil level is too high. The oil is raised to the bearing in this 
system only when the shaft is turning, as it depends on the pro- 
jecting nib of the steel washer to lift the oil. Here also no filtering 
takes place, but due to the depth of reservoir and the fact that 
only the top oil is used, service with this arrangement is quite 
satisfactory. Figs. 3 and 4 show a wick-feed arrangement which 
has the objection that the oil requires daily renewal as it passes 
through the bearing into the lower well, and must be drained out 
as the well fills up. 
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Fic. Verticat Bearine 


Wick Freep 


Fie. 5 In CHURN- 
ING OF O1L Is PREVENTED BY A SHIELD 


Fig. 5 shows a simple shield which is used 
successfully and which prevents the churn- 
ing of oil in a horizontal application where 
circulation of oil by pump or wick is not quite 
so convenient as in the vertical application. 
Here the only oil which is subjected to churn- 
ing from the ball movement is that between 
the balls and the steel disks at each side. The 
closer these steel disks are to the bearing, 
the less oil there is to churn. It is generally 
necessary, however, to mount them in the 
housing or clamp them between the inner 
ring of the bearing and the shoulders on 
the shaft, as very few bearings have space 
enough to allow their application directly 
in the bearing as shown. 


TRANSACTIONS OF THE 


Fic. 2 
Is ESTABLISHED BY THE 


Fie. 6 


Hovusine Design ror GREASE 


Figs. 6, 7, and 8 show well-worked-out designs for grease ap- 
In each case it should be noted that the grease is fed 


plication. 


Hovustne 1n Wuaicuw 


OILER 


VERTICAL BEARING WITH 
GREASE LUBRICATION 
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Fic.4 VERTICAL BEAR- 
InG Wita Wick Freep 


HorizontTAt BEARING W1TH GREASE 
LUBRICATION 


Fic. 7 


direct to the bearing and that the well for 
surplus grease is larger. Here a simpler 
design is possible, the grease being fed into 
the housing as required and the surplus re- 
moved when necessary. 

Fig. 6 shows a vertical application. The 
slinger under the upper bearing is all the seal 
that is necessary to prevent the grease work- 
ing down into the motor. The same type 
of slinger over the lower bearing keeps the 
dirt collected in the motor from working 
through into the bearing housing. 

Figs. 7 and 8 are horizontal applications. 
The grease is kept in the housing by means 
of small grooves, and because of the fact that 


the grease works into the grooves, the seal is superior to felts 
which at the speeds of woodworking spindles tend to car- 


bonize. 


The company with which the author is connected, in 
making recommendations for woodworking spindles, advises 
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Fie. 8 ANOTHER HorizontTaL BEARING WitTa GREASE LUBRICATION 
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the use of an outside slinger seal, as shown at the upper 
part of Fig. 6. This is desirable both with oil and grease. 


ADVANTAGES AND DISADVANTAGES OF OIL 


Any system of oil lubrication where the oil is either circulated 
or frequently renewed tends to keep the bearings constantly 
flushed out, and a ball bearing kept free from dirt is a long-lived 
bearing. The disadvantages of oil are due mostly to the fact 
that it is difficult to keep it in the housing. Any housing design 
which has an oil level high enough to allow the balls to rotate in 
the oil permits churning to take place. This causes heat, which 
thins the oil still further. The resultant vapors follow the air 
currents and work out of the housing, this constant leakage re- 
quiring that the oil be frequently renewed. To prevent this 
leakage and to feed oil to the bearings without their being sub- 
merged in it, requires a complication of parts which are costly. 
A further disadvantage of oil is that, except when running, the 
bearings dry off and are then exposed to rust. 


ADVANTAGES AND DISADVANTAGES OF GREASE 
Grease, if properly selected for the service 

1 Does not work out of the housing 

2 Simplifies housing design 

3 Helps to seal the housing 

4 Requires less frequent renewals 

5 Is cleaner 

6 With modern equipment is as easy to apply as oil 
7 Will work in any position. 

All grease, however, is not suitable. A grease is not necessarily 
good because it has a nice color, feels slippery, and has a pleasant 
odor. There are many greases which after standing tend to 
harden. When others are exposed to heat sufficient to melt 
them the oil works out and leaves the filler, which generally dries 
down like so much shellac. It is even more important that the 
proper grease be used than the proper oil. Fortunately, there 
are many satisfactory greases which can be used for lubrication. 

The greatest disadvantage of grease is that dirt and grit mix 
with it, which converts the grease into a lapping agent. It does 
not flush out the bearing as will oil. Therefore, if dirt gets into 
grease, more rapid wear will surely follow. 

If balls and raceways break down, it is due to either overload 
or cramp. If cramp, the ball track on the raceways will not run 
true but will stagger from side to side. If the bearing is badly 
loosened and wabbly, this is because dirt has got in and lapped 
down the balls and races. 


SUMMARY 


Where oil is used its level should not be over the center of the 
lowest ball if speeds are higher than 500 r.p.m. At 5000 to 5700 
r.p.m. a very light spindle oil should be used and it should be fed 
either by wick or circulation from pump, as any depth of oil 
around the balls will cause tremendous churning. Too much 
should not be used as it will cause heating; and the higher the 
speed, the greater the heat. 

With grease, if the proper consistency is used the housing can 
be filled. At high speed there will be a path cut through the grease 
by the balls, and if the temperature rises, just enough melting 
will occur to furnish the lubrication required. 

Greases soft enough to churn should be avoided for high-speed 
applications as the heat generated will melt them so fast that 
they will be as objectionable as too much oil. 

Failure is generally due to dirt, so bearings should be kept 
clean. Special care should be exercised when renewing the lubri- 
cant as it is at this time when most of the dirt gets in. 

In closing the author would recommend users of machinery to 
follow the method worked out for them by the company building 
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the machinery, and for builders of machinery to take advantage 
of the assistance which the bearing manufacturers are glad to ren- 
der in the proper selection of lubricant and the proper design of 
housing. 


Discussion 


Cuarwes 8. Beacu.?. A few points have come to the writer's 
attention about the operation of ball bearings in connection 
with high-speed machinery, especially shapers for woodworking. 

These machines were originally fitted up to carry three knives 
in the head, but due to requirements of increased production 
it was found they could get more work by putting two knives 
in the head and increasing the speed. Probably the machines 
ran well at the speed for which they were originally intended 
but they have now increased the speed from 6000 to 11,000 r.p.m. 


J. H. 
woodworking machinery. 


Some have questioned the accuracy of 
The company that I am with manu- 
factures both woodworking and metal-working machinery, and 
is therefore in position to draw definite comparison between the 
two types of machines. We have found it necessary 
our best mechanics in fitting the ball bearings to the spindles 
of our woodworking machinery. 

As to the actual accuracy required in woodwork produced on 
some of these machines, let us consider a panel such as is used 
for a top of a table, dresser, or desk. This is built up of a wood 
core, cross-banding, and fancy-figured surface veneer which is 
'/yz in. in thickness. In planing the core stock, if the surface 
varies more than 0.0003 in. from the top to the bottom of the 
knife marks made on the work when being surfaced, there will 
be ridges showing on the surface veneer after it is glued in place. 
These waves or ridges are extremely hard to sand or polish out. 

The cutter heads used on standard surfacers vary from 5 to 
6 in. in diameter and are fitted in most cases with four knives. 
It is necessary that the work be fed at such a rate that there 
will be from 20 to 24 knife marks per inch of work. This is 
equal to one revolution of the head to each '/¢ in. feed of work. 
The depth of the circular wave produced by the knives on the 
work shows it to be 0.00011 in. If the head runs out of balance 
so that only one knife cuts, the marks produced will be rotation 
marks '/, in. apart, making the hollows 0.00168 in. in depth. 

The accuracy must not be only in the balance of the head, 
but in the mounting and construction of the ball bearings them- 
selves. 

In standard woodworking machinery the loads are not heavy; 
as an example, a 10 in. diameter saw blade, running at 3600 
r.p.m., has a peripheral speed of 9400 ft., and with a 10-hp. 
motor direct-connected and overloading 100 per cent, the load 
at the peripheral of the saw would be only 70 lb. This condi- 
tion is true in practically all woodworking machinery using ro- 
tary cutters. 

The other advantages in ball bearings is that a metal-to-metal 
contact is maintained which eliminates any play in the bear- 
ings, which in the case of the friction type must be from 0.0025 
to 0.003 in. to maintain the necessary oil film. In the friction 
bearing with slight unbalance off in the head, the clearance for 
the oil film will undoubtedly permit the head to run slightly off 
center, whereas with the metal-to-metal contact furnished in a 
ball bearing this condition is impossible. 

The men in charge of large body plants give as the principal 
reason for their preference of ball bearings that they stand up 
longer than friction bearings, and when they do fail, they are 
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more easily replaced than the frictional type, which in most wood- 
working machinery is of cast babbitt metal. 

A number of the large users of woodworking machinery have 
tried to change some of the oil-lubricated machinery to use grease 
as they find it easier to handle. One concern spent a large sum 
of money to put leads from each of the bearings down to a mani- 
fold on the side of the machine, terminating in a “dot” fitting 
for each lead. The fittings were painted different colors to in- 
dicate the periods when the bearings should be lubricated. This 
was carried out on all of the machines in the plant, and a man 
was selected to lubricate all the machines, with very sat isfactory 


results. 
The question of durability has been brought up. A letter 


written by a man who has 75 machines, all ball-bearing and 
grease-lubricated, says in part: ‘Many of these machines have 
been running day and night much of the time, and we have 
found them to stand up remarkably well, with practically no 
maintenance cost, a fact which we attribute in large part to 
grease lubrication.” 

A number of these machines are shapers, carrying heads 12 
in. in height and running 7200 r.p.m. The men who operate 
these machines are picked up on the street and may never have 
operated a machine before. The service is very hard. This 
group of machines has been in service for about nine months. 

Another company writes: “Machines have been running 
24 hours a day. We have not replaced a bearing.” 
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Reducing Waste by Improvement of Design 


and Use of Woodworking Saws and Knives 
Progress Report of the A.S.M.E. Special Research Committee on Saws and Knives! 


Knives has found it difficult to obtain a comprehensive 
grasp of the problem presented to it, so great is its 
magnitude, and so far-reaching are the possible beneficial results. 
This first report of the Committee must therefore be in the 
nature of an outline of the problem, together with some of the 
fundamentals to be observed in the further development of the sub- 
ject, as well as some details that it has been possible to work out. 
It is more than probable that many valuable sources of infor- 
mation have not been discovered as yet by the Committee, and 
it is hoped that any such data developed either by the makers 
of the tools or by manufacturers who are utilizing the tools will 
be placed at the disposal of the Committee at an early date. 
The correct solution of the problem is so fundamental to the 
economics of woodworking that all sources of information should 
be uncovered and thoroughly explored. 

The investigations of all members of the Committee have 
brought out forcefully the undeniable fact that the saw user 
has frequently demanded saws built to a tradition or for an 
unreasonably wide diversity of purposes, or to “get by”’ effectively 
with an antiquated piece of equipment. Hence the lack of gen- 
erally approved standards must be charged fully as much against 
the user as against the makers of saws. Undoubtedly the saw 
manufacturers have reserves of knowledge of scientific saw- 
designing principles that they would like to use, provided their 
customers were acquainted with the effective use of scientifically 
designed and operated saws. 


(k= A.S.M.E. Special Research Committee on Saws and 


REASONS FOR STANDARDIZATION 


There are many reasons why standardization is essential in the 
various arts that comprise mechanical engineering, but for the pur- 
pose of this report, special emphasis will be placed on three factors. 

1 Economic utilization of lumber, or the reduction of wastage 
in sawdust and shavings to a minimum point consistent with the 


1 The personnel of the A.S.M.E. Special Research Committee on 
Saws and Knives is as follows: 

Carle M. Bigelow, Chairman, President, Bigelow, Kent, Willard 
and Co., Inc., 1020 Park Square Building, Boston, Mass. 
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Saw Works, Indianapolis, Ind. 
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Chattanooga, Tenn. 

Frank P. Cartwright, Chief Engineer, National Lumber Manufac- 
turers Association, Transportation Building, Washington, D. C. 

8. Horace Disston, Vice-President, Henry Disston and Sons, Inc., 
Tacony, Philadelphia, Pa. 

Ira W. Dye, Assistant Superintendent, Automotive Department, 
— of California, 1209 Westlake Street, North, Seattle, 

ash. 

M. B. Gathman, Chief Engineer, Fisher Body Corp., General 
Motors Building, Detroit, Mich. 

L. B. Hanchett, Secretary, Machinery Company of America, Big 
Rapids, Mich. 

Sern Madsen, Mechanical Engineer, Curtis Companies, Inc., 
Clinton, Ia. 

D. J. McLaughlin, Superintendent, Wood Division, Yawman and 
Erbe Manufacturing Co., Rochester, N. Y. 

Presented at the New England Industries Meeting, Boston, 
Mass., October 1 to 3, 1928; the Third National Wood Industries 
Meeting, Grand Rapids, Mich., November, 1928; and the Annual 
Meeting, New York, N. Y., December 3 to 7, 1928, of Taz AMERICAN 
Society oF MEecuanicat ENGINEERS. 


cutting apart of the pieces of lumber and the machining to the 
desired shapes and sizes. 

2 Conservation of power, or the red::ction of the power fac- 
tor in the operation of saws and knives to a minimum require- 
ment. This involves speed of operation, quality of material 
from which saws and knives are made, as well as shape and po- 
sition of the cutting edge of the saw or knife in service. 

3 The selection and classification of the most effective types, 
sizes, and shapes of tools to produce the foregoing results. Such 
selection and classification, when adopted as standard, should 
reduce the varieties to be manufactured, to be carried in stock, 
to be used, and to be maintained by those engaged in the wood- 
working arts and crafts. 


MAGNITUDE OF THE PROBLEM 


According to the statistics of the Bureau of Census of the 
United States Department of Commerce of the latest available 
date (1925), the magnitude of the major manufacturing indus- 
ries is as follows: 


Value of products 


5,333,480,000 
4,727,818,000 
3,769,985,000 
3,633,034,000 
2,634,031,000 
1,880,085,000 
7,030,623,000 


$60,555,998,000 


Transportation. ..... 
Machinery.......... 
Paper and printing....... 
Non-ferrous motels. ..... 


From the same source, we find that the amount of lumber 
sawed for commercial purposes in the principal species is as 
follows: 


Thousands of feet 
13,235,936 


Soft woods 


Western yellow pine........... 3,127,208 
1,521,128 
336,887 
306,992 
306,991 
Other (less than 100,000)....... 44,665 31,710,478 
Hard woods 
1,100,648 
308,091 
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179,032 standardization of saws and knives in re-manufacturing, will 
Other (less than 100,000)....... 288'563 6,628,163 eventually reduce the standard thicknesses of sawed merchant 
Total 38.338 641 able lumber by a substantial amount. The smoother sawing 
of the green wood will also reduce the required amount of subse- 
The varieties of sawing are as follows: quent surfacing. Considering the aggregate of these thickness 
_ Thousands of feet savings (part in primary conversion and part in re-manufacturing) 
Circular saws Band saws an as '/» in., it will total approximately 3 per cent of the cubic 
Hard woods...... 2,223,036 4,405,127 6,628,1 

Total.......... 13,447,653 24,890,988 38,338,641 » 


The band saw is the most economical producer, but unfortu- 
nately nearly one third of all lumber sawed is still produced 
by the circular saw with its excessive waste. 


Primary SAVING 


Customary sawmill practice results in an average saw kerf, 
from circular saws, of approximately '/, in., and from band 
saws, of an average of */i, in. If by efficient standardization 
this saw kerf could be lessened '/j¢ in., and if it is assumed that 
the average of all lumber sawed is */, in. thick, the resulting 
saving would be practically 4 per cent of the total lumber sawed 
or one and one-half billion feet of lumber. Using an aggregate 
average value of twenty dollars per thousand feet of lumber 
(board measure) the saving would amount to thirty million 
dollars annually. 

The above saving is in what might be termed the primary 
production field, or the conversion of logs into lumber (timber 
or boards), and is a definite saving in this initial operation, but 
still subject to subsequent savings in the re-manufacturing of 
lumber into such products as house trim, sash and doors, furni- 
ture, caskets, musical instruments, and a wide variety of other 
wood products. 


SECONDARY SAVING 


When we consider this secondary production field of re-manu- 
facturing, we find another series of wastages due to the dimen- 
sioning of the board into the finished product, as well as the 
smoothing and truing of surfaces and edges to proper final 
sizes and such surface quality that can be painted, stained, 
lacquered, or varnished as may be required. 

It is undoubtedly a reasonable assumption that every square 
foot of lumber re-manufactured will have three saw cuts with 
resulting sawdust; if '/i. in. can be saved in each of these saw 
kerfs it would result in a saving of 2'/, sq. in. per board foot 
or 1'/; per cent. 

The saving of lumber in re-manufacturing is not measured 
by reducing saw kerf alone. In re-ripping lumber often we 
get an extra usable rip which would be almost entirely wasted 
if cut '/i¢ in. scant. For example: A band saw makes a cut 
1/16 in. wide and a circular saw one '/,; in. wide. We are ripping 
wide stock to 2*/,; in. A band saw makes two pieces from a 
4'3/,.-in. board; a circular saw makes one piece and an edging. 
The band saw will make three pieces from a 7!/;-in. board; 
the circular saw two and an edging; and so on, more markedly 
the saving for wider boards. Suppose there are on an average 
four such rips per board. Then there will be 25 per cent more 
rips from about 10 per cent of the lumber where the width runs 
close to a multiple of the rips desired. This is another net sav- 
ing of about 2 per cent in addition to the kerf. The point is 
that the kerf saved does not equal the total saving. In order 
to be conservative it is reasonable to assume that this saving 
in ripping would apply to only half of the re-manufactured lum- 
ber, or 1 per cent on all of the re-manufactured lumber. 

It is an equally reasonable assumption that the proper standard- 
ization of saws and sawmill equipment, the development of dry- 
kiln process for efficient drying of green lumber, as well as the 


saving cannot be applied to the entire lumber production since 
a considerable amount is used rough for structural purposes 
and not re-manufactured. It is a conservative estimate to say 
that one-half of the lumber is re-manufactured and that its value 
per thousand feet is considerably greater than the average pre- 
viously used. A conservative estimate would indicate that 
twenty billion feet of lumber valued at thirty dollars per thousand 
is re-manufactured. A saving of 5'/: per cent would result 
in the conservation of approximately thirty-three million dollars 
annually. 
Power Savina 


The savings in power-consumption reductions are not easy 
to estimate, but the narrower saw cuts and the shallower surface 
cuts obviously reduce the power demand substantially. It is 
considered conservative to estimate this saving annually, as 
follows: 
40,000,000,000 ft. primary sawing at 10 cents per M.... $4,000,000 
20,000,000,000 ft. re-manufacture sawing at lO cents per M_ 2,000,000 


20,000,000,000 ft. re-manufacture planing at 10 cents 


$38,000,000 


Several members of the Committee are in doubt as to 
whether such a power saving will be shown to exist, and one 
expresses himself as follows: 


There is a question in my mind whether the narrower saw cut 
saves very much power and I am very sure that the shallower sur- 
face cut will not reduce the load substantially, because it is my im- 
pression that the power consumed is due more to the impact of the 
knife against the wood than it is to the actual cutting, also that it re- 
quires practically the same power to make a cut with a thin shaving 
as it would with a thick, to the point where the shaving becomes so 
thin that it fails to cover the knife and becomes sawdust, at which 
point the power consumed would be increased rather than diminished. 
It does not seem right to me to show any estimated saving on power- 
consumption reduction until we have something definite on which to 
base our statement. 


Tora. SavinG 
In view of this difference of opinion between the members of 


the Committee, we are using only half of this saving in our final 
tabulation of potential savings below: 


Waste recovered, sawing logs into lumber... . $30,000,000 
Waste recovered, re-manufacturing............. 33,000,000 
Power conservation (one-half)................. 4,000,000 

$67,000,000 


It is felt by the members of the Committee that this total 
of sixty-seven million dollars of available annual saving is much 
less than can be actually accomplished, but it seems wise to state 
these figures as conservatively as possible. 

It is obvious, therefore, that this research project is one of 
vast potentialities for the conservation of our timber supply 
and its more economic utilization by industry. 

One committee member states relative to the waste of lumber 
and labor as follows: 

It has always been a very serious problem as to whether it pays 
better to waste the timber or to waste the labor. Our labor costs 
are very high and these high labor costs have led to the waste of 


raw material not only in the lumber industry, but in all industries. 
Your special research along those lines might be very helpful in 
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changing from a waste of raw material to the waste of labor and 
finally to betterments of conditions so that neither would be wasted. 

Far beyond the width of kerf as a controlling factor in the wastage 
of raw material in the lumber industry must be considered the care 
and management of the cutting tools, as well as the up-keep and the 
fundamental nature of the appliances that are used in the lumbering 
and re-manufacturing operations. 


Tueory oF Cutting Woop WITH Saws AND KNIVES 


In cutting wood of any species and in any direction by any 
sort of cutter, whether saw or knife, we may simplify our concep- 
tion of the process by remembering that wood is made up of a 
bundle or block of parallel fibers. Cutting lengthwise of these 
fibers simply means peeling a layer of fibers off from those below. 
The splitting axe or old-fashioned carpenters’ plane illustrates 
end cutting most perfectly. Cutting across the fibers means 
that each and every fiber must be severed. A jack knife or chisel 
driven forcibly across grain illustrates the simplest form of cross 
cutting. Both of these represent “line” cutting without waste. 

In using saws we divide the bundle of fibers, lengthwise or 
crosswise, by cutting out a distinct swath called a kerf. In 
cutting a kerf there are three separate cuts to be made. 

In a cross-cut kerf the fiber is first cut across at both sides 
of the swath, and the resultant short fiber length is then peeled 
off and removed by a lengthwise cutting or tearing apart of the 
fiber at the bottom of the kerf. 

In ripping a kerf lengthwise of the lumber the important thing 
is first to cross-cut the fiber in the swath to be removed and then 
peel it loose along the sides of the kerf. 

Let it be remembered that always the first function of a saw 
is to cross-cut the fiber, and the second is to split the severed 
fiber from the rest and remove it. With this in mind the shape 
of saw teeth for any case is self-evident. 

Cross-cutting requires a “knife-point’’ cut at each side of the 
kerf, and this is accomplished by teeth alternately high at the 
sides and also pointed and beveled on the “front.” ‘Raker’ 
teeth may be used to peel or split the severed fiber and remove it. 

Ripping requires chisel-pointed teeth set or swaged the width 
of the kerf, and with enough “hook” to sever the fiber with an 
adzing cut. The fiber is simultaneously split loose at both 
sides and removed. 

One need of “set’’ or hollow grinding is to reduce friction. 
The condition of the lumber as to surface tension or case harden- 
ing often causes boards to pinch or close the kerf as a cut is being 
made. This is a second and principal reason for wide clearance 
and a wide kerf. Properly dried lumber might reduce the set 
and reduce the width of kerf that is wasted. 

In the use of revolving cutter heads having knives or bits the 
cut is generally lengthwise but is not exactly like a splitting cut 
lengthwise of the grain. Only at the “finish” line is the cut 
with the grain (and this only on straight-grained wood). During 
the rest of the cut the knives are chiseling or adzing their way 
out of the stock and cross-cutting the grain. 

In the case of revolving cutter heads on jointers and planers 
it is hard to get a smooth cut with an edge produced by filing. 
Usually a whetstone finish is needed. It seems unreasonable 
that we should expect smooth cutting from a saw tooth roughly 
finished with a file. 


GENERAL CLASSIFICATION OF SAWS 


There are two principal divisions into which saws should be 
grouped. 

1 Saws for the primary conversion of logs into lumber and 
timber. Such saws are used on live or green logs, and hence 
there is no danger of overheating and damaging saw temper. 
In fact, the sap and liquids from the tree usually escape from the 
saw cut like a stream of water from a faucet. Such saws should 
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be designed to cut smooth and to closer dimension than at present, 
since subsequent shrinkage and handling demand a second ma- 
chining to final size and shape, and substantial economy is possi- 
ble here. The cutting of tough green wood obviously requires 
a different cutting edge or tooth than does the cutting of dry 
wood that is stiffer and stronger, but withal more brittle. 

2 Saws for the secondary conversion of the board, after 
natural or mechanical seasoning, into the intermediate or final 
product. This is frequently termed re-manufacturing and is 
almost the opposite of the above. Saws may overheat and lose 
their temper in dry wood, as well as scorch or discolor the wood. 
Accurate smooth cuts must be made to produce final dimensions 
with a maximum of smoothness and a minimum of waste. The 
tooth shape and character must be designed to cut rapidly, 


FIG. 3a 


FIG. 4 
Fig. 1 or Teets, Rip Saw 


Fig. 2 or Teetu, Circutar Cut-Orr Saw 


Fic. Treta EmpLoyine Ripping 
Suort FoLiowep sy Cross-Cutrine TEETH 


Fic. 3a Cross-Secron ComBINATION CrrcULAR Saw, 
Hotitow GrounD 


Fic. 4 Hvutuer Patent-Toota Grooving Saw 


without heating, and accurately with a minimum power require- 
ment. 

No attempt is made in this report to include any but power- 
driven saws of various types. Hand saws of all types and sizes 
are necessarily excluded. 


Speciric CLASSIFICATION OF Saws 


Saws for primary production (converting green logs into tim- 
ber and lumber): 
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Circular saws 
Solid disks 
Parallel-to-grain cut (Fig. 1) 
Perpendicular-to-grain cut (Fig. 2) 
Inserted teeth 
Shingle saws, thin edges with thick centers 
Band saws, continuous or endless (Fig. 6) 
Parallel-to-grain for cutting logs into lumber and timber 
Perpendicular-to-grain, drag saws for log lengths 
Band saws, reciprocating, mostly gang resaws 
Special-purpose saws 
Cylindrical, for cooperage stock (Fig. 7) 
Concave 
Saws for secondary production (converting dry boards into 
diversified wood products): 
Circular saws 
Ripping (Fig. 1) 
Cross cutting (Fig. 2) 
Combination (Fig. 3 and 3a) 
Special purpose (Fig. 4) 
Band saws, continuous or endless 
Ripping or resawing, wide (Fig. 6) 


Saws For Re-MANUFACTURING 


By far the larger proportion of factory saws are of the circular 
type, partly because of compactness and sturdiness of the saw 
itself, partly because the required machinery is simply and easily 
adjusted, and probably chiefly because the equipment costs 
less initially than does a band saw, as well as being less expensive 
to maintain and operate. 

Circular saws fall into three general groups, distinguished 
chiefly by the purpose for which they are used. 

1 Ripping saws to cut parallel, or nearly parallel, to the 
grain of the wood. The separating of the wood fibers is less of 
a task than cutting across the grain of the wood, hence the rip- 
ping tooth can be long and deep throated with a chisel face, 
but without an acute-angled cutting edge, as shown in Fig. 1. 

2 Cross-cutting saws to cut across the grain of the wood. 
This obviously requires a sturdier tooth with less throat and 
a more carefully adjusted knife cutting edge with an appreciable 
acute angle at the front edge of the tooth. A typical cross- 
cutting tooth is shown in Fig. 2. 

3 Combination saws are correctly named, having the char- 
acteristic teeth of both of the above types, with a preponderance 
of cross-cutting teeth because of the severity of the work. A 


OISSTON 


S'IMONOS 


Fic. 5 Comparison or Types or Saw TEETH 


Curved and special shapes, narrow (Fig. 6a) 
Band saws, reciprocating 

Jig and scroll saws 
Special-purpose saws 

Dadoing (Fig. 4) 

Tennoning and mortising 


Saws ror Primary Conversion or Locs Into TIMBER AND 
LuMBER 


The members of the Committee have their principal connec- 
tions with the re-manufacture of woodwork and hence it is 
thought wiser to defer the investigation on saws for primary 
conversion of logs into timber and lumber until a special sub- 
committee can be appointed to undertake the study of saws 
for cutting green or live logs. The requirements of saws for this 
sawmill branch of the industry are radically different from those 
of re-manufacturing, in size of saws, character of product, power 
demands, and quality of workmanship involved. 

One important item has more to do with the waste of lumber 
in our sawmills than the width of kerf, and that is the operation 
of the off-sets on the sawmill carriage and the rigid nature of 
the set works. There is hardly a mill where there is not sufficient 
lost motion in the set works so that when heavy logs and timbers 
are thrown back against the knee of the carriage there is sufficient 
rigidity to prevent some spring one way or the other. For that 
reason there are hundreds of mills that cut °/,in. stock which 
has to be dressed down to ‘/,-in. stock, when absolutely accurately 
operating mechanical appliances on the carriage would enable 
the sawyer to cut 1'/, in. to finish 1 in. In almost every mill 
will be found a variation of '/ in. which has to be made a per- 
manent variation in order not to cut considerable undersize or 
thin stock. 


group of teeth from a combination saw is shown in Fig. 3. Such 
combination saws are frequently hollow-ground, i.e., thinner 
at the center than the periphery as shown in Fig. 3a. 

In order to show the variations of standards among saw makers 
the principal standard shapes of three nationally known manu- 
facturers of circular saws are arranged in parallel groupings 
in Fig. 5. The numbers or designations are of the principal 
types of their respective makers, but the arrangement has been 
made by the chairman. It must be obvious from the above 
comparison that there is an opportunity as well as a necessity 
for fundamental dimensional standardization and standard 
nomenclature to permit rational economies of manufacturing 
and merchandising, as well as to supply the ultimate consumer 
with saws of highest cutting efficiencies. 

One of the prominent saw manufacturers offers the following 
explanation on the apparent diversity of saw shapes: 

The diversity referred to is not nearly so great as might first be 
imagined in referring to Fig. 5. Consideration must be given to the 
spacing or distance, measuring from point to point of tooth. Teeth 
will vary according to the diameter or the size of the saw, at the same 
time the shape or angle of the tooth in all size saws will be identical, or 
nearly so. As an instance of what we are endeavoring to bring out 
in this remark, we refer to Fig. 5 which shows Disston No. 2 style of 
tooth, Simonds No. 4, and Atkins No. 9. All of these teeth are what 
is known among the saw makers as the ‘‘V”’ pattern tooth. 

In the manufacturing of a small saw, say 5 or 6 in. in diameter, 
Disston would use No. 2 style of tooth which is identical with Atkins 
No. 9. 

In a saw 7 or 8 in. in diameter Disston probably would put the same 
style of tooth, and in a saw 10 to 12 in. in diameter he would un- 
doubtedly use the same style of tooth, corresponding to the Simonds 
No. 4 pattern. 

Now this is all the same pattern of tooth, the only difference being 
in the spacing of the teeth, which is controlled by the diameter of the 
saw. The same comparison will be found practically all the way 
through the list. 
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There is one other feature that should be brought out at this time, 
i.e., there are certain styles of teeth shown in this grouping which all 
saw manufacturers must put in their saws for the export trade. In 
the cutting of foreign hard woods there are required saws with a 
greater number of teeth and of different angles than we use here in the 
States. 

In addition to the combination saw referred to in the foregoing, 
leading saw manufacturers also make a combination saw for rough 
fast cutting. This style of tooth is illustrated by the Disston No. 6 
which is used for domestic sawing and Disston No. 8 which is used by 
the export trade. 

We might say in conclusion that it is necessary for the manufac- 
turers of machinery to standardize more on speeds of their machines, 
size or diameter of shafts on which saws are placed, and other neces- 
sary features. It is also necessary that the manufacturers of lumber 
must realize their responsibilities in conserving saws by keeping the 
saws within their limits as to strains, such as speed and feed. 


One of the fundamental difficulties encountered by saw de- 
signers and makers has been the almost universal demand of 
the saw user for a single saw with a wide range of utility, perhaps 
a compromise design of saw that would do many things passably 
well, or a “jack-at-all-trades’” saw, a saw that would cut soft 
wood and hard wood equally well; that could be used on any 
saw table in the factory, irrespective of its speed; that would 
cut through '/, in. or 3 in. of lumber smoothly without “burning”’ 
or “stalling;’’ that would hold its edge, if it actually had any, 
for many hours of hard service without sharpening; and that 
might in an emergency be used interchangeably for cross-cutting 
as well as ripping! 

As the late Frank B. Gilbreth would have said, there must be 
a “one best way” to solve each wood-sawing problem; a “one 
best peripheral speed’’ for cutting hard woods with the grain, 
another speed for soft woods, quite possibly two other speeds 
for cross-cutting hard woods and soft woods. There must be 
“one best tooth design’”’ for each of the above requirements. 
Undoubtedly research would reveal a “one best steel alloy and 
temper” for a wide range of saw uses. Unquestionably a proper 
minimum saw thickness and “set’’ can be determined to con- 


FIG. 6 


FIG. 68 


Fic. 6 Bano-Saw SHowine Hook 


Fic. 6a Narrow Banp-Saw TEETH 


Fic. 7 Saw ror Ticgut Barret Staves 


serve lumber and reduce the unjustifiable saw-kerf waste that 
now adds unnecessary cost to every woodwork product. 

Such determinations will take time and require the best brains 
of the industry, as well as the expenditure of substantial sums 
of money, but the objective is well worth while. 

A metal worker would scarcely think of using the identical 
cutting tool for cast iron, wrought iron, soft steel, hard alloy 
steels, as well as for the non-ferrous metals. He would certainly 
adjust his operating speeds to the character of metal to be cut, 
to the depth of the cut, and to the ultimate purpose of the prod- 
uct. The fact that wood cuts easier and faster than metal 
should not be a reason for ignoring the well-known and funda- 
mental principles of cutting. 


It is the opinion of the Committee that an extensive program 
of applied shop research should be developed along the above 
lines, with the full cooperation of saw makers, equipment manu- 
facturers, and woodworkers. Such a program can be commenced 
by testing existing types of saws and equipment and gradually 
branching out into the newer fields of higher speeds, thinner 
saws, and smoother cutting requirements. 

In the meantime the best existing knowledge should be gath- 
ered and coordinated so as to make it available for such tests. 

Woodworkers will find it greatly to their advantage to study 
the exact cutting requirements of their various operations and 


FIG. 12 
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thus to determine better operating conditions, reducing power 
requirements and eliminating substantial amounts of avoidable 
waste. 

Continuous band saws may be grouped as two general types, 
largely distinguished by width of saw bands, as follows: 

1 Ripping saws used either for the usual operation of sawing 
lumber into widths or for the re-sawing of lumber into halves 
or thirds of the original thickness. Such rip saws usually re- 
quire about half the saw kerf of a circular saw and hence sub- 
stantially conserve lumber. Unfortunately their initial cost 
and maintenance are more than that of circular saws. A typical 
band rip tooth is shown in Fig. 6. 

2 Narrow band saws used for curved and irregular shapes. 
The teeth must be suited to sawing either with or against the 
grain or even at an angle to the grain. Hence such a tooth 
must be considerable of a compromise, and is shown in Fig. 6a. 

The machinery to operate band saws is considerably higher 
in cost than that for circular saws and the requirements of ad- 
justment are equally greater. Ultimate-economy however is 
almost invariably on the side of the band saw for most ripping 
operations. 

The band saw is seldom used on cross cutting, since the resis- 
tance of the cross grain requires the greater rigidity of the cir- 
cular saw. 

Reciprocating band saws have been chiefly used in factories 
for cutting out interior parts that cannot be done with the con- 
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tinuous band saw. The conventional jig saw of the small boy 
is of this type. Saws are very narrow, speeds necessarily slow, 
and work seldom smoothly cut. The volume of this type of 
cutting makes it of minor consequence in the woodworking trades. 


GENERAL CLASSIFICATION OF KNIVES AND CUTTERS 


Fundamentally a knife or cutter on a planer, molder, or shaper 


Fig. 13 Typricat THIN KNIFE 


Fig. 14a Rounp CyLInpER AND Sarety Cap Two Tuan Hiau- 
KNIVES 


is merely a wide saw, but more specifically it is the function 
of a knife or cutter not to separate or cut apart two pieces of 
wood but rather to reduce the surface or edge of the part to the 
desired shapes and dimensions with freedom from marks or 
scratches and the resulting smoothness that can be finished as 


designed. 


FIG. 16 


FIG. 15 


Fie. 14 Four-Knire Square Heap Caps anp BOLTS TO 
Howup Tun STeet Bits 


Fig. 15 Cross-Section or Srx-Knire Sotip Rounp Heap, SHow- 
ING METHOD OF ATTACHMENT 


Fic. 16 Cross-Section oF Srx-Knire Rounp Heap SHOWING 
METHOD oF ATTACHMENT 


It is obvious that a roughly sawed surface or edge requires 
more subsequent machining than one smoothly sawed, hence 
the need for close correlation between the roughness of the saw 
cut and the depth of the planer cut. In many instances, such 
as the jointing of core lumber for plywood, a saw can be adjusted 
to cut smooth enough to eliminate the need of jointing. In fact 
a slight roughness of cut is considered to hold glue better than 
a cut with too smooth an edge. 

There are three basic designs of machines in woodworking 
factories on which such knives and cutters are used. 

1 Planers or jointers with a straight cutting edge to produce 
plane or level surfaces. Such knives or cutters cut continuously 
along a straight face and not on the side. The cuts are parallel 
or nearly parallel to the grain of the wood. 

2 Molders or stickers are in effect multiple planers and 
are usually designed to cut all four sides simultaneously with 
either straight or irregular surfaces; hence the cutting may be 
done with either face or side of the knife, but still substantially 
parallel to the wood grain. 

3 Shapers are machines which are particularly designed to 
produce irregular and curved shapes or edges in both vertical 
and horizontal planes, requiring a large variety of solid, sectional, 
and laminated cutters. Cutting is frequently at a slanting or 
abrupt angle to grain of the wood. 

In the case of saws, the manner or mode of attachment (on an 


arbor) is practically uniform for all circular saws, and likewise 
for all continuous band saws (on relatively large diameter wheels). 
In the case of knives and cutters for planers, molders, and shapers, 
the mode of attachment becomes a definite part of the classifi- 
cation, both the provision made in the knife for attachment 
and the corresponding design of the head on which the knives 
are attached. Rigid attachment is imperative because of high 
operating speeds, strong centrifugal forces, and deep cuts fre- 
quently required. 

There are two principal types of knives, distinguished, in the 
main, by thickness: 

1 Thick knives in which usually a tempered steel face and 
cutting edge is welded to a softer steel back that is used for 
clamping purposes. Sometimes, as in the case of narrow knives 
of the chisel type, the knives may be entirely of tool steel, tem- 
pered principally at the cutting edge. 

2 Thin knives requiring clamp bars and plates for attach- 
ment. These tool-steel knives are seldom recessed for attach- 
ment, and require stiffer bars to provide rigidity and firmness. 
A knife that “chatters” will never cut smoothly. 


Speciric CLASSIFICATION OF KNIVES AND CUTTERS 


Carrying out this twofold classification by machines and by 
thickness, we obtain an outline classification as follows: 


Planers and jointers for cutting straight surfaces, single and 
double, parallel to wood grain. 
Thick rigid knives, parallel to axis of head (Fig. 8) 
Square heads 
Two-knife (Fig. 9) 
Four-knife (Fig. 10) 
Face clamping 
Oval holes in knife with bolts adjustable in slotted head 
(Figs. 10 and 11) 
Slotted holes in knife, with tapped holes in head (Figs. 
8 and 9) 
Ribbed-surface knives for rigid clamping (Fig. 12) 
Round heads 
Clamped with countersunk bolt heads 
Internal bolt clamping devices 
Thin knives, semi-flexible, requiring support and clamp bars 
(Fig. 13) 


FIG.I7 
Fic. 9 Two-Knire Heap 


Fie. 17 Turee-Knire Heap 


Fie. 10 Four-Knire Heap 


Knives parallel to axis of head 
External clamp bars and bolts 
Square heads (Fig. 14) 
Round heads (Fig. 14a) 
Internal clamp bars and bolts (Fig. 15) 
Wedge and taper clamps (Fig. 16) 
Knives spiral to axis of head 
External clamp. bars and bolts 
Internal clamp bars and bolts 


Molders and stickers for cutting multiple straight and irregu- 
lar surfaces parallel to wood grain (Fig. 22) 
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Thick, rigid knives, straight (not spiral) 
Angular heads 
Two-knife (Fig. 9) 
Three-knife (Fig. 17) 
Four-knife (Fig. 10) 
Face clamping 
Tapped holes in head (Fig. 9) 
Bolt slots in head (Figs. 10 and 17) 
Ribbed-surface knives for rigid clamping (Fig. 12) 
Edge clamping 
External bolts (Figs. 18a and 18b) 
Vise or jaw clamps (Figs. 19 and 20) 
Slotted bolts with adjustable cutting angles (Fig. 21) 
Round heads 
Clamped with countersunk bolt heads 
Internal bolt clamping devices 
Wedge and taper clamps (Fig. 23) 


Thin knives, semi-flexible, requiring support and clamp bars 


Knives, parallel to axis of head 
External clamp plates and bolts (Fig. 14) 
Internal clamp plates and bolts (Fig. 15) 
Wedge and taper clamps (Fig. 16) 
Knives, spiral to axis of head 
External clamp plates and bolts 
Internal clamp plates and bolts 


Shapers for cutting irregular surfaces usually in two planes 
and frequently at abrupt angle to wood grain 
Knives clamped to head 
Face clamped to head 
Slotted hole, tapped hole in head (Fig. 9) 


Fic. 20 Heap SHowrnc ComBINEp SLoTTepD KNIFE AND SIDE- 


CLAMPED Bits HELp sy CLips 


Fig. 21 
Fic. 23 
FIG. 
Fie. 18) Metuop For Hotpine Bits 
Fie. 19 Four-Bit Vise-Grip Heap 
Slotted knife and bolt slot in head (Figs. 10 and 17) 
Edge clamped 
External bolts (Figs. 18a and 18b) 
Vise or jaw clamps (Figs. 19 and 20) V, 
Slotted bolts with adjustable cutting angles (Fig. 21) 
Clamped with pressure bars or plates (thin knives) i 
External clamped with counter-sunk bolt heads 
Internal clamped | 
Wedge and taper clamps 
Solid knives mounted on arbor BOLTED-ON 
Thin knives of slightly irregular shapes (Fig. 24) TYPE 


Thick knives of a wide range of shapes (Fig. 25) 


FIG. 23 
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PLANER AND JOINTER KNIVES AND CUTTERS 


Planers usually refer to surfacing machines while jointers 
are edging machines. Three principal services are accomplished 
by these two similar types of machines. 

1 Surfacing or edging a board to remove saw marks, as well 
as other blemishes and defects due to handling and seasoning. 

2 Taking the “wind” out of a board. “Wind” is a spiral 
warp or other deformation of seasoning and shrinking, and must 
be eliminated to secure a level and even surface. 

3 Reducing a board to the desired thickness by double sur- 
facing, first one side, then the other, but sometimes simulta- 
neously. In the case of jointers, making the edge at right angles 
to the surface. 

If a board is sawed green and seasoned, the smoothing of the 
surface frequently requires a heavy cut. If the board is re- 
sawed after seasoning, the re-saw should be so adjusted as to 
require a minimum of stock removal at the planer. 


FIG. 25 


FIG. 24 


Fies. 24 anp 25 Sonim Cutters, Heap anv Bits CoMBINED IN 
OnE Piece 


Square heads and thick knives (Figs. 10 and 20) represent 
the older types of machines, lacking, in general, the safety and 
balance of the newer and more skilifully designed round heads 
with thin knives. 

Spiral knives, like those of a lawn mower, distribute the cut- 
ting load ard operate with less vibration as well as less tearing 
of the wood. 

Planer and jointer knives are almost always ground and sharp- 
ened on the head and usually by an automatic grinder attach- 
ment while the head is in its operating location. Whetting is 
usually by hand. 

A number of special clamping devices are protected by patents 
and others established by usage of certain manufacturers, hence 
it has not seemed wise to go into elaborate detail on this point. 


Movper (STIcKER) KNIvEs AND CUTTERS 


In some instances molder (sticker) knives and cutters are 
operated as quadruple planers, dressing four sides of a rectangu- 
lar stick or timber. More cften each of the four sides may have 
a different shape, such as a matched flooring board, smooth and 
level on top, tongued and grooved on the two sides, respectively, 
and recessed on the under side to give better bearing surface 
on the floor joists or sub-floor. 

These knives have many varied shapes (Fig. 22), sometimes 
all worked into one solid knife, and frequently composed of 
several separate knives bolted adjacent to each other on the 
same side of the head. Saws are sometimes used in conjunc- 
tion with knives where deep cuts are required. 

Motor-driven heads provide great flexibility of cuts, and supple- 
mentary motor-driven heads will permit “‘under-cuts’’ where 
desired. 

The set-up or adjustment of a molder is a time-consuming 
operation, and hence the machine is especially suitable for large 
quantities of stock. 


SHAPER KNIVEs AND CUTTERS 


Shaper knives and cutters are easier to set up and adjust than 
molders, and are sometimes used for short runs of typical molder 
work. In general, however, a shaper is used for wood parts 
that are not of suitable shape to pass through a molder, such as 
the entire edge of a circular or squarish table top, a bent chair 
leg, the edge of a chair seat, the interior and exterior of a toilet 
seat, and the like. 

Frequently shapers have two heads or spindles, running in 
opposite directions, to permit cutting along the angle of wood 
grain and not against such an acute angle of wood grain. 

Shaper knives and cutters are frequently smaller in diameter 
than molder and planer equipment, and solid heads are often 
used (Figs. 24 and 25), keyed and clamped to the shaper spindle. 
Operating speeds are consequently greater than in the other 
machines described. 


INITIAL Cost OF THE RESEARCH 


Considering the fact that it seems entirely possible through 
a proper effort of this Committee eventually to accomplish a well 
worth while portion of an annual economy of possibly $67,000,000 
a year, with the cooperation and approval of the Main Research 
Committee of The American Society of Mechanical Engineers, 
we should go to the saw manufacturers and some of the larger 
woodworking plants of the country, who will be most benefited 
by this work, in an endeavor to raise a fund of $10,000 for one 
year’s careful prosecution of research along the lines above 
suggested. It is our thought that this fund would be used 
approximately as follows: one-third for the salary of a compe- 
tent engineer to direct the work; one-third for traveling expenses; 
and one-third for miscellaneous, office, laboratory, and drafting. 


CONCLUSIONS 


In submitting this report, the members of the A.S.M.E. Special 
Research Committee on Saws and Knives recognize that this 
outline is far from complete, referring as the report does to the 
principal types of woodworking machinery, as well as the saws 
and knives used thereon. 

Saws and knives are used on a multitude of machines not 
herein specified, but it is believed that the lists herein outlined 
are basic and fundamental and subject to substantial expansion 
as the research work of this committee is further developed. 

Constructive criticism is solicited from all interested in the 
progress of this research. 


Discussion 


Davin Turcorr.? In connection with the question of re- 
ducing waste by the proper use of circular saws, there is one 
problem that should receive greater attention. This is the ob- 
taining of sufficiently accurate and smooth cuts from the saw in 
power feed machines, to eliminate the necessity of a subsequent 
operation of jointing or planing. The number of plants gluing 
up their core stock directly from the saw is increasing very 
rapidly. There are also a number of plants making glue joints 
directly from the saw where the joints are to be left exposed, 
and this of course requires a very smooth cut, free from irregular 
grooves produced by the projecting teeth. The saving due to 
the elimination of the jointing operation varies from '/, to '/, in. 
of width of the stock for every joint. In addition, there is a 
saving in labor of handling and feeding through the glue jointer. 

The leading manufacturers of woodworking machinery have 
developed precision power-feed rip-sawing machines for straight- 
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line ripping and edging at high feeds. The principal limitation 
in the successful use of these machines, however, is the saw blade 
itself. 

While it is logical to assume that there is only one saw tooth 
form for the best results, it was demonstrated that identically 
the same results are obtainable with a number of different tooth 
shapes and with either swaged or sprung teeth. The conditions 
under which these results are obtainable are as follows: 

The saw blade must be heavy enough to resist working strains, 
and it should be as small in diameter as possible and well sup- 
ported by saw collars. The saw must run without rim waving at 
full operating speed, which is usually 3600 r.p.m. on direct 
motor-drive machines; this calls for accurate tensioning. The 
saw must be free from wavy projections which are due to hammer 
marks in the process of tensioning. The saw must be in perfect 
balance, and when revolved by hand must not wabble at the 
rim more than 0.003 in. The last but not the least requirement 
is a first-class job of filing and the proper amount of set for the 
different conditions met with various woods. 

An attempt has been recently made to true up the edges of 
the teeth by a stationary adjustable abrasive stone which dresses 
up the edges of the teeth while the saw is running at full speed. 
This operation is similar to the jointing operation on a surfacer 
head. The conditions, however, are quite different in a saw, 
and so far little has been accomplished by this truing operation. 

There are no reliable data available pertaining to the cutting 
operation of the saw blade and its action in different woods. The 
woodworking industry is entirely dependent on the ability of 
the saw filer for the success or failure of the glue-jointing opera- 
tion from the high-grade power-feed sawing machine. 


Everett Dick.’ I feel that the whole idea is to try to get 
to the basis that has been brought out here—to get some place 
to start from and then work it out. As in the case of some ex- 
periments made lately, we all do something and get results, 
but really we do not know what gave us those results. We jump 
to conclusions too much. 

I think back to fifteen or twenty years and ask myself this 
question: Why do people differ so much on what apparently 
means simple things? There are so many things that enter into 
experimentation that give different results—conditions of the 
wood, other manufacturing conditions—all these things are so 
complicated. 

We find as we travel on different roads that some are traveled 
more than others. Therefore greater results are being obtained 
on them. If we can all get together on that main road, the 
results will be greater. 


Wituram Braiww Wuire.‘ As the Chairman of the Wood 
Industries Division, I feel it my duty to say that it is not our 
intention to allow this matter to stand where it is. The com- 
mittee which we secured to investigate this large subject has 
every reason to feel that it has earned our thanks. 

In the second place, I should like to say that the main research 
committee of the Society is so far completely in sympathy with 
our aims. We intend to go on, with the approval of the research 
committee, and to see how much money we can get from the 
industries concerned, to enable the Saws and Knives Committee 
to continue the research. 

Further, I would like to say that Mr. Schlueter, the author of 
the paper upon German woodworking research, was in this coun- 
try for some time this summer and spent a good deal of time 
with me. In fact, I helped him translate his paper from German 


® Vice-President, Buss Machine Works, Holland, Mich. 
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into English, and together we got a result reasonably intelligent. 
I got a great deal of information from him regarding the workings 
of the German R. K. W. and their methods. I see no reason 
why this division should not maintain correspondence with the 
R. K. W. on all subjects of mutual interest. It is my intention 
to carry on a correspondence and exchange of information with 
them. 

To sum up the matter, let me make it plain that it is the in- 
tention of the Wood Industries Division to see that this research 
is carried through until we have something with which we can 
definitely come both to manufacturers and to users of saws 
and knives, data that are proved and that definitely mean some- 
thing. Then we shall have taken a further step in the appli- 
cation of engineering principles to woodworking and shall have 
done something to justify the existence of the Wood Industries 
Division. 


ARMEN J. Kurkgian.6 One of the things which is absolutely 
necessary, to accomplish anything in this matter, is to interest the 
group of saw and knife manufacturers. There is not a single 
saw manufacturer present here who has agreed or disagreed 
with what has been said. Let us interest them sufficiently so 
that the next time this matter comes up there will be a representa- 
tive from each one of those companies. 

Secondly, much has been said about the necessity of finding 
out why a saw cuts. The question is to find out what kind of 
saw or saw gullet or what kind of a saw tooth, among the other 
kinds now in use, gets the best result—does the best cutting. 

It seems to me that a short cut, for the time being, to secure 
results would be to get somebody to find out just what the oper- 
ators’ ideas are. To be sure, out of five you will get six answers. 
But what of it? You have the six answers just the same, and 
you ought to be able to figure out from that number of answers 
just which is best. 

In my opinion that group should interest themselves in tabu- 
lating the saw gullets, the shape of saw teeth that are being used 
in various important industries. Fisher Body Company, for 
example, after some study has come down to certain standards. 
Find out what those standards are. Find out the standards 
established by other companies. There is not a large factory 
cutting up wood but has men who have definite ideas as to just 
what shape of tooth is best for the work. If we can tabulate 
that and have someone with sufficient judgment to discard 
the unessential and to get down to a single basis, we can shortly 
get that result. 

We do not know what electricity is, but we know how to use it 
and to get good results. We may be a long time finding out 
why a saw cuts, but we do know at present that the saw cuts; 
and which shape of saw and what tooth will cut the best are the 
things in which we are most interested at the present time. 
This also refers to knives. 

A branch of our firm, the Oliver Machinery Company, was 
the Baldwin, Tuthill & Bolton Company, which dates back as a 
pioneer in the manufacture of saw and knife fitting machinery. 
Automatic sharpening of band saws and automatic sharpening of 
knives were initiated by that company. The long experience 
which that company had, brings up a few facts for consideration: 
That there is a decided lack of information on the part of the 
saw and knife users themselves—the actual mechanics of the 
field. They go off on tangents. A perfectly good saw with 
circular shape at the bottom of the gullet is often sharpened 
with a three-point file, creating a sharp angle bottom for the 
saw tooth—a sure cause for the saw to split at that particular 
point. 

5 Sales Manager, Oliver Machinery Company, Grand Rapids, 
Mich. Assoc-Mem. A.S.M.E. 
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They do many other wrong things. Saws have come back 
to us for reshaping that are so terribly misused in filing and in 
taking care of them that we have learned that there must be 
more information of this kind disseminated. If we could mail 
to each concern certain data to check up by as to what they 
think is the best saw tooth for certain types of work, we would 
soon acquire a lot of information. 

I am sure the committee will go ahead and spend the necessary 
money to get this work accomplished. 


Paut H. Bituvuser.t In speaking about the next step in 
connection with a research project of this kind, I feel that there 
should be a great deal more work done to call attention to the 
importance of a thing of this kind. I think the importance of 
this work has been crowded out by the larger savings that wood- 
workers have seen in speeding up the output and the use of 
more productive machinery, the change from carbon to high- 
speed knives, and the matter of grinding such knives and tools 
to insure proper performance. Those savings have been so 
apparent that it has obscured the idea that savings are possible 
through the use of certain saws and knives alone and the re- 
duction in saw kerf. 

It seems to me more stress should be put on bringing out the 
prospect of savings through the better development of these 
tools with which we are working. In most woodworking plants 
the first thought is to see what can be done to cut down the cost 
of operations through a change from the older type to a more 
modern type of machinery. That has been the biggest point 
that has come up. The question of proper type of saw and knife 
and cutter head has not been a feature that the user has studied. 
It is largely the machinery man who has evolved the cutter 
heads and who has evolved the saws. There has not been any 
insistent call on the part of the woodworker for development along 
this line. If some interest on the part of the woodworker could 
be aroused for better materials, such materials might be forth- 
coming. The woodworker through his demand for more modern 
machinery and for faster machinery has brought about the de- 
velopment of that type of machinery. If he could be induced 
to call for better tools with which to work, perhaps the machinery 
people would cooperate with him and other agencies might help. 


ArtuHour D. Situ, Jr.? There is one phase that I hope the 
committee will take up, and that is the phase of safety. As a 
user of knives, saws, and cutter heads in Philadelphia, we have 
quite a problem in safety work. I have particularly in mind 
the vertical spindle shapers and the tools which use an unguarded 
overhanging knife. I have tried to find out what should be the 
proper hardness of a high-speed steel knife that will give good 
service in cutting and still not be dangerously brittle. Within 
the last month we have had two serious accidents from that 
very cause, and there does not seem to be any intimation from 
the knife people as to just what hardness the knives should have 
to give the proper service and still not be too brittle. I am won- 
dering if Mr. Perry can tell us anything along those lines, what 
information is available on the safety side of the question? 


Tuomas D. Perry.* Every woodworker apparently has been 


® Assistant Factory Manager, Steinway & Sons, Long Island City, 
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8 Director Woodworking Division, Bigelow, Kent, Willard & 
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looking for a jack-of-all-trades tool. He has wanted a tool of 
a comprehensive temper, a comprehensive shape, and a com- 
prehensive speed; and then he has often used that tool at the 
wrong speed, has used it for too deep a cut, or has used a hard- 
wood tool on soft wood, or something of that sort. Of course 
that was the fault of the tool! 

I think the answer to the inquiry must be more or less brought 
about by research, but it must be limited; it must be cir- 
cumscribed by the fact that if a proper tempering, a proper 
size, a proper leverage (or diameter of circular saw), or a proper 
speed is provided, that particular tool to be efficient must 
be used at that speed, temper and leverage. In a great 
many cases, when a certain tool is demonstrated at the speed 
for which it is designed, it is said to be operating too slow or 
perhaps it has not rake enough; therefore, by a rule-of-thumb 
method, they proceed to make changes that are not at all scientifi- 
cally worked out. This inevitably results in many accidents 
because of a lack of standardized data as to the speed, the diam- 
eter, the kind of wood, the degree of rake, the temper of the metal, 
and other elements. 

Another fact has come to my attention recently to which 
apparently there is no answer. Professor Lionel Marks, of 
Harvard, the author of Marks’ Handbook, said, ‘‘Can you give 
me a power formula for various saws and knives?” I imme- 
diately put up my hands and said that so far as my knowledge 
extended there was no such formula. He said there was a Ger- 
man formula, but it did not work. My answer was that there 
was little authentic information as to the power requirements of 
different woods, different degrees of dryness of wood, different 
depths of cut, whether it is in a planer cut or shaper cut. Here 
is a serious gap in our knowledge of power requirements. So 
eminent an authority as Professor Marks admits that there 
is no authentic information that gives anything like a reasonable 
interpretation, although certain general statements of power 
consumption can be made. 

A suitable research program will point the way toward better 
designing of saws and knives, as well as toward using the tool 
in the way it was intended to be used. Research will also 
assist in determining the power factor, but the waste of wood is 
much more serious than present power losses. 

Mr. Bituusper. Another way to prevent accidents from 
the open type of shaper knife used with slotted collars is to 
abolish that type altogether. The solid three-wing or four-wing 
has superseded the use of this open type in our shops. They work 
clean and are much more simple and better when sharpened 
on proper grinding equipment. The hazard to safe operation 
has been very materially reduced. 

Mr. Perry. We reached the conclusion that such a thing 
would be highly desirable and ideal, but we realized that prac- 
tically it cannot be obtained at one step. That is, there are so 
many operations where circular saws have been used so long for 
ripping purposes that the immediate shifting to the band saw is 
not possible. 

In many cases the saving from the band rip is greater than just 
the saving of the saw kerf. If you take a board that is 6 in. 
wide and you want to rip out three 2-in. pieces, it cannot be done. 
You will get two 2-in. pieces and an edging. That is, there is 
a waste in the off cut that is a substantial factor in the saving and 
must be considered as part of the ripping waste. In other words, 
if you want three 2-in. pieces you must start with a 6'/,in. 
width board or else be satisfied with only three 1’/s-in. pieces 
out of the 6-in. width. 
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Progress and Problems Relating to the Use 
of Saws in the Primary Wood Industries 
of the Pacific Northwest 


Report to the A.S.M.E. Special Research Committee on Saws and Knives 


round logs as they are cut in the forest to flat slabs and 

boards, may be said to have begun with the one-man and 
two-man hand saws of primitive days, with which the earliest 
sawing was done, and which are still very much used in Japan and 
elsewhere. Our large mills in the Northwest still use this prin- 
ciple, in the gang saws which reduce large cants to boards with 
very good economy, though the hand power has been replaced by 
steam or electric-motor drive. 

The early steam-powered mills were designed for the single 
circular saw, running at comparatively low speeds, with cor- 
respondingly low feeds, and taking kerfs approaching half an 
inch in width. No single saw could handle the 10-ft. logs with 
which the shores of Puget Sound were and are lined, and the 
double saw rigs, with saws up to 4 ft. and even 6 ft. in diameter 
came into vogue. The speeds were somewhat higher on these, 
and the saw kerf slightly thinner, but the feed remained slow and 
the cuts were frequently irregular, due to warp, run, or mis- 
alignment of the two saws. Many logs are so large that two 
4-ft. saws will not cut them deep enough to square the log, and 
it is necessary to take off eight or ten slabs around the log to get 
it down to the diameter for clearance. 


Pret tes in primary sawing, or reducing the green, 


CuANGE From Crrcutar TO Banp Saws 


In spite of their obvious wastefulness and slowness of produc- 
tion, mills of this type dominated the Northwest lumber indus- 
try until 1900 or later, and there are hundreds of such plants in 
operation yet, although practically all the larger mills are now 
based on a band saw for head-rig work. The change from cir- 
cular to band saws involves far-reaching changes in the other 
equipment in the mill; and a wide variety of handling machinery, 
from the log hoists, log turners, and automatic carriage appliances 
to the complicated systems of sorting, trimming, and piling chains 
and conveyors, has been developed to keep pace with the faster 
production and lower costs demanded by an over-supplied 
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market. The value of the lumber saved by the band saw, which 
was formerly made into sawdust by the circular saw, is sufficient, 
in a mill cutting about 120,000 ft. per day, to pay for the new in- 
stallation in one year. This takes account only of the difference 
in the width of the kerf, which varies from 20 to 50 per cent saving 
in kerf. 

The band saw has developed a new set of tooth profiles, new 
methods of sharpening and setting saws, new devices for holding 
the log in position and for setting it for the cut, new saw speeds, 
and very much greater feed speeds and higher rates of production 
all along the line, as well as smaller kerfs. 

It has reduced the man-hours of labor per thousand feet of 
lumber by more than 50 per cent, with a corresponding increase 
in the investment required for economical production. The 
requirements of lower cost have brought about a steady though 
gradual improvement in profiles for edger and cut-off saws, with 
considerable use of inserted tooth, and machines capable of driv- 
ing six to ten 26-in. edger saws through a 12-in. cant at from 60 
to 100 ft. per min. 

Double-edged band saws, and machines to drive and to feed 
them, have been developed to some extent, but their use has 
not become general, partly because of difficulties in maintaining 
even tension on the two edges, partly because of high first cost 
and high percentage of breakage, and largely because the rest of 
the mill to handle the output from such units becomes unwieldy 
and the estimated gain in production and decrease in cost is not 
fully realized. Most Northwest mills prefer to install a large 
band mill for making cants from large logs, and a smaller similar 
unit for breaking down smaller logs and resawing the large cants 
for the edger or for trimmers and resaws. Sawmills capable of 
making 10,000,000 ft. of Douglas fir lumber per month have been 
operated on this plan with conspicuous success for years. 

Due to the greater strength, freedom from knots and pitch 
seams, straight grain, and consequent higher market price, of the 
sapwood of the Douglas fir, every effort is made to save all of this 
“clear”? wood next the bark for remanufacture into all sorts of 
finished products. For the same reasons it is important that no 
unnecessary waste of clear lumber in sawdust and planer chips be 
permitted. Accordingly it is customary in Northwest mills to 
send most of the slab as well as all the clear cants to the edger 
then through the trimmers to make stock or ordered lengths, and 
to reduce these clear sticks and strip off tapers of bark in the re- 
saws. For this work high-speed band saws, narrow and thin as 
possible, are almost universally employed. These saws must run 
at extremely high accuracy, and are guided close to the cut as 
well as held to very close limits in grinding. Usually these are 
mounted in a group of two or three, each one fitted with feed 
mechanism for a narrow range of thicknesses, and cants selected 
to fit the saw as they are carried past by the sorting chains. 

The machinery thus far mentioned covers practically all the 
commonly used primary or green-wood sawing in lumber mills 
handling Douglas fir, with the exception of slab saws and those 
used in making lath, broom handles, and similar products from 
the shorts and slabs. These are mostly small circular rip saws, 
mounted in gangs of four or six, and are interesting primarily be- 
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cause they have been neglected in the general progress of saw im- 
provements, and are still made with wide kerf, although operated 
at fairly high speeds. 

The working of the Western red cedar involves some addi- 
tional problems, due to the stringy grain of the wood and its 
noticeably greater dulling effect on saws. Also, due to the 
higher value of the wood, the circular saws used for cedar are 
usually thinner, and run at faster peripheral speeds than those 
of similar size for fir. In making cedar shingles the common saw 
is a 30-in. to 36-in. circular blade, with a kerf width of only */;2 
in., which cuts from 60 to 100 shingles per minute from a 12- 
or 16-in. block, and is served by an automatic feed mechanism 
carrying the block. These shingle blocks are cut off the logs 
by circular saws, usually with inserted teeth, of diameters rang- 
ing up to 8 ft., mounted as swing or jump saws. 

Western hemlock is handled in nearly all the fir mills without 
change or adjustment of saws, though planer settings vary. 
Sitka spruce is also handled in mills identical with the fir type, 
but with changes of speed, set or kerf, and feed on the saws, due 
to the soft texture of the spruce, as well as to its higher value. 
New tooth profiles are being developed for spruce, but the in- 
dustry is not in agreement as to the advantages of such changed 
profiles as have thus far been offered. This matter may be 
classed as unfinished business by the saw manufacturers as well 
as the lumber operators. 

The development of saws for Pacific Northwest work has not 
been brought about by any concerted effort to eliminate waste of 
wood material, but rather by competition between the manu- 
facturers of saws and sawing machinery in an effort to save labor 
and reduce the cost of the lumber. Lumbermen have taken a 
relatively minor part in this development by trying and then 
adopting improvements worked out by the manufacturers, 
through their sales engineers and research departments. This is 
due to the fact that the saving of wood is an object of secondary, 
or lesser, importance to the lumberman of the Pacific Northwest, 
his greatest concern being to lower costs and expand sales to ab- 
sorb the lumber which must be marketed to prevent loss. 

The forests of the west slope of the Cascade and the Sierra 
Nevada ranges were in existence before the Christian era, and 
areas which are still ‘‘virgin”’ timber are practically all so ripe as 
to be subject to deterioration by standing longer. Future needs 
must be provided by reforestation rather than by the conserva- 
tion of existing stands. Meantime the taxation laws of the West- 
ern states are such that it is expensive to hold standing timber, 
most of such taxation being based on a flat millage levied against 
a fictitious valuation piaced by county assessors, and varies to 
meet the financial need of the county rather than any conserva- 
tion or utilization policy. Considerations of this sort have led 
the owners of west-slope timber lands to try for lower costs and 
faster production rather than for greatest economy of material. 


IMPROVEMENTS IN 


Improvements in saws have contributed to this lowering of 
costs both by increasing the yield from logs and reducing the 
costs of labor, power, and overhead charges. It is only proper 
to add, however, that the greater part of the credit for lower 
costs (relatively to price index) is due to improvements in the de- 
sign and increase in the employment of modern handling equip- 
ment, and to stabilization of freight rates, prices, and marketing 
practices, to which West Coast lumber leaders have given careful 
and effective attention. 

To be of real benefit to the primary lumber operations of the 
Pacific Northwest and to its customers, the people of the timber- 
less regions of the world, research and development of saws must 
be carried forward with these conditions in mind. Costs of 
lumber to the consumer must be reduced where possible. Prod- 


ucts capable of wider utilization must be developed, by im- 
provements in finish, accuracy, and uniformity of quality and 
grades. The cost of transportation and damage in transit are 
deeply involved. The role of the saws used is only one of the 
factors in all these problems, but the efficiency of saws has a 
bearing on all of them, and research tending to increase this 
efficiency has only begun. 

Saws can be improved in accuracy, so that allowances for trim 
and finish can be reduced or eliminated. When this is carried to 
such a stage of development that it is possible to market the large 
volume of common lumber, true to size and with a usable finish, 
direct from the saws to the consumer, a very large saving in cost 
can be made by eliminating the ‘“‘green sizer’’ or rough planer 
operation on common dimension lumber. To accomplish this 
it will be necessary that saws run lumber true to size within a 
sixteenth of an inch, accurate to length within a similar tolerance, 
and with a surface substantially free from splinters which will 
delay carpenters, or weather off, or roughen painted surfaces. 
This is a problem for both the saw makers and the manufacturers 
of sawing and handling machinery. It can obviously be done, and 
when done is obviously well worth the effort, since it will elimi- 
nate one handling to the green-sizing planer, the planer operation 
itself, and one handling or sorting after planing, on all common 
lumber now planed for market. Since this ““common”’ constitutes 
a very large percentage, of the order of half or more, of all fir and 
hemlock lumber, this item presents a major problem. 


REDUCTION OF PowER REQUIRED TO OPERATE SAWs 


Another important item is the reduction of the power required 
to operate saws. Many progressive sawmills have found that the 
burning of waste wood under steam boilers, and use of the steam 
either for generation of electric power or for the mechanical trans- 
mission of power, costs more than the purchase of their power 
requirements from the public-utility companies, especially where 
there is a market for waste wood for pulp or for domestic fuel. 
As the chemical reduction of wood waste to other products, by 
destructive distillation and other methods, develops with the 
market. for these products, it will become less and less economical 
to burn wet sawdust and chips as fuel under a boiler. Saw 
makers and research engineers can very well devote a great deal 
of study to the tooth profiles which cut the wood with minimum 
expenditure of power. Lumber operators can be relied upon to 
cooperate in every practical way in this research, by trying saws 
under homologated conditions, keeping records of power con- 
sumption and output, and adopting any type of saw which is 
proved to be a definite improvement. Research along this line will 
require a great many tests under different conditions of speed, 
feed, kerf, profile, direction of cut, and kind and condition of 
wood sawed. As a mill which cuts about 100,000 ft. of fir 
lumber per day keeps something like 1200 kw. in steam turbines 
very busy, the saving of 10 per cent of the power used presents 
another major problem, worthy of the efforts of research engi- 
neers. 


Cuoice or Best Metuop or Woop SawinG 


The tendency to simplification in manufacture seems to have 
gone rather beyond the maximum efficiency in the design of saws 
to fit the many kinds of wood sawing required. While simpli- 
fication is desirable, both from the saw maker’s and the operator's 
peint of view, there are many jobs which are being done with a 
saw not exactly right, in feed, speed, kerf, or profile, because to 
fit the work as exactly as present knowledge permits would re- 
quire the addition of another item to the line, with equipment for 
grinding, setting, etc. the new item. For example, practically 
all the primary sawmills in the Northwest use the same type of 
tooth profile on cut-off saws for lath bolts, on trimmers for dimen- 
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sion stuff, and on large timbers. The same general form (a 
plain triangular tooth) is used on both green and dry wood and 
slabs, on box shooks, plywood, and timbers, on fir, spruce, and 
hemlock. There are, in this rather wide range of duties, re- 
quirements sufficiently varied to make it quite certain that a 
few additional types of saws would reduce power consumption, 
decrease kerf—which becomes of more importance as the ma- 
terial is more nearly completed—and increase production per 
man-hour. 

This is another problem of considerable magnitude for the at- 
tention of research engineers. Probably nothing short of the 
classic methods of Taylor will give a satisfactory answer to the 
question, ‘‘Which is the one best way in each set of conditions?” 
When we know the best way from the purely technical viewpoint, 
it will still be necessary to compromise with financial and com- 
mercial efficiency to avoid a wholly impractical multiplication of 
sizes and types of saws. 


RESEARCH PROBLEMS 


In conclusion, the problem of the research engineer is compli- 
cated by the intimate interrelation of many other and more 
seriously pressing financial and commercial problems, which tend 
to relegate the work on saws to the background. Good engineer- 
ing will demand that this fact itself be taken into account by the 
engineers engaged in research on saws, so that their efforts will 
be directed toward the objects which will contribute most directly 
and quickly to the main difficulty of the Northwest lumbermen— 
which is to get a ripe stand of timber into economical, efficient, 
profitable use with the least delay and cost possible. It is quite 
safe to predict that the corollary problems, some of which must 
be solved before research on saws is fully practical, will require a 
great deal more engineering analysis than has yet been given 
them. Examples of such problems are: 

1 How can the output, or production, of individual saws or 
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departments, or even the whole mill, be measured with sufficient 
accuracy to validate the research data? Even the lineal footage 
is not tallied on most machines, and no one in the industry has 
ever made an automatic tally of board measure. It is, accord- 
ingly, not yet possible to state accurately what the present losses 
are, nor where they occur, although these data are obviously 
necessary in comparing and homologating tests of various saws, 
as well as for many other purposes in the industry. 

2 To what extent do the devices for handling material to and 
from the saw determine or limit the experiments which will de- 
termine the one best way in sawing? Experience and close ob- 
servation in many Northwest sawmills indicate that this will be 
a consideration of major importance in carrying out any real 
program of research. Changes in mill arrangements are difficult 
and costly, as the machinery is built into the structure to an ex- 
tent not usual in other industries, and the best of engineering is 
not always successful in so balancing the different departments 
and handling devices that smooth flow of lumber is attained. A 
change in the size or grade of logs, or in the orders secured by the 
sales department, frequently unbalances the mill to such an ex- 
tent that some machines are idle, while lumber from others has 
to be stacked in the yard, with consequent cost, delay, and loss. 

If the above statement of the recent progress in saw design and 
adaptation to the primary sawmills of the Pacific Northwest, 
and the problems awaiting solution by research on saws in general, 
is of assistance in planning a program of study which will indicate 
the direction in which improvement lies, the author’s purpose 
in presenting it will be achieved. The lumber industry needs 
research and engineering as much as or more than any of our 
major national industries. It is a very large industry, and holds 
the welfare of a great percentage of our people linked with its 
success, so that even a minor improvement, of general application, 
will be of tremendous value. 

Ira W. Dye. 
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Conservation of Lumber in Woodworking 
Plants 


By CARLE M. BIGELOW,' BOSTON, MASS. 


This paper gives particulars regarding a method for the installa- 
tion of a differential group wage-payment plan for the cutting de- 
partments of woodworking plants. The group is paid in terms of 
the differential result between reduction in per cent wastage of 
lumber intake and board feet per man-hour production. The 
necessary details for accumulation of data for the installation of 
the method are given, the general method is completely described, 
and a summary of results of several typical installations given. 
The results are tabulated of this combined production-yield group 
bonus in the several major industries, as derived from actual installa- 
tions extending from six months to six years. 


to study the woodworking industry in an association of 

woodworkers numbering over sixty plants, manufacturing 
a wide range of product, and on a basis where true comparison 
between individual plants was readily possible. This study led 
to further investigation in many isolated plants of different 
branches of the woodworking industry. While many funda- 
mentals as to manufacturing methods and general management 
resulted, the problem of waste control in the cutting department 
was one which proved continuously difficult of solution. About 
that time, however, a problem in the cutting of knitted fabric into 
garments presented itself and was satisfactorily solved. There 
is a very close analogy between knitted fabric and lumber, as both 
are extremely variable in quality. From the solution of this 
cutting problem of knit fabric came the fundamental on which 
was based the method outlined in this paper for the control of 
waste in the cutting of lumber into fabricated parts, which has 
since been installed in several score of woodworking plants, cover- 
ing practically the entire field of woodworking products. 

It will be the purpose of this paper to cover theory only in‘so far 
as necessary for an understanding of the fundamentals of the solu- 
tion, and to emphasize principally the practical installation of 
the method. Lumber waste is illustrated in Fig. 1. 

In considering the utilization of lumber we must first realize 
that we are dealing with a variable material. No two trees 
ever grew exactly alike, and very few boards of lumber cut from 
them are alike. If a tree grows in a high, windswept area the 
texture of the lumber will be entirely different from what it 
would have been had the tree grown in an enclosed, low, swampy 
area. When lumber reaches the manufacturer it has been graded 
according to standards which, while they have been carefully 
determined, are still somewhat variable. The author thinks any 
practical woodworker will agree with him that the lumber he re- 
ceives today is considerably different from that shipped for the 
same grade ten years ago. There is a constant degrading going 
on, which will doubtless become more marked as the lumber 
supply becomes more limited. We therefore find our first vari- 
able in the material itself. 

Next, it is obvious that a greater percentage of lumber can be 
cut into clear stock if the cuttings are short and small than if they 
are long and large. We therefore have a second variable in the 
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product into which the lumber is cut. In the large majority of 
plants the assortment of cuttings is constantly changing; there- 
fore the limits of this second variable are often very undefined. 
Given, therefore, a variable material and a variable product, 
it must be seen that the resultant production and waste percent- 
age, even if we consider the effort of the labor involved as constant 
both in judgment and effort, will be variable. To mitigate this 
effect it is necessary that the payment be predicated not upon the 
immediate results only, but upon the long swing of results for a 
considerable period of time. Wherever there is such a strong 
quality or judgment requirement as in the utilization of a variable 
material, the material utilization and rate of production must of 
necessity be differential, in other words, supposing that a man 


Fic. 1 Types or LumBeR Waste 


is cutting up lumber at a definite speed, it is obvious that the re- 
sultant production will be indirectly proportional to the waste 
percentage. That is, supposing he cuts a thousand feet of lumber 
in a certain time and in one case the waste is 40 per cent and in 
another case 60 per cent, it is obvious that his rate of resultant 
production varies in inverse proportion to the waste difference. 

In many plants an attempt to standardize rate of production. 
by the elimination of this variable has been approached by paying 
the workmen on the intake footage, or, in other words, on the 
amount of rough lumber they cut, irrespective of the resultant 
net production. In one automobile-body plant this resulted in an 
annual wastage of $113,000 in lumber, as it is perfectly obvious 
that the incentive was applied so that the effort of the men was 
directed toward passing a maximum amount of lumber through 
the department regardless of what was produced. Low wastages 
or proper utilization of material cannot be obtained by paying in 
terms of intake. Other plants endeavoring to overcome this have 
attempted to pay on net production only. It is obvious that this 
is very unfair to the worker, as variations in quality of lumber or 
size of cuttings so affect the net production that he is not fairly 
rewarded for his effort. In paying on any basis for production in 
the cutting of lumber, a wide variation in concomitant effort be- 
tween individual operations usually results from the following 
reasons: 
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If the cuttings are long the task of the cross-cutting operatives 
is reduced, while that of the rip-sawyers is increased. On the 
other hand, if the cuttings are short at the cross-cut operation the 
task is considerably increased. To compensate for this, therefore, 
it has been found advisable to pay the entire cutting department 
as a group; that is, the group of workers who convert the lumber 
into definite-sized pieces (usually cutting, ripping, planing, and 
sticking) are considered as a unit. 


Percentage Coefficient 
8858 


Subtract Inventory This Week End (D) 
Net Intake (A + B—C— D) 
Subtract Clearance This Week (EF) 


Waste (A + B—C— D— EB) 
Percentage of Waste = Waste Divided by Net Intake 
=(A + B—C— D—E) + (A+ 
B—C—D) 
Clearance (or Production) consists of the equiv- 


alent feet b.m. contained in the product, based 
on standard net-content constants for each part 


of product. By dividing this footage by the man- 


hours of labor, a factor of Board Feet per Man- 


Hour is determined. 


These calculations are usually made on a weekly, 
bi-weekly, or monthly basis. Next, a chart is pre- 


pared as follows: 


The first step is to plot the relations between 
board-feet-per-hour production and waste, for a 


range of waste percentages and production some- 


what wider than the standard. Such a chart is 


shown in Fig. 2. The percentage coefficients at 
the top of the chart are determined as follows: 


A graph of bonus percentages for waste elimina- 


tions is plotted as shown in Fig. 3. The percent- 


ages of bonus used are determined by experience, 
and are set to produce the necessary incentive. 


The standard board footage per hour on Fig. 2 


is 26. The waste bonus shown in Fig. 3 applies 
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specifically to this production, therefore the per- 
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Waste in Board Feet per Man-Hour 
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(The percentage coefficient multiplied by the board feet produced per man-hour gives 


the bonus percentage for the hours worked.) 
THE METHOD 


In consideration of all these variables, therefore, a method was 
devised as follows: 

The fundamental of payment is based upon a differential rela- 
tion between production and wastage. Inasmuch as it is usually 
found that the cost of material is equivalent to several times the 
amount of labor involved in its cutting, a greater incentive is paid 
for reducing wastage than for increasing production. A certain 
relation between these two results is therefore made obligatory 
for the payment of extra compensation. 

A definite group of workers is assigned to the operation and 
their results calculated in two factors—Waste and Clearance (or 
Production). 

Waste is determined by subtracting Clearance (or Production) 
from Intake (or Consumption). 

Intake consists of lumber brought into the group, corrected by 
the amount of difference between the inventory (of the stock of 
lumber, edgings, process material, finished material, etc.) in the 
group floor space at the end of the week or pay period and that in 
the same logation at the beginning of the same interval. 

The weekly computation of waste is therefore, in essence, as 
follows: 


Start with Inventory Last Week End (A) 
Add Intake to Group (B) 

Gross Intake (A + B) 
Subtract Withdrawals (C) 


Corrected Gross Intake (A + B— C) 


centage bonus allowed for any percentage of waste 
divided by 26 gives a coefficient which, if multiplied 
by any board-foot production, gives an excellent 
differential bonus percentage for both production 
and waste. 

For example: 30 per cent waste on Fig. 1 is al- 
lowed 25 per cent bonus; whence 25/26 = 0.96 = coefficient for 
30 per cent waste; the bonus for a production of 30 ft. b.m. per 
hr. = 30 X 0.96 = 28.8 (29) per cent; for a production of 25 ft. 
b.m. per hr. = 25 X 0.96 = 24 per cent; etc. Fig. 4 is then 
calculated from the coefficients determined on Fig. 1, and gives 
the direct bonus percentage for each combination of waste and 
production within the standard range. 
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Fic. 3 Grapu or Bonus INcENTIVE For Waste RepvuctTion AT 
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Each pay period the Board Feet per Man-Hour and Percentage 
of Waste are determined and the resultant bonus increment read 
from the chart. This is paid as a percentage of additional pay 
to each man in the group. However, to compensate for the many 
variable conditions involved, instead of paying this on the direct 
results of the immediate period, a figure is determined for the 
mean between the current period and several past periods; for 
instance, if a weekly basis is used, the average percentage of waste 
for the prior five weeks and the mean between this figure and 
the waste for the current week is taken as the waste basis of pay. 
In the same manner the mean between the average Board Feet 
per Man-Hour for the prior five weeks and the current week is 
taken for the production basis. The bonus percentage equivalent 
to these two is then paid the workers. 

This group of workers consists of not only the productive work- 
men, but the foreman, knife grinder and setter, sweeper, and 
truckers, if any are used. In other words, every one included in 
the standard group is paid this percentage. 

It is very often possible, and is usually the practice in more 
recent installations, to make a variable allowance for both pro- 
duction and wastage standards. For instance, the foregoing is 
predicated upon a constant supply of similar-graded or assorted 
grades of lumber for a fairly constant product. Where great 
variation in product occurs, it is necessary to set up the produc- 
tion standard in terms of percentage of production effectiveness. 
When this is done, a definite time allowance tor the department is 
determined for each item of product, and the total allowed times 
are determined for the clearance of product for the pay period, or, 
time allowed = 74. The hours actually spent by the group 
during the period are, of course, time taken = 77. Then 
T4/Tr = percentage of effectiveness. 

To cover the factor of variable lumber supply, standard per- 
centages of clearance are determined by applying carefully de- 
termined percentages to the lumber intake. In one case these 
percentages were as follows: 


Per cent 


These are used as follows: Suppose a truck of 3500 ft. b.m. of 
firsts and seconds is brought into the plant. The standard clear- 
ance should be 81.5 per cent of 3500, or 2852.5 ft. b.m. If but 
2700 ft. b.m. are produced, the percentage of standard clearance 
= 2700/2852.5 = 94+ per cent. 

When these two pay factors—percentage of effectiveness and 
percentage of clearance—are used, a table such as that shown in 
Fig. 5 gives the resultant bonus percentage. 


THE APPLICATION 


A fundamental which must be realized in the use of this method 
is that the standards cannot be determined upon a purely mathe- 
matical basis, but are to a very large extent a matter of judgment, 
and the author considers that it is practically impossible for this 
method to be worked out except by an engineer who not only has 
had a very wide experience in time study and operation standard- 
ization, but is one who knows lumber from its production in the 
woods to the many problems of its utilization in the plant. 

This method has been installed so many times that a standard 
series of steps has been determined as follows: 


1 List all parts in the product 

2 Figure standard net-content constants for these parts and 
finally consolidate them in terms of assemblies if clear- 
ance is figured in assemblies 
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3 Make operational analyses of current and standard 
waste percentages and of speeds, feeds, and time studies 
of each individual operation involved 

4 Set up a standard group of men, subdividing into groups 
if there are separate groups of product with separate 
clearances 

5 Initiate current weekly determinations of Percentage of 
Wastage and Board Feet pre Man-Hour Production 

6 Start combined waste and production tests 

7 Determine past average Percentage of Waste and Board 
Feet per Man-Hour Production, and total production 
for at least one year if possible 


Production m Boerd-Feet per Mon-rHour 
7/7 
327017) 619) 12) 13) 14] 16) 16) 18) 19520 
18 | 19} 20] 21 122 |23/24|25}26 |27|28/294 
O [12] 13) 15] 16/17 | 18] 19] 20] 21 26 [27/26/29] 30/31 | 32/34 
[2a] o [14/15 [17] 18/19 28) 29| 31 [32/33/34] 36/37/38 
$ [27] © | 16117 | 18 | 20/20 |23|24|26|27|28/ 30/31 |33| 34/35/57) 38/40/4143 
[26] 0 [17 [19 [20 22|24| 25/27) 28| 30/32|33/ 36| 36/40/41 143/44) 46/47 
» [25] 31 | 33/35] 96] 38/40| 42/43/45]47/ 46) so|s2 
“a [24] [21 26128] 30 [32 [34] 36 [38/40/41 |43/45/47/ 49] 51 
o 33] 55|37/39|41 45/47] 49/51 /53]55/57/ 
224 O |24/ 26/29) 31 | 35/37/40 | 42 | 44) 46) 46) Si | 53/55/57/59/62 164/66 
211 | 35/35/38 |40/42|45/ 47/49] S2/54| 56/59/61 163/66] 68) 71 
20] |28| 33/ 35| 38/40/43] 45/48) 58/60/63 65168) 70/73/75 
19] | 32/3S/38|40 | 43/46) 48) Si |54/57| 70/73) 75/78) sre 
18] © | 31 | 35] 38] 40/43) 46/49) 56/6 | 64) 67/69) 72/75] 78) 61 
17] © 38/41 47/ So| 56] 59] 62/65/69] 71 | | 64187] | 94] 
16 | 0 | 36/40/43) 46/ 50|53/ 56| $9] 63/66/69) 73/76 | 79/83/86] 691 93/96/99) 
15] 0 |39]43|46/ 50/53/37 |60|64]67| | 74] 78/82 [96] 
Fic. 4 Bonus PERCENTAGES FOR STANDARD RANGE OF WASTE AND 


PRopvuctTIon 


8 Decide on bonus limits and construct bonus chart 

9 Prepare report presenting plan and calculation of result- 
ant savings, including forms and outline of clerical detail 
for calculations 

10 Maintain graphic chart of results. 


The above ten steps will be briefly described, except the first, 
which is obvious. 


2 Sranparp Net Contents 


The calculation of net sizes consists in determining the net 
length and width of each part and the thickness of the lumber out 
of which it is cut. This is then calculated in board feet. It will 
be noted that no variation is made for dressing to net thickness, 
as this of course is a factor of waste which cannot possibly be 
eliminated. Should a part be made from resawed stock, one-half 
the thickness of the unresawed lumber is used for thickness. If 
the part is bandsawed from a block or ‘‘nested,” the net contents 
of the block is figured and the contents divided by the number of 
parts obtained from the block. 

At the time the net contents are determined, it is very advis- 
able to set up standard rough-cutting sizes used for producing 
finished parts. Many plants allow as much as 2 in. length allow- 
ance and 1 in. width allowance. 

The following have been found to be very satisfactory minimum 
rough-cutting allowances: 


| 
” 
Eat 
Vs 
rere 
i 
3 2 |) 
& 
OS 
A 
4 ak 
} 
q 
f 
x 


56 TRANSACTIONS OF THE AMERICAN 8S 
Length: 
Longest dimension plus '/:in.: Use next higher ',s in. if not even 
Sths. 
Exceptions: 


Finished length plus 0 where rough cut-off length is accurate 
enough without later end trimming. 

Finished length plus */, in. on Linderman stock 14 in. wide or 
less. 

Finished length plus 1 in. on Linderman stock over 14 in. wide. 


Width: 

Ripping width (at rip saws or Lindermans). 

Greatest finished width of net block plus '/, in.: 
1 ‘yin. if not even 16ths. 

Bandsaw width: Single pieces same as for ripping. Nest size 
made up of size required for ripping 1 piece, plus net widest 
width of each additional piece nested, plus '!/, in. for each 
additional piece nested. 

Exception: If piece is routed to rip, sticker and shaper. 

Rough width = greatest finished width plus '/, in. (rip to sticker) 
plus '/s in. (sticker to shaper) = total of */s in. allowance. 

Exception: Rough size = finished size, where rough width only 
is required and one ripping or bandsawing makes finished 


Use next higher 


piece. 
Thickness: 
Not dressed, Dress 1 side, Dress 2 sides, 
Finished add add add 
thickness (allowance) (allowance) (allowance) 
0 1/s in. 3/16 in. 
0 3/6 in. 1/, in. 


Use next highest rough thickness of the following Standard 
Thicknesses: */s in., in., 1 in., 1'/¢ in., in., in., 
2 in., 2'/2 in., 3 in., 3'/2 in., 4 in. 

Exceptions: Be sure that the variety specified can be bought in 
the thickness desired. If not, use the next thickness or specify 
other wood. 


3 Maxe OppraTION ANALYSES OF CURRENT WASTE AND Pro- 
DUCTION 


Waste. Careful observation of each operation, and measure- 
ment of saw kerfs, estimates of average widths, lengths of material 
received at, and of product produced for that operation, will en- 
able, a fairly close estimate of current average waste percentage of 
such operation, and of the standard average waste percentage 
which it is possible to obtain. An illustration of such an actual 
test is as follows: 


Present Standard 


Per cent Based on rough Per cent Based on rough 
waste lumber intake waste lumber intake 
Per cent Per cent 
pro- pro- 
Based duction duction 
on received Based received 
intake from on from 
to this pre- intake pre 
opera- ceding Per to this ceding Per 
tion opera- cent opera- opera- cent 
Waste items tion waste tion tion waste 
Gang rip saw.... 15.0 100.0 15.0 10.0 100.0 10.0 
Cut-out saw..... 1.0 85.0 0.8 1.0 90.0 0.9 
7.0 $4.2 5.9 5.0 89.1 4.5 
Cut-out saw. .... 1.0 78.3 0.8 1.0 34.6 0.8 
End tongue saw.... . 10.0 77.5 S&S 5.0 83.8 4.2 
End-groove saw... .. 10.0 69.8 7.0 5.0 79.6 4.0 
Inspect. . can ab 2.0 62.8 1.3 1.0 75.6 0.8 
Re-end tongue. . 1.0 61.5 0.6 1.0 74.8 0.7 
Re-end groove. . 1.0 60.9 0.6 1.0 74.1 0.7 
0.5 60.3 0.3 0.5 73.4 0.4 
47.0 60.0 40.0 29.5 73.0 27.0 
27.0 
Possible reduction in waste............. 13.0 per cent 


Production. An analysis of current and standard rate of pro- 
duction per man-hour is made similar to the foregoing. On opera- 
tions which are not controlled by machine feeds it is necessary 
to make stop-watch time studies to determine the allowed unit 
time. 

The following is an example of such an analysis: 


SOCIETY OF MECHANICAL ENGINEERS 


Received 
from pre- 
ceding opera- After adding 
Based on intake tion to from 21.5 
Per cent make 1000 ft. per cent 
Per cent standard b.m. final edgings, 
waste production production to in. 
Gang rip saw........ 10.0 90.0 1370 1663 
Cut-cut saw.... 0.9 89.1 1233 1300 
Molder 4.5 84.6 222 1275 
Cut-out saw ee 08 83.8 1160 
End-tongue saw..... 4.2 79.6 1148 
End-groove saw 4.0 75.6 1091 
Inspect - 0.8 74.8 1037 
Re-end tongue ‘ 0.7 74.1 1025 
Re-end groove 0.7 73.4 1017 
a 0.4 73.0 1006 
Total.. — 
27.0 1000 


Pass Raw Lumber From Kiln Truck on Lumber Elevator and Gang Rip. 
1663 ft. b.m. at average 8 in. wide = 0.667 ft. wide 
Total length of boards = 1663/0.667 = 2495 linear feet 
Assume '/: go through twice = 1248 linear feet 


Total linear feet ripped = 3743 linear feet 

At 150 ft. per min. feed = 3743/150 = 24.9 min. 

3 men = 3 X 24.9 = 74.7 man-minutes 

Allowed time = 74.9/60 = 1.250 man-hours 

Allow 20 per cent for loss in feeding = 1.20 X 1.250 = 1.500 
man-hours. 


Cut-Out Saw: 


Allow same time as for gang rip saw: 
1.500) = 0.500 man-hour. 


(1 man, therefore '/; x 


154155) 


30131 132) 33) 34) 35) 37) 39} ) 40) #1 | 46) 47/48) 49) 50} 5! 2 153) |59}60 
23130] 32) [33] 4) 38) 39/40/41 46 47/48/49) 015) 


++ + 
Falk 28) 30) [x 34 [37 39/40 43/44/45) 47/48 49/50/51 54/55) 7] 
+ 


[26] 27/28) 29) 30) 31/32] 36] 37]38)39/40 491 50/51 
29] 30) 31 | 36] 37138) 46/47/48] 49|50]51 
24) 25) (26) 27 35) 38) 33) Is 46/4 7/48) 49 52 [ss 
23] 24] [3 46 47/48 
91) 33134] 35] 36 4445/46/47] 481 49/5011 


+ 


2) [2] [33]34]35 46 


120/21 2324/25 | 32]33] 34] 35] 3637] 3839/40/41 1431/44/45 46/47/48 49 50 


21 22/23) 3031 | 36) 3738) [4243/44/45 46 47 48/49 


1819 21 32/33]34]35]36] [a2/43]44/45 46/47/48) 


Mot [19] [22] 25/26/27) ui] 1132] 33) [34] 38] 39/40/41 46/47 


[1/19 [20] 21 29/30/31] [32/33/34] [35/36]: 38/39/40/41 [42/43 /44/45/46) 
iS 06 [18] 24/25] 29/30] 31 [32] [42/43/44 
i415 19/20/21] [3 [32/33/34 35/3 (37 [38/39/4041 [42/43/44] 
13/14 115 (16 20) 20/21 23) 30] 31 34/35] 36]37 33/40/41 42/43} 
iz [13 20] 21 [22 [27 {32 36/37] 36] 39/ 40/41 
[i213 [05 | 6 | 20" 21 30) 3 [32133] 
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PERCENT OF STANDARD CLEARANCE OBTAIN 


Fic. 5 Resvuttant Bonus PercentTaGes FoR PERCENT- 
AGES OF CLEARANCE AND OF EFFECTIVENESS 


Molder: 

From above table, the molder received 27!/2 per cent more linear 
feet than finished production. However, it requires 207 board 
feet to equal 1000 linear feet of finished production. There- 
fore, total linear feet through molder = 1000/0.207 X 1.275 = 
6150 linear feet 

At 160 ft. per min. feed = 6150/160 = 38.4 minutes 

3 men (feeder, knife man, and leader) 

3 X 38.4 = 115.2 man-minutes 
Allowed time = 115.2/60 = 1.92 man-hours 
Allow 10 per cent for lost time = 2.10 man-hours. 


Cut-Out Saw: 
Allow same time as for gang rip saw, i.e., 0.500 man-hour. 


End-Tongue Saw: 

Total linear feet = 1000/0.207 & 1.09 = 5260 linear feet 

At average 4 linear feet per piece, the number of pieces cut is 
5260/4 = 1315 per ft. b.m. of production 

Feed logs per minute on chain feed = 52 

Minutes required = 1315/52 = 25.3 

Allow 50 per cent, whence 1.50 K 25.3 = 38.0 minutes 

Allowed time = 38.0/60 = 0.633 man-hour. 


End-Groove Saw. 
Allow same time as end-tongue saw, or 0.633 man-hour. 


| 
| | 
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Re-End Tongue: 

Allow 10 per cent of first tongue = 0.063 man-hour. 
Re-End Groove: 

Allow 10 per cent of first groove = 0.063 man-hour. 
Man-Hours per 1000 Ft. B.M. of Final Production: 


Operation Man-hours 
Pass and gang rip (3 men) ; . 1.500 
Cut-out saw (1 man)....... ; . 0.500 
Molder (3 men)....... : 
Cut-out saw (1 man) ; 0.500 
End-tongue saw (1 man) : . 0.633 
End-groove saw (1 man) ; . 0.633 
Re-end tongue. . eee 0.063 
Re-end groove... 0.063 

Total 5.992 
Allow 15 per cent.. . 0.900 
‘Total allowed man-hours per 1000 board feet. . . 6.892 


1000 + 6.892 = 145 approx. 
Board feet per man-hour = 145.0 
At 95 per cent, ft. b.m. per man-hour = 138.0 
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The standard crew of 20 received $505 as follows: 


1 assistant foreman... 32.50 
1 dispatch clerk..... ; 25.00 
9 operators at $26 each. . 234.00 
6 helpers at $20 each. . 120.00 
32.00 
1 sweeper. . 19.00 


20 


$505.00 


In some cases where there are two or more widely different 
products produced, it is necessary to make an allocation of equip- 
ment and men between the different products; for instance, in a 
commercial-fixture plant where the frames were built of soft 
lumber (hemlock) and the shells or outer cases of various hard- 
woods, two separate crews were set up for these two lines of prod- 
uct. Ina flooring mill manufacturing thin and thick flooring, it 
is also usually best to form separate groups for the two classes of 
product. 


THICKNESS 
BOMINAL GR. ACTUAL OR. 


| TALLY | 
AV, LBS. PER BD. FT. 


AV. 8D. FT.PER BOARD 


ALD | BAME OF PART 
FINISHED 8128 


DATE stupy 


ACTUAL LBS. PER M PCS. 


STD.NET BO.FT. PER PCS. 
DO. & UNAVOIDAELE 


~EST.AV, LENGTH OF LUMBER FT OVER ROS ABOVE PD 


VENDOR & CAR 


tine 


FULL MEASURE] TALLY PAID FOR 
. Bu. | | 


UNITS POUNDS 


no. 


Waste at 


2 
2 


“GANG HIP 


- 


DELIVERED TO 
Sawdust sade at Cang Pip See 
6 Waste edgings at Gang Rip Se ae 


9009 SCRAP 


|_9 SQUARES DELIVERED TO RIP STICKER 
Sawdust este at Rip Sticker 


-— 


 Saete edgings at Rip Sticker 


13 

is OSLIVERED TO DOWEL TURNER ae 
Shari etc. made at Dowel Turner 

T 

i216. 
ARES or ROUNDS DELIVERED TO CUT OUT Sau : 

out ous 


120 SQUARES of ROUNDS DELIVERED TO GANG CROSS SA® 


made Del‘'d. 


22 Waste ends 


23 _000D CULL PIECES 


$. 
33 Good PIECES PRODUCED 
2 


vA ine 4 12 & 23 


29 ACTUAL WASTE MADE(Jines 2 & 5 & 6 & 10 & 11 & 15 & 16 & 21 & 22) 


130 ACTUAL CONSUMPTION (Lines - 27) 
) 


Het (Line 25) 


4 27) 


Fic. 6 MimeoGrapHep-Form Recorp SHEET 


4 Ser Up Sranparp Group or MEN 


This group of men should be standardized in terms of the opera- 
tions and a standard hourly rate assigned to each. The number 
of men should be set in accordance with definitely made studies 
which will give the number of men which had handled the work 
at the estimated effectuality. 

In one plant where this method was applied the original crew 
numbered 37 and were paid $884.80 weekly as follows: 


In general, only waste makers and their immediate helpers or 
supervisors should be included in the waste group. 


5 Inrriate CurreENtT WEEKLY DETERMINATION OF PERCENT- 
AGE OF WASTE AND Boarpb Feet Man-Hovur 


After the standard groups are set up, current records should be 
established. In determining waste, an inventory is taken at the 
beginning of the period, intake of lumber is added, inventory at 
the end of the week is subtracted, and the difference between this 
figure and clearance, or production, gives the footage of waste 
which, divided by intake, gives Percentage of Waste. By divid- 
ing the clearance by the man-hours shown on the payroll for the 
group, the Board Feet per Man-Hour is determined. This is an 
additional check on conditions prior to the installation of incen- 
tive. 
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6 ComBInep WASTE AND Propvuction Trssts 


Waste Tests. There are several objectives in conducting waste 
tests, among which are the following: 


a Evidence toward decision regarding Average Standard 
Percentage of Waste which can be established 

b Effect on waste of lumber grades 

ce Effect on grade of yield of lumber grades 

d Evidence toward decision regarding Average Standard 
Board Feet per Man-Hour which can be established. 


Date Car 
From Cap 600 


2 
3 
4 


4/4” Nos. 1, 
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be run within a reasonable period of time, and the combined evi- 
dence is more comprehensive and accurate than with a few long 


Intake, withdrawals, production, and possible operation waste 
should be carefully determined during each test. 
record sheets may be varied to fit each individual class of product. 
Fig. 6 shows an example of a mimeograph form on which the 
original data are recorded in the shop and on which the computa- 
tions are also made, and the final result shown all on one sheet. 
The following shows an example of a summary of waste-test re- 
sults for the purpose of comparative analysis in a flooring mill: 


Kind of lumber 
ayer No. 1 Com. and No. 2 Com. 
No. 2 and No. 3 

Com., Pl. R. & W. O. Tie se 
4/4” No. and No. 2 C 


3 and § Gom., PLR. & 


Pl. R. & W. O.. 
4/4” No. 1 Com., 


Pl. R. & W 
Ww. O. Tie Siding. . 


4/4” No. 1 Com. and No. 2 Com. 


P. R. O. Outs. 


4/4” No. 1 Com., P. W. O. Rips 
4/4” No. 1 Com. Std. W. O. Gointed 


before measuring). . 


4/4” Nos. 1 and 2 Com. Qtd. Ww. O. 
(jointed after measuring). . : 
4/4” Nos. 1 and 2 Com. Qtd. Ww. Oo. 
(jointed after measuring)... 

4/4" a7 1 and 2 Com. Pl. R. & 


w. 
at Nos “1 and ‘2 Com. Pl. R. & 
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Usually it seems advisable to run waste tests on relatively small 
quantities of lumber in each lot, say, a few hundred feet, carefully 
measured and graded, so that the test may be completed within 
an hour or two. The results may not be as accurate as with 
longer tests, but many more tests, under differing conditions, may 


Fie. 8 Lumser Pite Recorp 
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The footage data are obtained by having scalers keep track of 
the lumber between the different operations on a lumber tally 
sheet. The man-hours are summarized from job time cards 
which are issued to the men bearing the proper test number and 
covering their time from beginning to completion of actual work 
on each particular test. It will be noted in the last column of the 
foregoing summary that the Board Feet per Man-Hour is shown. 


7 DererMine Past AVERAGE PERCENTAGE OF WASTE AND 
Boarp Freer per Man-Howr Propvuction 


Every possible effort should be made to determine past average 
waste accurately. If there are several waste groups and the past 
records do not permit of separation of these groups, then a total 
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The determination of Board Feet per Man-Hour can usually 
be arrived at by an analysis of the payroll, thus determining the 
number of man-hours utilized during the periods covered by the 
foregoing analysis of intake, clearance, and waste. Clearance di- 
vided by man-hours gives, of course, Board Feet per Man-Hour. 
When these figures have been finally determined they should be 
carefully audited by an official of the plant to be sure that they 


are agreed upon. The total consumption and production records 
are valuable data as a basis for estimating the resultant savings. 


Thickness 


Approximate No. of Board Feet Actual No. of Board Feet 
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KILN OROER 
Lumber Grade Thickness 


Approximate No of Board Feet Actual No. of Board Feet 
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Fie. 10 Orrice Recorp ror PerPeTuaL INVENTORY OF LUMBER 


(For MarInTarntnG Recorp or Cost AND QUANTITY) 
(Tumble turn; use visible index filing cabinets; cards, white, 5in. X 8 in.) 


waste for all groups combined should be determined. Usually 
based on such a combined determination, the individual waste for 
each group can be determined progressively by deduction. 

It is advisable to determine waste by past yearly fiscal periods, 
and two periods, each determined separately, are better evidence 
than one period alone. Also, a recent period of a few months 
since the end of the last fiscal year should be figured separately. 
Intake or consumption should agree with the purchasing records 
of lumber, even if lumber invoices have to be checked through in 
order to make a proper reconciliation. 

Total past production for each period may have to be deter- 
mined by adding together daily, weekly, or monthly production 
reports and converting by means of a standard net-content con- 
stants to reduce to the proper board-foot basis. 


KILN & MOISTURE RECORD 


Fie..11 Orper Form ror Lumser To Be Daiep ror PLant Use 


8 Decipe on Bonus Limits anp Construct Bonus CHart 


The relation between value of material and labor involved is 
usually six to twelve times as much material as labor, but it is 
obvious that this ratio cannot be used in setting up the bonus 
chart. It is usually advisable to pay a larger bonus for increasing 
production in proportion to saving waste rather than to relative 
value, in order to prevent the tendency of the group to concen- 
trate all efforts on waste reduction rather than on increasing the 
rate of production. In many cases it has been found that the 
ratio between waste incentive and production incentive should 
be about 2'/, : 1, rather than from 6 to 12:1. The formation of 
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DRY LUMBER NOT 
RESERVED 


Maa Mia, 


KILN 


AND SHED SUMMARY 


Grade Wood Thickness 


KILN INVENTORY 


SHED INVENTORY AND BALANCE DUE ON ORDERS 


INVENTORY WORK IN 


PROCESS DEPT. 2 DISBURSED 


LOAD BAL ANCE 


RECEIVED 
ORDER NO ON KILNS 


ON HAND 
SHEO 


BALANCE 
OVER 


RECEIVED | ON HAND 


FROM SHEOPN PROCESS QUANTITY ORD NO 


Fic. 12 


the chart itself was sufficiently described in the earlier sections, 
illustrated by Figs. 2, 3, and 4. 


9 PREPARATION OF REPORT OUTLINING PLAN 


The preparation of a report outlining the plan and estimated 
savings is simply sound engineering practice before the actual 
installation is carried on. This report, however, should also in- 
clude a definite layout of the methods required and forms for 
maintaining the proper records and the payment of the bonus. 


KILN AND SHED Summary Form 


The elerical detail needed to handle this method is very sim- 
ple, and in a good-sized plant should not amount to more than 
half a day of the time of one clerk each week. A specific example 
of the necessary records is given. 

In order that the records may be subject to the utmost verifi- 
cation, intake should be figured in terms of the footage of lumber 
actually bought. This is maintained simply, if the lumber re- 
ceived on each car is piled separately, or, where possible, directly 
on kiln cars. A carload of lumber can usually be split into 

about four kiln carloads. 


Inventory 


King 


February 9, 1926. 


The identification of these 
loads should be such that they 
can be checked back through to 


the original car and their total 
should equal the tallied footage 


paid for on that car. In other 


words, if the total of the lumber 


pled on a group of kiln cars 


equals the total footage pur- 
chased, and the intake into the 


plant is figured in terms of this 


footage, intake will ultimately 


be exactly equivalent to lumber 


purchased. 


Wastage, therefore, will in- 


clude yard and kiln shrinkage as 


well as manufacturing waste. 


Pres. Inv. 120,120 ft. 


In setting up the bonus stand- 
ards, however, the proper allow- 
ance can be made for this figure. 
On No. 1 common oak, 4/4 in. 


Fie. 13 Recorp or Work Process Inventory aT BeGcinninc oF Bonus Periop 


to 6/4 in. thickness, in the North- 
ern States this yard and kiln 


Kiad Prey. Pres. Prey. Pres. 
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CLEARANCE SHEET Orders from Dept. 2 


which, divided by the footage 
of intake, gives the percentage 


Date of waste. 


Index Amount Description Wood 


Finished Size 


The Board Feet per Man- 
Hour is determined by divid- 


ioknegsBd. Ft 


L. Used per Pc.) 


ing the clearance footage by 


Fic. 14 CLEARANCE SHEET 


shrinkage will amount to about 4 per cent if air dried six months. 

When lumber is received it should be graded and tallied by a 
lumber inspector, using a form of the general type shown in Fig. 7, 
and a pile record opened in the yard, using a form such as the one 
shown in Fig. 8. Such a form can be simply attached to the piles 
by means of a board covered with canvas, as shown in Fig. 9. 
This carefully identifies the lumber with the proper car in the 
lumber yard itself, and the office record of lumber and its origi- 
nation and disposition can be maintained on a form such as shown 
in Fig. 10. 

When lumber is to be dried for plant use it should be ordered on 
a form such as shown in Fig. 11. This not only orders the lumber 
into the kiln, but provides a slip for identifying a sample taken 
from it for the necessary moisture test and a form for recording 
such test. The control of the lumber while being dried, or in the 
tempering sheds after drying, should be handled on a properly 
designed form, an example of which is shown in Fig. 12. 

By means of such a form 


the number of man-hours shown 
on the payroll for the cutting 
department for the bonus 
period. From these two fig- 
ures, of course, the bonus is 
read directly from a bonuschart 
such as that shown in Fig. 4. 


10 Marntain Grapuic CHarr 


oF RESULTS 


Fig. 16 illustrates a graphic 
aart of results which should 
be maintained. This allows 
tendencies to be recognized 
and is a guide to prevent 
back-slipping. It should show 
a gradual improvement for 
three or four years, when the 
ultimate benefits should be realized. 


NECESSARY STEPS TO BE TAKEN BEFORE INSTALLATION 
IN SOME CASES 


SELECTION oF Proper GRADES OF LUMBER 


While the foregoing tests are being made in some plants, it will 
become obvious to the trained woodworking engineer that the 
product could be produced more cheaply by using different grades 
or assortment of grades of lumber. In any case, the standard 
assortment of grades should be defined. An example of a set of 
lumber specifications for one plant is as follows: 


Quartered White Oak 


Firsts and Seconds specially selected for light color, all well-figured 
stock, free from mineral streaks, coarse grain, worm holes, pink 
flakes, and sap. All stock to be well dried and the moisture content 
not to exceed 20 per cent. 


a true record of the lumber 
in terms of purchase footage 


is maintained, and the “dis- Wood 
bursed” column of Fig. 12 for 

a bonus period shows the In- 

take. At the beginning of each 

bonus period an inventory is Kia Output 


taken of work-in-process and 


recorded as shown in Fig. 13. Present Inv, (Shed) 


The inventory taken at the 


beginning of the next bonus Previous Inv. (Shed) 


period, of course, shows the 


inventory at the end of the Diff. Inv. Shed Add. Door. 


prior period. A record of the Diff. Inv. Snead Suds. Inor. 


Clearance, or production, is 


maintained on a form similar to Adjust. Intake thru Shed 


that shown in Fig. 14. 


From the figures of intake, Net Intake 
clearance, and inventory foot- 
ages, obtained from the forms Cleasance 
shown in Figs. 12, 13, and 14, 


the waste computation sheet, 


Fig. 15, can be worked out. 
This gives the footage of waste, 


Fie. 15 Lumper Wastes Computation SHEET 
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PER CENT 


PER CENT WASTE 


KEY 
Av Fast 5 Wks. 
Week 


$2 


3 


PRODUCTION IN 
BD FL PER MAN-HOUR 


310 


T 


seo 


KEY 
—— Av Past 5 Wks. 
—— This Week 


PER CENT BONUS 
(Waste Production) 


NET SAVINGS 


Cumulative Net Saving and Bonus Paid 


PRODUCTION 
THIS WEEK 
Int FEET B.M. 


CUMULATIVE NET SAVING 
& WASTE - PRODUCTION 
BONUS PAID 


KEY 
Curnulartive Met Savit 
since 052 


Li 


Borus 
since Nov. 23 


Week Ending { 


219 2&2 9 6 2330 6 13 20276 Ss 20 27 3 20 27 4 II 18 26 
Dec. Jan. Feb. Mar. Dec. 
1926 
IM. SQUARE-EDGE STRIP GROUP 


Fie. 16 Grapaic Caart or Resctts Wuich SHovtp Be MAINTAINED 
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Poplar but it will ultimately save a great deal of waste and conserve the 
No. 1 Common and Selects, free from dark mineral streaks and Jumber supply of the country. In several plants studied a 
black stain. marked saving has resulted from purchasing 10 to 25 per cent of 
Mahogany the lumber on special grade. Usually this costs but about 10 per 


Firsts and Seconds African, all ribbony-figured stock, end-grain 
stock not allowed. 


Chestnut 

No. 1 Common and better, sound wormy. 
Quartered Red Gum 

No. 1 Common and Selects. 
Sap Birch 


No. 1 Common and Selects. On 5/s-in. Birch, 10 per cent of Firsts 
and Seconds and 10 per cent of No. 2 Common acceptable where 


cent above regular grade, and often results in a saving of twice 
this amount. 


LumBER YARD AND KILN DryING 


It is a well-known fact that considerable wastages of lumber can 
be caused by improper piling and kiln drying. Fig. 18 illustrates 
a method of poor piling which is sure to result in misshapen, 
checked, stained, and decayed lumber. In the cutting room it 
means excessive waste due to long end trimming, thick edging, 
heavy surfacing, etc. While a great deal could be said regarding 


necessary. 
Crating Lumber 
l-in. X 4-in. No. 2 Common and Better Short- Z Fr or MILL LABOR VARO® | TOTAL COST 
Leaf Yellow Pine D2S to in. square-edge soft- SP GRADE 
texture stock, random 10- to 16-ft. lengths, air dried. “on tatty | “wsaBLE Tan 
l-in. X 4-in. Rough (all D2S to full in.) resawn BASED ON ae 
by thin band resaw, figuring on at least 7/1. in. thick- | UNAVOIDABLE) 
ness on thin measure, No. 2 Common and Better Yel- enaces 3 mar ened 
low Pine, air dried. SP 
Where we purchase North Carolina Pine, we specify | 
No. 1 North Carolina Pine Box, which is the equiva- TALLY | TALLY Luneet 
lent of the Southern Pine Grading Rules for No. 2 
Common, air dried. FaS | 0 | 1150] 1150 4023/73 
Veneers “iC HIT 10622| 7322 
Oak: */iein. and '/2-in. Quarter-Sawn White Oak u 
Veneer 8 in. and up wide, specially selected for 5 [1168 Hitt Li 
color; all figured stock; free from mineral streaks, #2c | 9 11173 | 1079 75.28) 712 
coarse grain, and pink flakes; moisture content to be = 
not more than 10 per cent. 10 | 1183 | 1076 7 
Mahogany: 1/\¢-in. Sliced African Mahogany Veneer 15 11188 | 1031 694 
all ribbony-figured stock, end grain not allowed nor 
pinholes. 20 {1200 | 1000 6gu 
Rotary-Cut Gum or Poplar: All one-piece stock, no 
knots or imperfections, well machined, cut squarely 25 1214 970 67% 
and accurately with sufficient allowance for redrying; = 
moisture content not to exceed 15 per cent; flat and 30 [1226 | 943 6¢ 
securely crated, each crate properly marked with 4011250} 893 64m 
quantity and sizes, grain to run in direction of last 
dimension. 50 |1272 | 848 63*° 
General 60/1280} 800 61 
It should be specified for all of the above that the 3930] ae} 1328 | 2882] 6722/ 6022 
thickness called for must be full in every case. Any 70 [1305 | 769 | 233 | 300 | 39 
stock received not up to the specifications above laid 80 | 1314 | 730 | 239 | 37.0 ~ 30%] 7314) 2683 598 
down, will be rejected without adjustment and stock ~ a8 2 
returned at the expense of shipper who will also be 100} 1333| 666 | 250} 500 28%) 138 2 | 29 
charged for cost of handling. 12011348|613 | 258/630 250211322 | 1628 | 2988 5538 
When it becomes evident that a saving could 140] 1370| 57! | 27.0 | 75.0 24% | 1372 | 1635 | 30.28 54s 
be made by changing grades, a series of tests 150| 1374 | 550 | 272 | 820 23 | 137+] 1642! 5324 
should be made by running through test lots of 
various grades of lumber and recording the result- Fig. 17 Errect or AveraGe 1923 Lumber Prices on Propuction Costs 


ant cost of lumberand labor. Fig. 17 is an illustra- 

tion of a table prepared from such a study. The plant involved 
was cutting a very small product. Therefore the result showed 
conclusively that the lowest grades of lumber were the most eco- 
nomical. In the average furniture plant, however, it is usually 
found that the lowest point will be an assortment of mostly No. 1 
Common and small proportions of Firsts and Seconds and 
No. 2 Common. 

However, a certain portion of the lumber for almost every 
plant should be bought on special grade. For instance, suppose 
a cabinet manufacturer has a large number of bed rails to cut 9 in. 
wide which must be solid. It stands to reason that he must have 
lumber of sufficient width to finish at least 9 in., and that lumber 
10 in. or 11 in. wide would result in long edgings which could not 
be cut back into any other part. In this case he can well afford to 
pay an upset price for a selection of special width lumber. Some 
of the lumber vendors are much opposed to this special grading, 


the kiln drying of lumber, both this and piling are really separate 
subjects. In the installation of a waste-conservation method, 
however, the proper yard and drying methods should be estab- 
lished before installing incentives. If conditions are poor at 
either or both of these points and are remedied subsequent to the 
installation, all of the incentive rates would have to be revised, 
as waste would decrease and production increase without effort 
on the part of the workers. 


Saw Kerr 


“Production and Use of Small Dimension Stock in the Chair 
Industry,” which is a very careful study of the subject, states that 
the unavoidable loss of material in kerf at the cut-off saw varies 
from 0.4 to 1.2 per cent, and at rip-saw from 7 to 13.5 per cent. 
The author's observation has been that kerf will aggregate from 
8 to 12 per cent in a plant, increasing of course as the cuttings are 
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smaller. Very little has been done to develop thin saws for 
cutting off, but the use of band saws in place of circular saws at 
the ripping operation will reduce the kerf from 30 to 50 per cent 
over the use of circular saws, as a 14- or 15-gage band saw will 
replace a 7-gage circular saw. 

Swage or set of band saws must be carefully watched. If less 
swage is used but the saw swaged more frequently, kerf is reduced. 

One of the most profitable ways, however, to reduce saw kerf 
is to cut originally to finished size whenever possible. If this 
matter is carefully studied it will be found that fully 50 per cent 
of the product of the average case-goods plant can be cut to 
finished size at the first cut-off and ripping operations without 
finish-sawing, although in many plants most parts are cut to 
finished sizes after rough-dimension cutting. 

Use of fine-tooth saws for ripping frequently eliminates the 


t 


Fig. 18 ,.Metruop of Pitinc Sure To Resutt MISSHAPEN, 
CHECKED, STAINED, AND DECAYED LUMBER 


necessity for knife jointing prior to gluing and saves knife kerf, 
which is usually greater than saw kerf. 


Bonus For GRADES 


In some plants, notably flooring mills, several grades of product 
are produced contiguously from the same lumber. It is naturally 
obvious that the greatest possible proportion should be made into 
the higher grades. To accomplish this a grade-raising bonus is 
often set up which is added to the regular differential bonus for 
decreasing waste and increasing production. A grade-raising 
bonus is usually measured by the “Sales Value Produced per 
Dollar of Lumber Used,’’ determined monthly from the monthly 
records as follows: 


Sales Value Produced = 


Dollars 


Sales Value Produced per | _ Sales Value Produced 
Dollar of Lumber Used { ~ Cost of Lumber Used 


An example of such a bonus table is as follows: 


Sales value produced 
per dollar of lumber used Per cent bonus 
Below $1.70 None 


$1.70 


Sq. Ft. Produced 


Actual Sales i 
Sq. Ft. Sold < Actual Sales in 


o 


1. 
1. 
2. 
2. 
2.20 
2. 
2. 
2. 


PLANNING CUTTING ORDERS 


Another subject which requires the knowledge of a trained 
woodworking engineer is the setting up of the proper assortment 
of cutting orders. In many older plants it is still the custom to 
cut all the necessary parts for an assembly at a time, regardless of 
whether these parts properly utilize lumber or not. This is a 
practice which is as antique as the use of illuminating gas in a 
factory. For the proper utilization of lumber and cutting labor 
it is absolutely essential that current orders and stock orders be 
so analyzed and grouped that an assortment of parts of a certain 
size, grade, and kind of lumber be ordered to utilize to maximum 
advantage the unit of lumber, usually a kiln car, which is brought 
into the factory. While some old-school woodworkers may say 
this is impossible, the author has seen this satisfactorily operated 
in the manufacture of practically every type of woodworking 
product, including plants operating entirely on special products. 
Not only does this allow the lumber to be cut to maximum utility, 
but the labor saving in reduced handling of lay-offs and cut-backs 
is tremendous. 


INSTALLATION OF THE METHOD 


The first step in the application of the method is to notify the 
workers. This may be done by either posting a notice or placing 
a notice in the previous week’s pay envelope. 

An example of such a notice is shown as follows: 


To the */\e-In. Square-Edge Strip-Cutting Group: 

Starting Monday, November 23, 1925, a weekly bonus will be 
paid for reduction of waste, when combined with an increase of pro- 
duction per man-hour worked. 

The bonus will be paid in addition to regular wages, as a percentage 
of wages. The hours used include the time on all operations from 
jointing to cut off, inclusive, when producing */:ein. Square-Edge 
Strip. 

The bonus starts when the cutting group, as a whole, reduces 
waste to 37 per cent and increases production to 26 Board Feet per 
Man-Hour. The chart which shows the percentage bonus paid is 
on file with the foreman, who will be glad to explain the whole plan 
to the group. 

Furthermore, an additional ‘‘Grade Raising’’ bonus will be paid for 
increasing the ‘Sales Value Produced per Dollar of Lumber Used."’ 
The amount of this bonus percentage will be determined from the 
monthly sales of all kinds of flooring. The chart for this bonus is also 
on file with the foreman. The way to earn the grade bonus is to 
be careful in cutting and to lay out material that can be used in 
higher priced products. 

A real effort on the part of each employee to save waste, increase 
production, raise the grade, and help every other employee to do the 
same, will result in substantial increases in earnings and reductions 
in costs. The management will cooperate in every way possible to 
attain both these ends. 


Co. 


General Manager 


In addition to this, the factory superintendent and installing 
engineer should personally explain the method to the foreman and 
all workers in the department. When the actual method is 
started the installing engineer should work with the men for a 
period of at least one or two months, explaining, illustrating, and 
enthusing them. It is naturally obvious that the engineer must 
be a practical woodworker to be able to accomplish this. He 
should also personally check all bonus and pay calculations, thus 
training the clerical personnel and see that the graphic record is 
properly posted. 

RESULTS 

The results of this combined production-yield group bonus in 
several major industries are tabulated. All of these results are 
derived from actual installations and extend over periods from six 
months to six years. 


de 
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Original Standard Achieved —Board feet (net) per man-hour—. 
waste, waste, waste, Original Standard Achieved 
Product per cent percent per cent produc- produc- produc- 
Library and office equipment.... . 47 20 23 ton tion tion 
49 30 35 Library and office equipment... 13 26 20 
Kitchen cabinets................ 23 19!/, 20 Battery boxes. . 21 45 40 
Children’s blocks, ete............. 36 20 25 Kitchen cabinets. . 51 60 57 
&3 68 Childrens blocks, ete 20 51 27 
Commercial fixtures ee ; 41 32 34 Saw handles....... 5 12!/; 10 
Oak flooring... . ; ae 40 24 30 Commercial fixtures 22 110 100 
Auto bodies = ape 44 37 35 Oak flooring....... 25 52 32 
Auto bodies. . 33 66 65 
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American Markets for Tropical Timbers 


Need for Determination of Supply, Laboratory and Fabrication Tests, Determination of Log- 
ging and Transportation Problems, Commercial Milling, Seasoning, and Introduction of 
Manufactured Lumber, and of Government Protection Through Commercial Treaties 


By H. M. CURRAN,! RALEIGH, N. C. 


high in price, which is equal in effect, as it restricts their 

use. This increase in price results in the use of substitutes; 
that is, lower-priced woods are used. Pine was substituted for 
ash and oak for agricultural implements, oak replaced hickory 
for handles, and various other woods replaced yellow poplar and 
basswood, when these woods reached high price levels. 

It is possible to raise in the region between Maryland and 
Texas enough of all the commoner hardwoods to supply our 
industries for all time, but grades and qualities comparable 
to those to which the trade has been accustomed will never be 
grown again. These crops took from 200 to 500 years to grow. 
Timber crops to be economical must be grown in a comparatively 
short time (50 to 100 years). It is probable that future timber 
crops grown in the South will be under 50 years of age when 
harvested. The woods we shall grow will be of comparatively 
small size and largely sapwood. Wide boards with fine grain 
and the characteristic heartwood of old trees must be secured 
from old stands in other parts of the world by those who demand 
this class of wood. 

Whenever presented at reasonable prices, this quality of wood 
will be utilized by a certain group of industries which demand 
special woods of a particular quality. 

This, in brief, is the condition of the trade today. Plentiful 
supplies of certain woods still appear on the market, but prices 
and quality are restricting their use. 


Orc high-grade hardwoods are becoming scarce, or 


Price Levets or Hicu-Grape Harpwoops Now Invite Svus- 
STITUTES 


For the first time price levels of high-grade hardwoods are high 
enough to cause the entrance of substitutes. Disk wheels on 
automobiles, steel office furniture, and steel window frames are 
indications of this change. Slowly but surely tropical hardwoods 
are also making their way as substitutes for our common woods. 
These are coming in quietly in increasing quantities, some on their 
own merits, and with distinctive trade names, but a larger 
number under assumed names of well-known woods. These new 
woods are often equal and are sometimes superior to the woods 
for which they are substituted. 

There is no question as to the quantity and quality of the 
commercial woods existing in the tropics, especially in tropical 
America and the East Indian Islands. We export our cheap soft- 
woods in considerable quantities to the coast populations of 
tropical countries. While some of this reaches the interior, 
the vast bulk of the wood used by the people of South America 
is cut from South American forests. Through my own ex- 
plorations, both in the East and in South America, I have been 
convinced that in both these regions there are unlimited supplies 
of the kinds of wood we need most. 

We must recognize that there is an abundant supply of these 
woods, and we must not close our eyes to the fact that ever- 
increasing quantities of it are entering our trade, coming to us 


1 North Carolina Department of Agriculture. 

Contributed by the A.S.M.E. Wood Industries Division and pre- 
= at a meeting in Grand Rapids, Mich., November 26 and 27, 

28, 


in a clandestine manner, often with an attempt to deceive or at 
least mystify the ultimate consumer. These woods are for us 
a definite problem, and it is sensible to take some precautionary 
steps in preparing for their certain entry. They are destined 
to play a very important part in the wood trade of this country 
and the countries of Europe. 

Our industries have continually reached out beyond our borders 
for their raw materials. The users of oil, rubber, tanning ma- 
terials, wool, cotton, hemp, vegetable fibers, etc. send to the 
most distant lands on the globe for their supplies. Our great 
industries, and those of Europe, send experts into all parts of the 
world to gather first-hand information as to the quantity and 
quality of existing products. These experts have also secured 
data on cost of extraction and transportation, and have studied 
import and export duties, which are so often the determining 
factors in the use of the desired material. 


Survey Neepep or Reaions Best Suirep To FurNisH Our 
Most-NEEDED SupPPLIES 


Our first step, then, in the study of tropical timbers is an un- 
biased survey of those regions which are best suited, all factors 
considered, to furnish us with our most-needed supplies. We 
might call these strategic points from which these woods can 
enter our markets with the least cost. 

This survey should extend over large areas in order to develop 
bodies of timber of sufficient extent to assure our industries of 
abundant supplies for reasonably long periods (twenty or more 
years). The knowledge that large areas of readily accessible 
timbers exist will go far toward convincing the trade that these 
timbers can be procured at prices free from the sharp fluctuations 
of a rapidly diminishing supply. There are bodies of timber in 
the tropics known to me personally which meet all these condi- 
tions. Iam certain that there are a large number of known areas 
now ready for commercial exploitation which could be organized 
for production in a comparatively short period. 

A curious fact in regard to tropical forest properties owned by 
Americans and Europeans is that the owners purchased these 
tracts because of the presence of one or more high-priced tropical 
woods such as mahogany, Spanish cedar, rosewood, etc. These 
woods occur in small quantities scattered throughout the tracts, 
a thousand feet perhaps to the acre, and are seldom found in 
quantities of over two to three thousand feet to the acre. Asso- 
ciated with these rare trees are billions of feet of little-known 
woods, the aggregate amount per acre often exceeding ten 
thousand feet. These little-known woods have qualities which 
exactly duplicate those of the woods most in demand by our 
industries. 

We have a parallel of this in our own logging history. White 
oak for tight cooperage was extracted from southern forests in 
advance of gum tupelo and common North Carolina pine. The 
same is true of walnut, black cherry, and yellow poplar. 

These abundant but little-known tropical woods present the 
next phase of the problem which confronts us. These timbers 
must be brought to the United States, their mechanical behavior 
determined, fabrication tests made, and their place in our in- 
dustry established before tropical logging will attract American 
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loggers. The future of these tropical forests as a source of world 
timber supply depends very largely on our study of these woods. 
This is not theory, but is based on personal experience covering 
a long period in Philippine forests. 


ImMPORTATIONS OF PHILIPPINE TIMBER 


Less than twenty years ago, probably not a single foot of 
Philippine timber entered the United States markets by direct 
import. The small quantity entering the European markets 
was of the very high grade used in furniture, for carving, or for 
art objects, and was infinitesimal compared with the quantity 
of timber cut and used by the native population of the islands. 

Today we import large quantities of Philippine timber. These 
woods are well known to certain channels of the American trade, 
and are entering in such large quantities and are of such high 
quality considering their price, that other hardwood importers 
have become alarmed and have recently induced the Federal 
Trade Commission to pass orders which they hope will curtail 
the use of these particular woods. 

These Philippine woods entering our trade in large quantities 
are not the principal timbers used by the Filipinos, but are tim- 
bers that were neglected and left in the forest when Ipil, Nara, 
Molave, ete. the woods they most prize, were cut for home use 
and for sale. The entrance of these woods into the world’s 
markets in large quantities is due to the work of Major Ahern as 
head of the Philippine Forestry Bureau and his corps of American 
foresters and American-trained Filipinos. Major Ahern with 
his staff carried on exactly the line of work I have here outlined 
for the study of tropical American timbers. Quantity and 
quality of certain tree groups were determined, their accessibility 
proved, and the cost of exploitation determined. These forest 
data were supplemented by fabrication tests, and West Coast 
lumbermen became interested and have established in the 
Philippines some of the largest and most profitable hardwood 
operations existing in the East. Their logging and manufacturing 
practices are modern in every respect. 

I personally know the above to be facts, for I cruised the timber 
ahead of one of the largest of these concerns, and have watched 
it grow during the past twenty years into a strong exporting house 
with a local Philippine business which compares favorably 
with that of the largest hardwood producers in the South. 

Having accomplished the first step and developed through a 
survey those bodies of timber necessary for the permaneuce of 
the industry, we are ready to consider the second stop in our 
research program. 


NEED or LABORATORY AND FABRICATION Tests OF TROPICAL 
Tuwsers SuITaBLE FOR AMERICAN USE 


Tropical timbers which we find in quantity, and which are 
apparently suitable to replace our own woods, should be brought 
to the United States and subjected to careful laboratory tests, 
and, based on their performance in the laboratory, further 
supplies should be secured and submitted to the wood-using in- 
dustries for fabrication tests, these tests to determine the diffi- 
culties to be overcome before these woods can take their place 
with the other common woods of commerce. Supplies should 
be secured in sufficient quantity to eliminate any doubt as to the 
suitability of the timber for the use to which it is to be 
put. 

The industries which will probably be most interested in these 
woods include the following: the automobile industry, the 
furniture industry, the manufacturers of interior trim, manu- 
facturers of flooring and veneer, tight and slack cooperage, ‘he 
wood turners, the railways, the creosoting plants, the manu- 
facturers of paper and pulp, and the chemical industries using 
cellulose. 
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EXpLorraTion, TRANSPORTATION AND HANDLING OF TROPICAL 
TIMBERS 

We have now mentioned two of the important steps in our 
research program, namely, to develop a body of timber sufficient 
to interest the industries, and to overcome the difficulties of 
fabrication. We now approach the other problem, the exploita- 
tion of tropical timbers, the transportation of these products 
to the United States, and their commercial handling in a manner 
that will not disturb the existing wood industry or necessitate 
setting up new trade channels. This is perhaps the most difficult 
feature of the whole problem, and calls for the careful study of its 
different features by business experts. 

This study must include the ownership of the timber land, the 
capital invested, the possibility of the present owners’ logging 
their land in such a manner as to satisfy American trade regarding 
the quantity, quality, and continuance of the log supply. This 
study should also include the desirability of installing American 
logging machinery and methods to assure quantity production 
and low logging cost. This has been accomplished in the Eas 
by American lumbermen, and their methods are rapidly spreading 
to other tropical areas, a very convincing example of the fea- 
sibility of using this type of logging in tropical forests. 

Having disposed of the logging problem, the question of ocean 
transportation must be solved. Low rates can be secured from 
the shipping companies if large continuous shipments can be 
expected from points accessible to craft of large tonnage. 


ComMMERCIAL MILLING AND INTRODUCTION OF MANUFACTURED 
LuMBER 

The next step is the handling of the logs through American 
mills and existing channels of the lumber trade to the industries 
consuming the timbers. There are today at the various ports 
of the United States, especially the southern ports, mills which 
are equipped to handle any kind of hardwood. It is through 
these existing mills that the tropical timbers should pass to our 
industries. A careful study of these mills should be made, and 
a group selected whose management will favor the handling of 
tropical timber. If this can be accomplished, all the problems 
of manufacture, kiln and air drying, and the financing of ship- 
ments can be easily solved. 

The manufactured lumber from these mills will flow through 
existing trade channels. The volume will at first be small, but 
with the growth of the trade the mills will profit from the manu- 
facture of these logs, and no body of opposition will develop in 
the hardwood trade such as we may expect if new trade channels 
handling only tropical timbers are created. 

The last and a very serious problem for solution is one which 
can be handled through government agencies. This is the 
problem of export and import duties, which can make or mar 
the industry, and can, if improperly handled, practically pro- 
hibit the trade. 

South American countries practically support their govern- 
ments through export and import duties. In times of stress 
these duties become so high, especially the duties on exported 
products, that it is no longer profitable to engage in their ex- 
ploitation. Careful study of this problem should be made, and 
trade agreements should be formulated for ratification between 
the United States and the exporting countries, to insure our 
industries that their supplies will not be cut off, once the trade 
is established. 

These, then, are the principal lines of our research. First, 
the determination of the supply; second, laboratory and fabrica- 
tion tests; third, determination of the logging and transportation 
problem; fourth, commercial milling, seasoning, and introduction 
through existing trade channels of the manufactured lumber; 
fifth and last, government protection through commercial treaties. 
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A Five-Year Program INpDICATED 


This is not a program of a few months, but must cover perhaps 
five years of careful study. It is work not for any one agency, 
or for a small group of trained scientists, but work which must be 
accomplished, first, by foresters, who will carry on the tropical 
explorations; second, by groups of engineers from the wood 
industries; and third, by groups of logging engineers with 
tropical experience, assisted by transportation experts. Ameri- 
can mill operators and experts of our lumber trade must solve 
the fourth problem, while the fifth is for the trade experts of our 
Bureau of Foreign Commerce. 

Only through the efforts of the members of this great Society 
can the desired end be accomplished. We are ready, if your 
members are willing, to forever leave the twilight of unscientific 
forest production and utilization and enter a new era where we 
shall no longer be forced to purchase forest products by a trade 
name without a guarantee of the mechanical qualities, an era 
that will bring to wood and its utilization the same intelligence 
which has so favored the use of concrete, steel, and a hundred 
other basic materials of our industries. The coming of this 
era will make it possible for every engineer using wood to specify, 
intelligently, with all the data before him, the quality of the 
wood he desires and must have for the structure or fabric which 
he is called upon to design. 

A great group of new woods suitable for all our industries and 
of a quality superior to any we have known awaits our hands in 
the tropics. We can classify them for the uses to which they are 
to be put. They may be known as woods for furniture, for finish, 
for construction, or for the chemical industries, rather than as 
ebony, mahogany, balsa, teak, rosewood, or greenheart. These 
names mean nothing to the engineer, but by completing the tests 
suggested the qualities of these timbers and their performance 
under mechanical stresses may be determined, and the various 
members of each group may be used without question for the 
fabrication to which they are fitted. 

I leave this problem in your hands for such action as you may 
determine. A fund of a hundred thousand dollars or more for 
the outlined research, should be obtained from the various 
industries now using wood. This research will mean the saving 
of millions of dollars to these industries in the future, and the 
conservation of our own fast-waning wood supply, and will in 
the end assure to our industries a plentiful supply of high-grade 
new timber. This will guarantee their continued prosperity, 
and by lessening the cutting of our young timbers will assure our 
industries of a continuous supply of these desirable and well- 
known woods. Pressure relieved at this time will result in large 
quantities of home-grown timber at reasonable prices, and of a 
better quality than we can now expect. The use of the timbers 
of the tropics will not injure the home industry, but will give us 
new supplies of virgin timber and conserve home supplies by 
allowing unhindered growth. 


- Discussion 


Joun L. Herzoa.? In this paper Mr. Curran looks to foreign 
countries to find a supply of wood which will last indefinitely. 
The firm I am connected with has been working for the past few 
years looking for a method of utilizing the waste as it occurs in 
the plant and has developed a method and machine for doing this. 
It is true you cannot take pieces of scrap wood and make a 
board which is as cheap as wood if you consider the width of 
an ordinary board, but for stock practically all lumber is used 
in panels greater than the average width of 8 in. It is in this 


* Vice-President, Herzog Furniture Co., Grand Rapids, Mich. 
Mem. A.S.M.E. 
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connection that this process works very economically. This ma- 
chine has been able to produce with one man as much core stock 
using wood waste as 12 men can produce using lumber. 

One of the strange things discovered in this process is a gluing 
of end wood. As you all know, it is hard to glue end grain to 
make a strong joint. In this machine there is a continuous 
press for gluing, and the pressure varies as the glue sets. There 
is more pressure at the beginning than at the end, and for some 
reason you get a joint with much greater strength. Theo- 
retically, as I see it, the press has a greater strength and pressure 
at the beginning of the operation, but so far my laboratory read- 
ings have indicated that the pressure comes nearer the center of 
the press. I would like to know if any one has had experience in 
pressing that way. It helped me in determining the exact de- 
tails that make this end joint stronger on this machine than can 
be done by hand methods. 


D. M. Marruews.* Iam in entire agreement with what Mr. 
Curran has had to say in his paper. I was in the Philippines 
with Mr. Curran when he was making those experiments and have 
spent some eighteen years in the tropics, part of the time as a 
forester in the employ of the Philippine Government, later in the 
employ of the British Colonial Government in British North 
Borneo, and later as manager of the largest lumber company in 
British North Borneo. I have therefore had considerable ex- 
perience in attempting to develop the forest resources of the 
tropics. It is a far ery from Grand Rapids to the various por- 
tions of the world where tropical timber is produced, and the 
average individual thinks that there can be little hope of our 
getting timber which will be suitable to the industries in this 
country from regions where timbers are quoted by the thousands 
of species per country. Such is not the case, however, and as 
Mr. Curran has pointed out, tropical forests, although more com- 
plex than those of temperate zones, still have the bulk of their 
commercial volume represented by a relatively limited number of 
species. I do not know that I will be able to add anything to 
Mr. Curran’s very able presentation of the case for tropical 
timbers, but if any questions have arisen in your minds which 
you would like to ask a man who has spent considerable time in 
the tropics I will be glad to answer them if I am able. 


Axe. H. Oxuotm.‘ I consider Mr. Curran a forester of 
outstanding ability, but I cannot reconcile the fact that a for- 
ester whose livelihood depends on the building up of domestic 
timber resources should advocate the importation of tropical 
woods, particularly for purposes where domestic woods would meet 
the need. Such a policy is bound to destroy the initiative of 
American timber growers in supplying the future needs of our 
people and industries. 

I have not had the long experience in the tropics which Mr. 
Curran has had, but from personal observation I know it is im- 
possible for American labor to compete with the forest workers 
in the tropics, who use fig leaves for clothing. 

I wonder if some of you are not considering our timber re- 
sources in the same light as ore, oil, and other resources which 
cannot be replenished once exhausted. If our timber resources 
were in this category, I admit that it might be a good plan to 
look to foreign countries for future supplies. 

In Mr. Curran’s own state of North Carolina the virgin forests 
were cut long ago, but nevertheless North Carolina is today show- 
ing some of the finest forests in the Union. These forests have 
come up largely without the aid of man. The results are en- 
couraging, and if those now working for the development of 


3 Professor, University of Michigan, Ann Arbor, Mich. 
‘ Director, National Committee on Wood Utilization, Department 
of Commerce, Washington, D. C. 
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tropical resources and the importation of tropical lumber would 
devote their energies to the raising of timber crops in this coun- 
try, much good would be accomplished. 

I notice in Mr. Curran’s paper that he recommends the use of 
tropical woods for ordinary construction purposes, railway uses, 
and so on. In other words, his recommendations cover the 
principal outlets for American lumber today. Personally, I 
am not afraid of the influx of tropical woods in this country, 
for the reason that we have already had sufficient experience in 
regard to their qualities to know that they are not suitable for 
all of these uses which Mr. Curran suggests. The Santa Fe Rail- 
way, for example, imported more than twenty different species 
of tropical woods for tie purposes some years ago, but the results 
were not good, and the Santa Fe Railway today is using American 
ties. 

Just to show how utterly absurd this craze for imported woods 
has become, I may mention that we are now importing wooden 
fences made of chestnut in France, and these fences are shipped 
all over the United States. At the same time we are confronted 
with the chestnut blight in this country, which in ten or fifteen 
years will have completely exterminated our available stands of 
chestnut timber. One of our important problems is how to 
utilize our own chestnut before the blight and decay kills the 
timber. We are also importing large quantities of pulpwood 
from foreign countries, in addition to more than 100 million dol- 
lars’ worth of pulp and paper; and at the same time the National 
Committee on Wood Utilization has developed the fact that 
more than 60,000 carloads of wood waste are thrown away at 
the plants of Virginia and North Carolina, not counting such 
wood waste as is used for fuel. Most of this wood waste can be 
used for pulp and paper purposes. 

In addition, certain sections of the South can produce pulpwood 
in from fifteen to twenty years; so why look to foreign countries 
for such material? If we cannot be self-supporting in regard to 
this item, there is very little hope for the success of forestry in 
this country. 

In regard to furniture, we have long had the distinction of 
possessing excellent furniture woods, particularly birch, oak, and 
maple. Perhaps there may be some justification for the im- 
portation of tropical woods for veneer purposes, where special 
grain and figure are demanded. These are small items, however, 
and play an insignificant part in our total importation of forest 
products. 

There is no necessity for the use of tropical woods, except ma- 
hogany, for other furniture purposes. If we advocate the im- 
portation of tropical woods to take the place of our own common 
woods, then we are stepping on the toes of one million men en- 
gaged in the lumber industry at the present time, and millions 
of other citizens indirectly deriving a livelihood from lumber 
operations. 

We must also consider that at present this lumber industry, 
which ranks among the most important in the United States, has 
practically no protective tariff. Lumber is on the free list, and 
for certain types of logs only a small duty is levied. Therefore, 
we are importing common building lumber running up into large 
figures, not only from Canada, but also from Europe. Such 
lumber is sold in the United States because the cost of labor in 
these foreign countries is generally lower than our labor cost. 
Everyone will agree that our timber is of better quality. 

I do not think that you gentlemen, as engineers, making your 
livelihood from the manufacturing of furniture and other wood 
products, would recommend a drive for the importation of 
foreign-made wood products; but your interest is intimately 
connected with the maintenance of an adequate and stable 
supply of timber, and for this reason it is your duty to encourage 
the growing of timber in this country by giving preference to 


American lumber, and thereby strengthening the position of 
our forest growers. 

I do not want to appear fanatical on the subject of imported 
woods, but I am disappointed to find an American forester more 
or less implying that forestry in this country is a bankrupt proposi- 
tion and advocating the importation of tropical woods for general 
purposes. 


Proressor Matrruews. Mr. Oxholm has put me in a posi- 
tion which I had hoped I would not have to take, namely, that of 
sounding the usual warning which most foresters seem to think is 
their duty every time they address a group of people interested 
in the uses of wood. The cry of the forester has been in the past: 
“You are destroying your forest resources! Cut down on the 
amount of timber which you are using!’ I was going to try to 
keep away from that statement and tell you that even though 
economic conditions in this country today are such that we are 
cutting out our hardwood resource at a much more rapid rate 
than it is reproducing itself, this does not so much matter be- 
cause we have a second line of defense in the resources of the 
tropics upon which we can depend until such time as we can fall 
back upon our third line of defense, which will be our planted 
timber crops of the future. 

Grand Rapids is one of the great centers of the world’s furni- 
ture-making industry. Its requirements for first-grade hard- 
woods constitute a considerable portion of the drain on our 
hardwood resources, which is something like four times its present 
replacement by growth. Mr. Oxholm has said that we can 
raise our own timber requirements within these United States; 
but.as Mr. Curran has pointed out, it will take us from fifty to one 
hundred years to do it—fifty years for small timber, one hundred 
years for medium-sized timber, and one hundred and fifty to two 
hundred years if you really want first-grade, large-sized stock. 
We are all agreed that we still want to raise as much of our timber 
as we can, but it is plain that our present supplies are not going 
to last until such time as we can again be self-supporting. Fif- 
teen to twenty years will certainly see the end of our supply of 
first-grade hardwoods. In the meantime what are we going to 
do? 

I have no quarrel with steel beds. I have no quarrel with 
disk wheels for motor cars. But unless we can assure ourselves 
of a continuous supply of prime-grade hardwood material we 
will see substitutes taking the place of wood, not only in beds 
in big hotels, but in beds in every home in the United States, 
and steel taking the place of wood in many other forms of imple- 
ments besides motor-car wheels. Are we then going to turn en- 
tirely to substitutes for wood until such time as we can again 
raise our own supplies? If so I am afraid the wood-using in- 
dustries will find it difficult to regain their position after sub- 
stitutes have proved their worth and got into their stride; and 
certainly the great industries which have been built up in Grand 
Rapids will have to close down for a period at least. What I 
would like to see the wood-using industries of the United States 
doing is building up their second line of‘defense by preparing 
to put into utilization for the benefit of the people of the United 
States the wood resources of the tropics. I would like to see 
them put themselves in a position where wood would never have 
to pass out of common use in the United States. I do not advo- 
cate for one moment letting up on our program of conservation 
or that we should rely permanently upon the tropics to supply 
our wood requirements, but I do think that we should face 
squarely the facts as we know them and plan to use the fast 
supplies of first-grade timber which are known to exist in the 
tropics as a stop-gap pending such time as we can again make 
ourselves self-supporting with regard to our timber require- 
ments. 
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ARMEN 8. Kurgan.’ Mr. Oxholm has said we cannot com- 
pete with them down there in the tropics because they do not 
wear much and do not need other things. But I presume they 
will want automobiles and other things. If they do, their labor 
will increase in price. 

I believe Mr. Curran has taken the lumber owners and pro- 
ducers or the forestry industry of this country more or less at 
their word. You remember the cry that is always put out by 
them and emphasized—that we are using up our wood, our forests 
are being depleted, and presently (without mentioning any 
particular number of years) our wood shall be exhausted. Then 
what? We shall have to find a substitute. Indeed, the steel 
industry, more ingenious possibly than the wood, has already 
seized upon that propaganda and are saying to everybody, 
“Save your forests—these wonderful trees. Use this steel as a 
substitute.” 

Mr. Curran has taken the stand that if substitutes are necessary, 
then let us be forehanded, let us do the same as we expect our 
government to do in designing and building warships, so that if 
and when we may have to use them, we will have them. If we 
may have to use tropical woods and if we now spend some such 
amount as he has stated—$100,000, although I think two or 
three millions would be more nearly the figure necessary for a 
thorough study and classification—then as we need these woods, 
we will have the information and can go after them and use them. 

It seems to me an industry such as the automobile body- 
building industry ought to have something to add to the discussion 
and say what woods they are using. I understand there is a 
certain turning back, as it were, of interest to wood bodies rather 
than metal bodies. Whether we have sufficient supply in this 
country and are looking into the supplies of tropical woods might 
be of interest to the automobile industry. 


Pau. H. Bi.nvuser.* | listened with interest to Mr. Oxholm’s 
statements. I have had engineers speak to me about what 
might be called the finer species of woods; that is, woods with 
certain qualities such as are desirable in the manufacture of 
pianos, automobiles, or certain other wood articles. Their 
plaint has been that the qualities heretofore obtainable can no 
longer be found, or found with great difficulty—that price has 
become a very important factor and that the engineers using 
this material have been looking about for something equally as 
good at a lower price or on a more economical basis. 

In connection with that, substitutes immediately come to 
mind, but before the engineer considers substitutes, he says: 
“Where can I get material of this kind? If I cannot find it here, 
will I have to go abroad?” The natural thing to do is to find your 
material wherever it is available. 

I have had one or two instances of that thing in our own 
company. A kind of spruce in a particular grade and quality is 
becoming exceedingly scarce. Because of its scarcity, the price 
has gone out of bounds of reason. It is a high-priced material. 
This particular spruce is used in sounding-board construction. 
We can make sounding boards of mahogany or of walnut cheaper 
than we can of spruce, but they have not the properties that 
spruce has. We looked around and said that we would have to 
go outside of this country in order to secure enough material. 

Since the last five or six years we have been importing wood 
from Rumania for that purpose—not our entire supply, but 
enough to give us the quantity we need. In a like way, at the 
same time, we have been exporting maple in certain grades and 
sizes to our European factory. 


*’ Sales Manager, Oliver Machinery Co., Grand Rapids, Mich. 
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The engineer is certainly up against it to find suitable material, 
and it seems to me the logical answer is to go out of the country 
to look for it, find it and use it. In what other way could a prob- 
lem of that kind be met but by going outside of the country, 
where you no longer find the quality or quantity? I think that 
point has brought about the research problem upon which the 
Society has attempted to do some work. We want to satisfy 
ourselves as to the quantities and grades and qualities of woods 
of the finer kinds, to see what resources there are. 

This interest goes further than that, because the engineer pos- 
sibly is not qualified to pass on problems of customs duties, 
forestry problems, things of that sort. But the engineer’s prob- 
lem has simply been one of finding the best-suited material, 
the best utilization methods, and the procurement of that material 
wherever it might be found. If some help could be given to 
the engineer, this problem could be solved from another angle — 
the finding of other woods available of little known species, some 
kinds of timber that have not appeared on the market, the 
quantities being limited. 

Mr. Oxnotm. Our knowledge of the qualities of various 
species is still very limited. I believe scientists have prepared a 
schedule showing thirty-six distinct properties, but in many cases 
we do not possess knowledge of more than eight or nine of these 
properties. The United States Forest Products Laboratory and 
other research organizations have worked on these problems for 
years, but it will take a long time to complete a knowledge of all 
of the properties of wood. 

In Europe it has been found that the better quality of sounding 
board, to which the last speaker referred, may be obtained from 
trees in certain parts of the Carpathian Mountains, in Rumania, 
and in certain forest districts of Switzerland. The trees grow 
in a belt extending from about 6000 feet to 8000 feet above 
sea level. 

Some have found that West Virginia spruce and, to some ex- 
tent, Pacific Coast spruce have been useful for sounding boards. 
It may be that when a better knowledge of other American woods 
is acquired other species will be used for this purpose. 

There is also an opportunity of treating wood, either mechani- 
cally or chemically, to bring out desirable properties for musical 
instruments. In Germany last summer I witnessed several ex- 
amples of such treatment of wood. Their limited supply of 
hardwoods has caused them to develop these processes. The 
woods are artificially colored, hardened, or softened. Most of 
the processes are post-war developments. For instance, there 
are three woods in the world which have been considered as suit- 
able for shuttles—namely, American dogwood and persimmon 
and South African boxwood; but, through a special process, the 
Germans are now successful in so treating almost any species of 
common hardwoods as to give them the desired hardness and 
specific gravity. 

While the requirements of tropical woods in the musical instru- 
ment industry may be, relatively speaking, small, we should not 
forget that a dependency on other countries for timber may bring 
about conditions similar to those we have witnessed in rubber, 
coffee, hemp, and other commodities where prices were artificially 
raised, thereby mulcting the American public to the tune of hun- 
dreds of millions of dollars per vear. 

So far as filling the gap between the time when the first signs 
of timber shortage appear and the harvesting of the first crop of 
our reforested areas is concerned, we must remember that we are 
today wasting nearly two-thirds of the standing timber and 
that a closer utilization of our timber resources will undoubtedly 
carry us over this period without much difficulty. The engineers 
of the country are playing an important part in remedying and 
improving this situation. 


Proressor MatrHews. I am quite in agreement with Mr. 
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Oxholm when he says that this country has a potential pro- 
ductive capacity which can, in the long run, meet all of our re- 
quirements for soft wood. I would, however, confine his some- 
what broader statement to the production of soft-wood timber 
only. I do not think that we will ever be able to compete with 
the tropics in the production of hardwoods, and I think that in- 
evitably as time goes on tropical woods will come on the markets 
of the United States, no matter how much we may desire to be 
self-supporting with regard to our timber requirements. You 
as timber users are going to be interested primarily in obtaining 
this materiai at the lowest cost; and if the tropics can supply us 
with suitable hardwood timber at reasonable costs, now that 
our own supplies are diminishing, you will buy this timber no 
matter who offers it to you unless protective tariffs are set up 
which prevent it from reaching you. ‘ 

Mr. Oxholm has indicated that if we rely on the tropics for our 
supply of hardwood in the future we may play in the hands of 
other nations which control the supply and be made to pay un- 
reasonable prices for the material which we seek, and has quoted 
as an example the recent British control of the plantation rubber 


industry. The reason that the British were able to control the 
production of rubber and make us pay some six to seven times 
the cost of production for our requirements was because we 
allowed them to become supreme in the producing field instead 
of developing ourselves our own sources of supply for at least 
a portion of our requirements. If we now, with regard to our 
future requirements of hardwoods, supinely remain in the posi- 
tion of consumers without endeavoring to control any of what 
must necessarily be, for a number of years at least, the main 
source of supply of hardwood timber, then indeed will we be in 
danger of having to pay prices for lumber imported which are 
out of line with production costs. Would it not be better for 
us to recognize the fact that tropical timbers are in the future 
going to come on the world markets and to start now in attempt- 
ing to learn something about them, their characteristics, the 
countries in which they are produced, the possibilities of exploi- 
tation, so that we can develop this tropical resource with our 
own capital and for the benefit of our own industries when 
our local supplies of hardwoods no longer suffice to meet our 
requirements? 
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The Coordination of Production and 
Distribution of Wood Products 


By CARLE M. BIGELOW,' BOSTON, MASS., anp THOMAS D. PERRY,? NEW ALBANY, INDIANA 


After noting that rarely have the qualities of attractive woodwork- 
ing craftsmanship and methods of aggressive distribution been 
found in profitable combination, the authors take up problems in- 
volved in production, dealing successively with sales-dollar analysis, 
labor utilization, material yield, planning and budgeting, and 
standard costs. They then consider the distribution of wood products 
and discuss respectively marketing the commodity product, selling to 
distributors, and marketing the style product. Following this they 
deal briefly with the coordination of production and distribution, 
and in conclusion point out the great demand at present existing 
for a transfer of some of the already achieved manufacturing skill 
into the merchandising field. 


as a profitable enterprise. While a considerable number 

of fortunes have been made in the woodworking field, 
yet in almost every instance they have been the result of profits 
made by shrewd and skilful buying and selling, or derived from 
the substantial enhancement of natural resources, such as timber 
lands and stumpage. 

It is only natural to inquire whether something is inherently 
wrong with the industry, or whether its participants have been 
less efficient than those in other industries. It is more than 
likely that part of the answer will be suggested to the readers of 
this paper. 

Many wood products have been unusually well designed 
and sturdily built, and some have been effectively merchandised, 
but rarely have the qualities of attractive craftsmanship, and 
the methods of aggressive distribution been found in a profitable 
combination. 

Engineers have, so far, found their principal opportunity for 
woodworking service in the realm of production problems, but 
the time has now come when the same methods of scientific 
analysis that have yielded such gainful results in the factory 
must be devoted to securing similar gains in distribution. The 
underlying principles are similar in both production and distri- 
bution, and the goal is the same: i.e., to purchase labor and 
material at a reasonable cost, and then to sell the result- 
ing product of such labor, material, and expense at a price 
that affords a legitimate return on’ the time and money in- 
vested. 

This situation therefore lends particular interest to the engi- 
neering coordination of production and distribution in the wood 
working industries. 


WV ait protiabiee G as an industry has rarely been classed 


Propvuction ProBLeMs 


Material, labor, and manufacturing expense are the three 
essential elements of prime cost in any factory product. One 
of the principal factors of industrial success is the effective 


‘ 1 President, Bigelow, Kent, Willard & Co., Boston, Mass. Mem. 
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? Works Manager and Engineer, New Albany Veneering Co., 
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control of these three cost elements within such limits as will 
leave sufficient margin for adequate and effective merchandising 
methods. 

Sales-Dollar Analysis. In analyzing the composite sales dollar 
of some eighty-one concerns, all of recognized standing in their 
industries, established at least twenty years and generally pros- 
perous during their business career, over a three-year period, we 
find the following result: 


Year 
1926 1927 1928 
Manufacturing costs: 
0.491 0.476 0.475 
Labor (direct)......... 0.182 0.180 0.179 


Manufacturing expense. 0.107 0.780 0.108 0.764 0.117 0.771 


Gross profit......... 0.220 0.236 0.229 


Ccimmercial costs: 
Selling expense......... 0.082 0.110 0.121 
Administrative expense. 0.054 0.136 0.058 0.168 0 056 0.177 


Operating profit... ... 0.084 0.068 0.052 


The last twenty years has been a period in which engineering 
attention has been especially directed toward the reduction of the 
unit cost of labor in the face of rapidly increasing wages and 
rising costs of living. This has resulted in a high degree of 
mechanization in industry, with a consequence that the physical 
tasks of workmen have been materially reduced and their mental 
faculties called into action. It is observable in the above tabu- 
lation that material cost (per sales dollar) is more than twice 
that of labor cost, and the manufacturing expense is approxi- 
mately half that of labor cost; hence the urgent need of more 
concentration against material waste or for higher raw-material 
yields. 

Labor Utilization. The progress in shifting the workman’s 
effort from that of his muscles to that of his brain has been 
brought about, in a large degree, through scientifically developed 
incentives that have kept pace with the improvements in the 
machinery field. Most of the earlier incentives were of the 
piece-work and premium-wage type, but more modern practice 
is tending strongly toward the group-bonus incentive, because of 
its urge for the teamwork of the group, rather than for individual 
proficiency. 

Material Yield. One of the most serious criticisms ever di- 
rected toward the woodworking industry is its failure to utilize, 
in finished products, more than one-quarter to one-third of the 
raw material existing in the tree as it stands in the forest. Part 
of this loss is in the primary conversion of the tree to the log 
and the log to the board, but a substantial loss still results in the 
purely factory operations of the conversion of the board into 
the final product for ultimate consumption. 

The above-mentioned concentration of attention on industrial- 
labor cost has increased waste ratios somewhat. It has been a 
popular but erroneous theory that it was more worth while to 
save time than to conserve wood. In other words, the greater 
productivity required of the stock sawyer to earn his bonus, 
the more careless he will inevitably become in discarding mediocre 
pieces of material that might, with a little labor, be usable. 
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The last five years have witnessed a new type of group bonus* 
in which the value of both labor and material are properly pro- 
portioned, and the workman’s bonus results from the combined 
savings of labor and material. 


type is shown in Fig. 1. 


The results of this combined production-yield group bonus in 
several major branches of the woodworking industries are tabu- 
All of these results are derived from actual in- 
stallations and extend over periods of from six months to six 


lated below. 


years. 


Product 


Library and office equipment... 
Battery boxes 
Kitchen cabinets.............. 
Children’s blocks, ete 
Saw handles 
Commercial fixtures 
Oak flooring 
Auto bodies 


Library and office equipment... 
Battery boxes 
Kitchen cabinets 
Children’s blocks, etc 
Saw handles 
Commercial fixtures 
Oak flooring 
Auto bodies. . 


Planning and Budgeting. The 
quality and size of lumber or other raw wood material used has 
led to the fallacious conclusion that it is more difficult, if not 
impossible, to plan and predict material-cost allocations in 
woodworking factories than in industrial establishments, using 
such manufactured raw materials as iron, steel, or paper. 

As a matter of fact, planning and budgeting are even more 


* This plan was originally presented by C. M. Higelow to the 
in 1922. See MecnantcaL ENGINE®RING, January, 


A.S.M.E. 


1923, p. 42. 


TypicaL Bonus CHART 


Original 
waste 


47 
49 


Original 


13 
21 


Standard 
waste 


26 
45 
60 
51 


121/, 
110 


52 


66 


A typical bonus chart of this 


Achieved 
waste 
Per cent—————. 
20 23 
30 35 
191/, 20 
20 25 
68 7 
32 34 
24 30 
37 35 


Standard Achieved 
production production production 
Board feet (net) per man-hour 


20 
40 
57 
27 
10 


100 
32 
65 


inherent variations in the 


permit dependable monthly statements 
of profit and loss. The standard cost 
is an indispensable tool of modern 
effective management. 

A typical monthly profit and loss statement, showing the 
above standard cost figures and adjustments, is shown in Fig. 2. 
A monthly cumulative statement is also required, of the same 


form as Fig. 2, but with monthly headings altered to “January,” 
STANDARD FORM 
of 
PROFIT AND LOSS STATEMENT. 
Actual Actual 
Budget January February 
Total Sales 000.00 
Less-Retins and Allowances 000.00 
Freight Allowances 
Total Deductions 
Net Sales 
Cost of Sales: 


| Standard Mfg. Cost of Sales te 

| Grose Manufacturing Prorit ° 

Stancard Commercial Cost of Sales aad 
Standard Operating Profit 


Adjustments to Actual Basis: 
Profit or Lose due to: | 


1. Purchasing Efficiency 000.00 
2. Effectiveness of Material 
Utilizetica 000.00 

3. Manufacturing Efficiency 000.00 
4. Volume: 

a. Production 000.00 

oglling 000.00 
5. Price Variation 

Total Adjustments 


Actual Operating Profit 000.00 


Other Income: 


Cash Discounts Received 000.00 
Interest Received 000.00 
Bad Debts Collected 000.00 
Dividends Received 000.00 
Miscellsneovs Sales 000.00 


Gain or Loss on Sale of ital 
Total Other 
Total Other Income and Profit BOO-00 
Other Expense: 


Interes* Paid 000.00 
Cash Discounts Allowed 000.00 
Pensions Paid 
Total Other Expense ° 
Net Profit 800-08 


Fie.2 Stranparp Form or Profit anv Loss STATEMENT 
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|someer 


city STATE 


ITEM v | BUYING FROM OPERATION ITEM | BUYING FROM | puRcHASES OPERATION 


ANNUAL 


FLUSH DOORS 


TOPS, MITRED 


X-RAY DOORS | 


TOPS, SPECIAL 


PROTEX DOORS 


COUNTERFRONTS 


| SPECIAL DOORS 


PARTITIONS 


PANEL DOORS ‘ ; TRIM 


CUSTOM DOORS 
PANELS, PLAIN 
PANELS, FIGURED 


PANELS. MARINE 


TOPS. PLAIN 


STATE GRIEFLY RESULT OF VISIT AND WAKE SUGGESTIONS 
FOR FOLLOW-UP AT HOME OFFICE IN FOLLOWING REMARKS 


| 


| 
| 
| | 
| 

| 
| 


Sed. 
(O DATE ASSIGNED TO \ 
2 = = = 
CONTRACT LET 19 | WORK BEGUN 19 | MATERIAL NEEDED i9 
O CLASS OF JOB 2 
OWNER ADDRESS caTaLoc 19 
ARCHITECT ADDRESS CATALOG 19 
= MILL ADDRESS CATALOG 19 
mie ADDRESS catatoc 19 
MILL DORESS TA 19 
O ° MILL ADDRESS ( catavoc 19 
- - - : — 
O CLASS OF JOB STATE 


FRONT 


Fig. SHEET 


“January and February,” “January to March,” “January to 
April,”’ ete. 


Propvucts 


The merchantable products of the tree that are recognized as 
wood (excluding chemicals, paper, pulp, and the like) fall into 
the following three general classifications: 


1 Raw Material. Logs, lumber, timber, ties, veneer, di- 
mension stock, ete., produced principally in standard 
grades and sizes 

2 Semi-Rew Material. Such as interior trim, sash, doors, 
machined parts for assembly, handles, plywood, packing 
cases, an’ the like, which require subsequent manu- 
facture or erection before reaching the ultimate con- 
sumer 


3 Finished Products. Mostly possessing style value and 
customer appeal, such as furniture, pianos, radio 
cabinets, home interiors, and the like. 


It is obvious that the methods of production and distribution 
in each of these three classes will be radically different as the 
manufacturing processes and resulting products run the gamut 
from the primitive rough woodsman in the forest to the refine- 
ment of the craftsman who puts his heart and soul into the beauti- 
ful inlaying of a cabinet, or the piano maker who transfuses 
his musical genius into the piano that he loves and caresses. 


Woop Propucts 


The distribution methods xcust range from a closely limited 
area for bulky products of low tonnage value, such as logs and 
lumber, to the almost unlimited area for art and style products of 
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high value, such as Grand Rapids furniture and Steinway pianos, 
which have a potential market all over the world. In general, 
however, the marketing or distribution procedure is of two general 
types, with a somewhat variable border zone between. These 
two types may best be called the distribution of commodity prod- 
ucts and of style products. 

Marketing the Commodity Product. The commodity type of 
product, such as logs, lumber, veneer, plywood, machined parts, 
and other raw and semi-raw material, are distributed through 
the regular trade distributer channels of wholesaler, jobber, 
broker, manufacturer’s agent, commission man, line yard, and 
the like. The products are controlled in quality and fully de- 
scribed by recognized standards of grading rules, sizes, species, 
and purpose for which used. Some of the material is of the 
warehouse type that must be maintained in centralized stocks for 


COVERAGE ANALYSIS 
MONTH OF 19 T ACCUMULATED TO DATE 
SALES % SALES 
OTENTIAL] ACTUAL |COVERAGE FPOTENTIAL] ACTUAL 


PRODUCT 


COVERAGE 


FLUSH DOORS 
PANEL DOORS 
PANELS 
TOPS 
PARTITIONS 
TRIM 


TOTAL 
REMARKS: 


STATE CITY STREET 


AGENT 


YEAR 


Fic. 4 Coverace ANALysis Form 


local distribution, and some is of the direct-delivery type from 
production point to consumption factory in carload and train- 
load lots. 

In general, it can be said that the character of these products is 
so thoroughly standardized that the manufacturer does not 
concern himself greatly about the need of training the distributer. 
In fact, the price margin to the distributer is so narrow that he 
serves almost wholly as a middleman and must, of necessity, 
handle large volumes at a slender rate of compensation. 

The functions of distributer training and development of 
product consciousness must be largely undertaken through 
groups and associations; in other words, mass training for 
mass distribution. 

Selling to Distributers. The methods of selling these com- 
modity products to a distributer have developed to a preliminary 
stage of standardization, and quite rightly so, since the cost of 
this distributer selling must be kept at a minimum. Space 
permits only the outlining of one of these approved methods. 

The first step is the intensive training of sales representatives 
through a sales manual, in order that the merchandise may be 
offered according to a standard sales presentation which con- 
forms to accepted standards of grade, size, and quality. This 
is the basic part of the presentation, to which must be added, 
however, especial emphasis on the inherent merit of the wood 
product offered, as well as strong arguments to support the higher 
class of artisanship and the efficient mechanical equipment used 
to manufacture this particular product for the market. A 
standard sales presentation does not necessarily mean, and in 
fact should not mean, that individual sales genius or personal 
initiative should be sacrificed, but rather that they should be 
encouraged and used according to the best known methods. 

One of the next steps is securing information regarding market 
coverage, and requires the development of a continuous market 


analysis. This is readily done by the salesman in the field 
through the use of continuous-market-analysis sheets (shown 
front and reverse in Fig. 3). These are usually of the visible 
record type, arranged by territories and by products, with 
the purpose of eventually indicating the anticipated territory 
absorption of the product and the degree of market coverage 
enjoyed by the company. Duplicate copies of this continuous 
market analysis permit a sales representative to have the personal 
use of a field copy while in the neighborhood, and facilitate the 
addition of accumulated pertinent information on the office copy. 
The coverage data are collected monthly and cumulatively on a 
form similar to that shown in Fig. 4. 

Such a continuous market analysis not only yields the ratio 
of coverage, but also serves as a foundation of the setting up of 
territorial sales quotas, which quotas, of course, should be reason- 
ably attainable with due diligence, and should be accompanied 
by adequate rewards when achieved. 

The use of continuous market analysis and sales quotas leads 
logically to a sales-compensation method, in which the sales 
representative receives a basic salary for family livelihood, 
together with actual costs of traveling in the territory. In 
addition to the salary and travel expense, there should be a 
bonus dependent on the percentage of quota accomplishment, 
number of new customers, profitability of orders, and other 
elements of desirability. Experience has indicated that this 
bonus, at quota-accomplishment point, should be approximately 
thirty-five per cent of the salary paid, or that the basic salary 
should be approximately two-thirds of the earning potentialities 
of the territory as well as the representative. A compensation 
curve of this type is shown in Fig. 5. 

In addition to the above modern methods of salary-expense- 
bonus-quota sales compensation, there are the usual forms of 
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fixed salary and expense, fixed salary and expense with a bonus 
above quota, and the straight commission plan in which the 
travel expense is expended by the salesman out of his commission. 
These latter methods are fast disappearing, as they lack effective- 
ness and do not stimulate sales volume nor properly reward sales 
activity. 

Marketing the Style Product. This type of product requires 
radically different merchandising methods from those described 
for commodity products, since the style product is not stand- 
ardized and the sales results are largely dependent on effective 
elements of artistic craftsmanship, effective product publicity, 
and customer appeal. The “spread” or margin for the distrib- 
uter, between buying cost and selling price, must be much 
greater than in the case of the commodity, and hence requires 
more careful consideration, in order to properly intrigue, culti- 
vate, and interest the ultimate consumer. 

Attention is called, under the commodity basis, to the fact 
that association standards and promotion methods for mass 
distribution were the best means available. In the case of the 
style product there is the conspicuous element of product in- 
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dividuality and personal appeal, and hence the effective sales 
method must be similarly differentiated. The training of dis- 
tributing agencies therefore becomes a highly important factor. 

It is not to be expected that distributing agencies can have 
the appreciation of product class, product artisanship, product 
merit, and product artistry, unless it is adequately and forcefully 
presented to them through an educative process by the manu- 
facturer. This training must not only develop an appreciation 
of product, but must definitely provide adequate promotion and 
trade extension methods for arousing and enlisting the customer 
appeal. 

The cycle of interest in the automobile is an example of this 
principle. As long as the auto was regarded as a pleasure 
vehicle, it expressed the appeal of the out-of-doors for families 
and individuals to enjoy a tour. At the same time, and for the 
reverse cause, the customer interest was diverted away from 
furniture and home equipment, and the family money or credit 
was used to buy new automobiles. With the present congestion 
of highways, the automobile has ceased to be a pleasure vehicle, 
and families stay at home from force of necessity. The simul- 
taneous development of the radio to its high stage of modern 
efficiency has brought about a strong second reason for staying at 
home. The average American citizen has consequently diverted 
his thoughts from seeing America in an automobile to that of 
enjoying America at home over the radio. Hence has come about 
the renewal of interest in the home and home equipment. 

The automobile and radio are only two of many factors to be 
considered in furthering the sale of furniture and home equip- 
ment. The important emphasis must be placed on focusing and 
holding ultimate consumer interest in better home furnishings. 
Trained and resourceful salesmanship will advantageously adapt 
all circumstances and opportunities into useful sales approaches. 

Another illustration of the necessity of arousing the customer 
appeal for a style product results from investigation into the 
selling methods of many old-established furniture concerns. Sales- 
men are usually trained to present to the dealer the splendid 
material, sturdy design, artistic craftsmanship, cleated drawer 
bottoms, five-ply panels (instead of three-ply), complete dust 
enclosures (back and bottom), and other distinctly utility and 
durability appeals. In other words, the selling procedure is 
largely one that should be applied to the commodity type, and 
is improperly directed toward the style product. 

The American public, at the present time, are not in the mood 
to buy for the sake of sturdiness, durability, and utility, but are 
strongly influenced in their buying motives by the emotional 
appeal as expressed in ‘“‘jazz,”’ flash, speed, color, luxuriousness, 
and “keeping up with the Joneses.” In fact, the jest, “Give us 
our luxuries, we can do without the necessities,’’ has become 
almost a truism. Furniture manufacturers have been both 
reluctant and dilatory in recognizing this mood of the buying 
public. 

The furniture manufacturers who are most successful today 
in the disposal of their produet are those who are teaching their 
salesmen to teach the retail furniture dealer to sell furniture 
not on the basis of solid construction, utility, ete., but upon 
the fundamental basis that the customer buys furniture not as 
an enduring monument, but for the beauty and utility it adds to 
her home. The properly trained retail floor furniture salesman 
today must be practically an interior decorator, who, carefully 
determining the buying capacity of his customer, by adroit 
questioning determines the conditions under which the furni- 
ture she is interested in is to be used, and then sells her the piece, 
or pieces, which will contribute best toward the creation of a 
beautiful, harmonious home. 

It is undeniable that selling of a style product for appearances’ 
sake may undermine the traditions of sturdy construction and 
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artistic workmanship that have built up a factory reputation for 
quality and durability. In the present market, however, such a 
reputation will not sell the product, and the manufacturer is under 
the necessity, if he would survive, of adjusting this manufacturing 
and merchandising program to modern buying conditions. There 
are many and persistent appeals for the customers’ dollars. 
The furniture manufacturer can only sell the dealer when and if 
the dealer sells the ultimate consumer. In order to successfully 
merchandise furniture today, the manufacturer must teach his 
dealer how to sell furniture in competition with other luxurious 
products, or, if the manufacturer distributes to jobbers, he must 
teach the jobber to teach the dealer how to sell a style product 
that appeals to the emotions and luxurious instincts, rather than 
to the principles of quality and durability. 

One highly important phase of style products is the value in- 
herent in trade and product names and slogans. The ultimate 
consumer may be lacking in style appreciation, as well as in 
knowledge of construction and durability, but he will inevitably 
place great reliance on trade names with established reputations. 

The marketing of style products is subject to many of the 
sales-method tools described for commodity products, but, 
in addition, demands the placing of definite emphasis on the 
training and education of distributing agencies. 


COORDINATION OF PRODUCTION AND DISTRIBUTION 


So far we have treated of these two subjects individually. 
That they are closely coordinated, however, will be obvious. 
The old method of merchandising was very largely responsible 
for the production problems of this industry. Distribution has 
stressed for several years as its principal selling points the ex- 
pensive material, expensive design, and high grade workmanship 
of the product. 

In an economic situation where prices have been steadily 
forced down, it is obvious that the effect of such merchandising 
methods has béen to directly diminish the profit margin, due to 
increased production cost. The salesman has maintained that 
he must have better design, better-made product, in order that it 
might be sold, and his selling tactics have been such that unless 
he had such a constantly improving product, it was practically 
impossible to consummate a reasonable volume of sales, and a 
falling profit margin was inevitable. 

The recognition, however, that proper merchandising of furni- 
ture is to cater to the eye and esthetic appeals rather than to 
utility enables marked economies of design and production to 
take place, with the result that a proper profit margin can be 
restored. In other words, unless production and distribution 
are closely coordinated with the one fundamental view of main- 
taining an adequate profit for the manufacturer, an unsatisfactory 
result will be obtained. It can furthermore be said that in 
fostering this new spirit of merchandising, the demands of the 
public are better satisfied, and the manufacturer can feel that he 
is properly serving them. 


CONCLUSIONS 


Many years of contact with the woodworking industry have 
convinced the authors that, in general, wood products have 
been more skilfully conceived and designed than they have been 
effectively and gainfully sold. There is a great demand at the 
present time for a transfer of this manufacturing skill into the 
merchandising field. Hence many engineers who formerly de- 
voted their time to industrial and accounting problems of the 
factory are now applying with even greater success the same 
scientific principles to the merchandising and distribution of the 
product. 

It is not reasonable to expect that even a well-made product, 
in the present buyer’s market, will be sold easily. There are too 
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many appeals for the customer’s dollar at the present time, and 
that dollar will flow into those channels that most effectively 
present their appeal. A manufacturer cannot hope to be either 
a manufacturing success or a merchandising success if his ability 
is in either direction alone. He must speedily build up his ob- 
vious shortcoming. True success in woodworking, in a broad 
sense, will only come to the man who understands and applies 
the proper principles skilfully to both good manufacturing and 
effective merchandising. 

Engineers of broad vision and genuine scientific spirit will 
welcome the opportunity to serve clients in the broadening field 
which includes both production and distribution. 


Discussion 


J.P. Krowsky.‘ Lumber used in the manufacture of furniture 
has been bought as rough lumber on grades, which would reach 
the manufacturer with probably 40 to 60 per cent moisture con- 
tent. The lumber was unloaded, handled through the kiln, and 
if it were */, or 8/, stock it would require from 30 to 60 days to 
kiln dry it. Soft lumber of ‘/, stock could be dried in less time, 
but such materials as oak, walnut, or gum in the heavier thick- 
nesses would require at least 30 days or more, governed largely by 
the moisture content when the lumber is received. After kiln 
drying, the lumber is handled into the factory, and in manufac- 
turing, experience has taught that for every 1000 ft. of net lumber 
which enters into the finished product, 1540 ft. would have to be 
cut. The excess 540 ft. is represented by the defects which must 
be cut out before clear lumber can be obtained for the finished 
product. On this 540 ft., which ultimately goes into the waste 
pile, the manufacturer is compelled to pay freight, handling 
charges in and out of his kiln, the expense of kiln drying, and the 
labor to put it through the cut-off and rip saws. The average 
time to manufacture dining-room furniture is approximately 90 
days or better, and when to this is added the 30 or possibly 60 
days of kiln drying, it is four, five, and sometimes six months 
before the finished product is ready for shipment after the lumber 
has been received. This method of production limits the turn- 


* over to two to three times per year, and during the time that the 


lumber is going through the kilns, and up to the time it is ma- 
chined, there is a large investment in lumber represented, as it is 
necessary to carry a considerable stock in addition to lumber 
carried in the kilns. 

Some manufacturers make a practice of using dimension stock, 
but it has been employed largely by those who manufacture 
occasional furniture such as radio cabinets or secretaries, which 
do not come in sets, and which are manufactured in large quanti- 
ties. In those cases the material employed is dimension stock 
which is dimensioned to the manufacturer’s net sizes. 

In applying dimension stock to the manufacture of dining- 
room and bedroom furniture, this procedure might create too 
much detail or too much handling of sizes, and when a pattern is 
discontinued the manufacturer might find himself stocked up 
with sizes which must be converted to other sources. To over- 
come this, the manufacturers of lumber should be induced to 
manufacture lumber in random lengths, deriving from the rough 
board the longest possible cuttings of clear lumber in random 
widths. ‘These lengths could be sorted and arranged in groups 
representing 6 in. between lengths. The lumber, of course, 
would be kiln dried before dimensioning so that there would be 
no kiln drying necessary with lumber which was received by the 
furniture manufacturer. In buying this lumber the furniture 
manufacturer will buy various lengths, limiting the number of 
sizes to 6 in. between lengths, and assuming that the average 
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manufacturer handles stock from 12 in. up to 84 in., it would only 
mean stocking 12 sizes of each kind of lumber. 

The first saving represented would be freight. As the lumber 
would be shipped kiln dried, it would represent a saving of about 
20 per cent in freight. The second saving would be that no kiln 
drying would be necessary, and in handling into the factories, the 
stock sawyer would draw from sizes closest to his requisitions, 
and would only equalize lengths which would not represent a loss 
of more than 3 in. per board, and if this loss is spread over the 
various lengths from 12 in. to 84 in. the percentage of loss in 
equalizing stock would not exceed 7 per cent. 

Storage space, of course, would be necessary to handle this 
material, but if the manufacturer were buying kiln-dried dimen- 
sion stock, the present kiln space would not be necessary, and 
could be converted into storage space. In handling lumber into 
the dry kiln it is all piled on sticks and spaced so as to permit air 
circulation, which would not be necessary in handling kiln-dried 
dimension, and would mean that approximately three times the 
number of lumber feet could be stored in the same space that is 
taken now to store lumber prepared for kiln drying. 

Under the present method where long lumber is employed, in 
order that it may be cut to advantage, it is necessary that the 
stock sawyer have before him as large a variety of sizes as he can 
handle conveniently, and it is usual that he is cutting on three, 
four, and sometimes five dining-room suites at one time. Even 
then, he obtains lengths of lumber for which he has no immediate 
requisition, and which he lays aside until he has requisitions on 
which he can use up such stock. As a result of this method the 
manufacturer has coming from his cut-off saws a mixed group of 
cuttings representing three, four, or five dining-room suites, and 
in order to keep the balance of his mill room in constant operation, 
it is necessary that the subsequent machines take the stock as it 
comes from the cutter. It consequently follows, that the ma- 
terial moves through the entire machine department in the same 
disorderly manner, and none of the dining-room suites are com- 
pleted until the whole group of cuttings has gradually worked its 
way through, and then there is delivered into the assembling 
room a number of cuttings within a space of four or five days, and 
then follows a period of two or three weeks where very little enters 
the assembling floor. If dimension stock were employed the 
cutter could draw from his stock all material required for one 
complete suite, and he would finish one suite before the next one 
were started. The material would move through the machine 
room in the same order so that instead of completing four or five 
suites in one group the machine department would complete one 
suite at a time, and the time required to go through the machine 
department would be considerably lessened. It would also make 
the handling of one suite very much simpler if it were kept to- 
gether instead of proceeding in the disorderly manner that is the 
result because of the necessity of cutting this lumber to advan- 
tage. 

Because it is not known when the cutting is started or how fast 
it will sell, it sometimes becomes necessary to push one cutting, 
that has been started at a later date, ahead of others, and when 
the machine floor is congested with a group of cuttings in various 
stages, it makes the foreman’s job difficult to sort it out, gather 
it together, and get it through his machines, as well as upsetting 
his schedule. Where dimension stock is employed, and the 
complete cuttings are kept together, it would be a simple matter 
to push one suite ahead of the other. It is also true that if the 
complete suite is kept together and reaches the assembling floor 
at one time, there will be no delay in the cabinet or assembling 
department because of some part which was late in coming away 
from the cut-off saw. 

Adequate bonus and premium systems have been devised 
which speed up the individual operation, and if the complete 
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suite is kept together, these systems can be made to work much 
more efficiently than they can on a congested floor. In many 
factories, foremen are either required, or prefer to check piece- 
work time tickets from their men, and this is principally done so 
that the foremen can keep track of what stock has passed through. 
This would not be necessary if each suite is kept together, as the 
foremen would know without checking up when the suite was 
completed, and he would not be required to do any clerical work 
which prevents him from giving the proper amount of attention 
to getting goods through. 

In buying dimension stock, the manufacturer is of course 
compelled to pay considerably more money than he does for 
rough lumber, but the principal object obtained by the use of 
dimension stock would be in taking away the time to kiln dry the 
stock, and to speed up the movement of furniture in complete 
suites which make it possible to produce the same amount of 
furniture in at least 60 days less time than it now requires. 

It is the writers belief that lumber manufactures should be 
encouraged to manufacture lumber in the maximum dimension 
lengths possible from the boards, and that the furniture manu- 
facturers should buy clear kiln-dried lumber instead of buying 
long lumber, and putting both time and money into lumber, one 
third of which never enters the finished product. 


Samuet S. Cook.’ Production problems seem to be more 
concrete and more adaptable to exact solutions. Over a period of 
time, therefore, they seem to be reducing in importance as com- 
pared to sales problems which hold a much greater amount of 
variable factors, particularly the human element. 


Sates ANALYSIS 


The analysis of the sales dollar of one organization compared 
to the composite results of a great number of organizations in 
different lines of the woodworking industry becomes of no par- 
ticular value since one is not comparing figures based on the same 
type of operation. 

A very interesting generality develops from the comparison of 
our own business and the tables given. The operating profit over 
the three brackets has reduced by the same amount each year. 
The operating profit in our own business has increased in about 
the same ratio relatively as is represented by the decreases shown 
in the table. 

This has happened during a time when the market value of the 
product has been steadily decreasing, and when the demand for 
the product has been declining. Our own business has gone 
ahead from the standpoint of volume, and with its manufacturing 
costs and commercial burden remaining practically constant in 
the face of a decreasing sales price, operating profits have in- 
creased. It seems that this is perhaps the greatest testimonial 
that can be given in support of the changes that have come into 
the sash and door or building woodwork industry as described 
elsewhere in this discussion. It appears as a creditable monu- 
ment toward better merchandising and selling practices. 

The general statements as to the relation of material to labor 
cost, and manufacturing expense to labor cost hold true in the 
industry, and have, of course, been given considerable attention. 


Lapor UTILIZATION 


Considerable progress has been made in the industry from the 
standpoint of improvement of machinery. Results from group 
bonus incentives have been satisfactory. In our own case, a 
production bonus system is used which may be most simply de- 
scribed as follows: 

For a number of years prior to 1920, an individual bonus sys- 
tem was in effect. based on production standards established by 
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time studies for each operation. Since that time, what amounts 
to a group-incentive plan has been adopted under which stand- 
ards are set up for each department expressed in abstract units, 
and dependent upon the number of man-hours in the department 
each month. To determine the overall plant efficiency, the 
departmental standard units are converted, by means of de- 
partmental constants, into a common unit which in our case 
corresponds to the standard production time for one common 
design of door. Quality as well as quantity is given a certain 
weight in establishing the performance of each department, and 
any credit memoranda issued because of sub-standard quality or 
errors are debited to the department at fault. 


MATERIAL YIELDS 


The problem of wastage of raw lumber is extremely important 
in our industry. It is said that the men at the rip and cut-off 
saws who develop raw lumber of different grades into cut stock 
for specific purposes are in a position to make or break a planing 
mill, particularly one running on stock production. That prob- 
lem certainly has the attention of our organization. Definite 
record is made of every carload of lumber, and the wastage re- 
sultant in the cutting of that lumber. 

There is a direct relationship between the sales end of the 
business, the raw-lumber purchasing department, and the cutting 
department. Below-normal sales of a certain group of commodi- 
ties in our operation is bound to result in an average of cut stock 
which normally would go into those particular commodities. 
This means increased inventory, carrying charge, and at times 
even confusion in the warehouse with its resultant problems. 

In going back into the files to secure some definite figures de- 
signed to illustrate improvement from the standpoint of waste 
percentage, the following table was developed: 


Year Thickness, in. Bd. ft. Percentage waste 
1924 All thicknesses 688,262 28.5 
1928 5/4 479,973 15.7 
1929 6/4 1,050,072 18.0 
1929 8/4 436,986 19.2 


Since the tests for 1924 were not run on exactly the same basis 
as they have been in recent years, the figures given for that year 
refer to all thicknesses of lumber cut during a given test. The 
percentage of waste attained in 1929 against 1924, even though 
the comparisons are not direct, indicates considerable progress. 

In comparing our wastage percentage with those shown in the 
table presented by Messrs. Bigelow and Perry, we would select 
librarian office equipment at 23 per cent, kitchen cabinets at 
20 per cent, and commercial fixtures at 34 per cent as most di- 
rectly comparable to the figures appearing in the table just given 
particularly when one considers that in those industries much 
good one-side lumber is admissible, whereas all our output must 
be clear. Scientific planning and budgeting has been a most 
important tool in arriving at known and reduced production costs. 


STANDARD Costs 


The statements made by Messrs. Bigelow and Perry under this 
subhead agree entirely with our ideas. The vast proportion of 
our output is of stock goods standardized as to size, design, and 
wood. However, there is a considerable percentage of special 
work run in the same plant both as to architects’ details or to 
stock details constant from the standpoint of design, but varying 
in size or in the wood from which they are fashioned. Our cost 
department must, of course, serve these two operations of quite 
different character. 

Standard costs, predetermining allocation of labor, material, 
and expense, hold the stock items under careful control, and an 
historical system, as we understand the meaning of the term, is 
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used only for those items that are extremely special in character. 

There are two items in the profit-and-loss statement submitted 
as Fig. 2 in the Bigelow and Perry paper on which we would like 
to comment. It is our belief that items of bad debts collected 
and pensions paid should not appear in the profit-and-loss state- 
ment as such. Charges to reserve to take care of these items 
should appear in the profit-and-loss statement. 

An opportunity is created for a possible bad debt when the sale 
is made. A certain percentage of the sale placed to reserve 
provides for the loss incident to the debt if and when it becomes 
bad. We do not see how these can be reflected in any current 
statement by reason of the fact that any considerable increases 
or decreases from the normal would throw the profit-and-loss 
statement entirely out of line. Provisions for bad debts created 
when the sale is made would, for arguments’ sake, take place 
today. That bad debt might now show up for some time to 
come, and all bad debts might be of cumulative nature, a great 
many of them have to be charged off in the current month. 
This would reflect an incorrect condition in the profit-and-loss 
statement. 

The same thing is true of pensions paid. A percentage of 
wages is set up to create a reserve from which pensions will be 
paid. The size of the pension reserve as well as the bad-debt 
reserve reflects exactly the situation as applied to those two items. 

We consider, therefore, pensions as a part of operating costs, 
and bad debts as a part of administrative costs. Here we, too, 
would like to inject the thought that a pension system has little 
value unless both organization and the individual contribute to it. 


Propwucts 


Just where the product of the Curtis institution falls in the 
classification made by Messrs. Bigelow and Perry depends very 
largely upon the viewpoint taken by the individual. Classifica- 
tion two, which includes semi-raw materials, interior trim, sash, 
doors, etc., certainly brackets our product from the commodity 
material standpoint. Curtis woodwork is delivered to the job in 
its natural state without filler or protective coats of any kind. 
It is practically ready for the painter’s brush. It is subject to 
painting and erection before it becomes a permanent part of the 
home of its ultimate user. 

It is natural to ask the question “‘Can an item of this kind in 
the natural wood possess style and beauty?” Can it have appeal 
that was so lacking in the products of the sash, door, and blind 
factory of two to three decades ago? 


DIsTRIBUTION OF Woop Propucts 


It is our belief that we have a combination of a commpdity 
product and a style product in our line. From the standpoint of 
the commodity products, let us suggest the doors, windows, and 
some common types of door and window trim. Let us suggest 
as style products mantels, unit kitchen sectional cupboards, 
corner china cases, entrances, certain doors, and certain types of 
trim. As Messrs. Bigelow and Perry have phrased it ‘‘We per- 
haps are in a somewhat variable border zone between the two.” 
We have then to deal with both commodity products and style 
products. 


MARKETING THE ComMopITYy Propuct 


Today unquestionably the vast bulk of doors and windows used 
in the United States follow the regular trade distribution channels 
of manufacturer to jobber, to dealer, to retailer, to consumer. 
In the woodwork industry these products are fairly constant in 
quality, and based upon recognized standards of grading rules, 
sizes, and species. This material is of the warehouse type. 
Centralized stocks must be maintained for local distribution by 
the jobber to the retailer, and the movement of this stock material 


to the jobber takes place in carloads, and from the jobber to the 
retailer through l.c.l. freight or truck delivery. 

It is true that in these instances the manufacturer does not 
concern himself greatly about the training of the distributor. 
What has been said regarding price margins is also true. The 
function of the training and development of outlets from a sales 
standpoint must be through groups and associations. When this 
sort of effort is undertaken, it is usually slow and unsatisfactory. 


SELLING TO DISTRIBUTORS 


It was to get away from this unsatisfactory condition that the 
style element was originally added to the line of Curtis wood- 
work, and actively promoted to the consumer and to the trade. 
These items were very fully standardized as to wood, as to size, 
and as to design. ‘They are made in quantities just as the com- 
mon door, the common window, and the common forms of trim 
are made. 

It is possible to promote a style item in the retail field, particu- 
larly when the interest and action of the retailer can be secured 
through limited distribution policies. The dealer is anxious for 
his personnel to secure sales training. He has an opportunity to 
build an established clientele, something on which to base the 
hope for repeat orders. He has an opportunity in that he is in 
a position to give a service on a distinctive product, cash in on the 
fact that he is building for himself and his own organization 
behind a trademarked advertised line, a reputation based on 
quality and service, and the satisfaction offered by the products 
he distributes. 

The distributors of a product which has this style element, and 
something therefore which differentiates it as a line from com- 
petitive items of the same general class are generally retail lum- 
bermen; manufacturer to retailer direct rather than through the 
medium of manufacturer, jobber, retailer, or consumer. This 
more quickly bridges the gap, and gives more control to the manu- 
facturer, and therefore allows him more closely to correlate pro- 
duction and distribution because of this more direct contact. 
The retail distributor, the man maintaining the stock of the 
manufacturer’s goods has more direct contact with the consumer, 
the realty operator, the architect, contractor, and all factors to 
the sale, and can direct his’ sales more intelligently. Through 
him as an outlet the manufacturer can feel the pulse of the market 
tendency toward design change, the need for new items, etc. 
much more quickly than can the manufacturer dealing through 
a middleman who maintains a large stock of commodities gathered 
not from one manufacturer, but rather from many. 

The manufacturer’s salesman selling to an exclusive retail out- 
let can really assume the position of the advisory directing head 
of the retailer’s business. This advisory-management salesman, 
if we would style him such, discusses the five prime functions of a 
business in their relation to the line which he represents: 

1 The executive function which covers particularly matters 
of personnel, and the adaptability of the dealer’s organi- 
zation to certain phases of his operation 

2 The financial situation within that business 

3 The purchasing function, not from the standpoint of 
price, but rather from the standpoint of purchase of 
merchandise in such quantities as to give maximum 
turnover, the maintenance of a perpetual inventory 
system to insure that turnover, to indicate trends, to 
eliminate obsolescence, to maintain minimum stocks, to 
insure having merchandise to deliver after it is sold 

4 The matter of the dealer’s production problem which 
has to do with physical methods of stock keeping, yard 
arrangement, delivery service, and efficiency 

5 Perhaps most important of all as compared with the 
average method of merchandising through the jobber. 
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the sales, the promotion, and the advertising problem 
which is a combination showing the salesmen how to sell 
by personal work in the field, by educating the salesman 
through his participation in a course of sales study, and 
through the adaptation of the service maintained at the 
head office organization covering sales, advertising, and 
promotion problems. This includes not only the sug- 
gested proved solution of the problem, but the actual 
work of assisting the dealer with the production of those 
things which he must have in order to project his busi- 
ness into the community he serves. 


Necessarily, figures of the market-analysis type, sales quota 
by dealers, and by salesmen’s territories, have place in guiding 
these operations. It has been our experience that territorial 
potentials can best be determined at the head office, little contact 
being required by the selling organization. 

For determining the amount of volume logically supposed to 
originate in the territory of a local distributor, we use a combina- 
tion of the Curtis Publishing Company’s statistics and building 
permits. A similar set up is devised to guide the local dealer in 
the establishment of quotas. 

Surveys on sales problems and policys are conducted from the 
general office of our concern, using test grounds to prove or dis- 
prove sales ideas before they are recommended to dealer dis- 
tributors. 


SALESMEN’S COMPENSATION 


Messrs. Bigelow and Perry have made some very pertinent 
remarks on salesmen’s compensation, and the desirability of an 
incentive to various accomplishments. We have developed a 
plan somewhat along the lines described by them, but differing in 
some essentials, which has proved highly satisfactory. 


MARKETING THE STYLE Propuct 


A few concerns in the sash-and-door field offer a style product 
which is standardized. Our concern offers style products that 
have craftsmanship and beauty, lend themselves to publicity, 
enjoy customer appeal, and have consumer acceptance. 

A seeming lack of appreciation of present-day merchandising 
practices in the industry keeps the majority of the products in 
this field on the commodity product basis. The style elements 
have made possible the schooling of distribution agency salesmen 
in our business. That schooling is a highly important factor. 
Correct understanding of the product, and its use at the time of 
final sale is perhaps the most important thing from a sales angle 
that manufacturers have to deal with today. 

Another important factor is the correct projection of informa- 
tion covering that product over a local area. The dealers in the 
style product of the sash-and-door field have had the following 
things to work with in their selling efforts: 


1 Authenticity as to architectural values in design 

2 The possibilities of permanent as compared with movable 
furniture in home building 

3 Offering of exact replicas of items of historic interest 
having true architectural value 

4 That thing which is “in the vogue today’’ made possible 
by keeping in close touch with building trends. 


The automobile combined with editorial lineage in current 
magazines has produced increased appreciation of architectural 
values and increased appreciation of the value of home ownership; 
also a very much sharpened desire on the part of the general 
public to be “‘in the vogue,” living in a home that is of today’s 
vintage. As one of our workmen aptly put it, “they are caught 
up on the automobile because every one else has one. Now they 
want a home because everybody else can’t have one.” 
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In addition to this idea of being “‘in the vogue,”’ it is also a very 
definite fact that people know more about home building, home 
decoration, etc., than they ever did before. They know some- 
thing more about what is correct architecturally, and they havea 
desire, in increasing numbers, to be right, to have a home that is 
beyond criticism from the standpoint of their better informed 
friends. Bringing your sales message into tune with this condi- 
tion, volume increases will result when this is correctly done. 

This has been recently proved to our organization through the 
results of some national advertising behind the sectional unit 
kitchen cupboard part of our line. A planning service on kitch- 
ens is offered, and in what is believed to be a rather ingenious 
way to visualize to the inquirer exactly what the equipment 
suggested for use will look like when it is installed in a home. 
Innumerable instances are found where the consumer takes this 
layout or this presentation drawing directly to the dealer in this 
line and says “I want to buy that.” 

Another illustration of the visualization of ideas to the con- 
sumer, designed not only to sell merchandise, but also to exert a 
constructive force on the retailer is the practice of the Armstrong 
Cork Company, Lancaster, Pa., manufacturers of Armstrong 
linoleum. 

Both these illustrations point to the fact that consumers have 
learned to have confidence in the advertising pages of the national 
magazines. They have learned to have confidence in the con- 
cerns who offer them through these advertising columns, definite 
service and information relative to the merchandise offered. 

There is no product made about which there cannot be woven 
some fabric of service, or romance, or visualization which will 
move that product to a degree from the commodity class into the 
style class. 

By manufacturer and retailer alike, sales effort in the past has 
been neglected. Purchase ideas and savings in purchase con- 
stituted the ruling force in the movement of building materials 
including sash, doors, and woodwork. Education by printed 
word and education by example is fast bringing a great many in 
our particular industry to the realization that they have products 
which can be merchandised as are other products, that the beauty 
appeal, and style appeal can be applied to the door, the window, 
and the sash just as they are applied to the replica of a beautiful 
corner case taken from the Connecticut valley which now rests 
in the Metropolitan Museum of Art at New York. 

It is such sales advertising and promotion ideas and policies 
that place merchandise in the public mind today, and it is the 
continuation of those policies and that type of effort which will 
continue to hold public attention on a line of merchandise to the 
ultimate profit of the manufacturer, distributor and consumer 
alike. 

CONCLUSION 


In agreement with the conclusions brought out by Messrs. 
Bigelow and Perry, today’s business success must be buildt on 
the five primary functions which have always existed ia any busi- 
ness which includes the making and selling of merchandise. The 
executive, financial, purchase, production, and sales end of any 
business, each and all, must be developed to as nearly 100 per cent 
efficiency in relation to each other, and in relation to the whole as 
is possible in order to insure growth in that business and a con- 
tinuous satisfactory net profit in the operation. 

In the past the sales advertising and promotional function of 
the industry has been slighted. Where continuously applied, 
success has followed. The public must be told about the product, 
and the dealer distributors educated. Dealers should be helped 
to make a profit from the turnover of their merchandise, and 
advised how best they can improve the situation. The public 
should be appealed to in a way that it desires. The net result 
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will be that the hills and valleys in production and sales curves 
will be reduced, not eliminated. It means that the average 
number of men employed will be much nearer constant. Any 
concern with sufficient capital can undertake the job of finding 
the interesting way in which its product can be projected to the 
consuming public. They can build public confidence, they can 
build an established clientele that will automatically, over a 
period of time, coordinate for them their production and dis- 
tribution problems to a very satisfactory degree. 

And in this process, the engineer can find place in the sales as 
well as production departments. The attention of the engineer 
cannot as profitably be turned to actual selling as can new 
engineering methods be introduced into the sales departments of 
business. Problems both of production and sales, new problems, 
are constantly presenting themselves. There is room for more 
engineering methods in both ends of the game. 


H. M. Surron.* The paper under discussion emphasizes the 
most outstanding need of the woodworking industries. Such 
coordination has been in the minds of far too few, both of engi- 
neers and of woodworking executives. The writer finds very 
little to criticize and much to commend in the presentation. 
It is certainly timely, as well as true, to state that 


soiree & the same methods of scientific analysis that have 
yielded such gainful results in the factory must be de- 
voted to securing similar gains in distribution.” 


Exception will doubtless be taken by some to the classification 
of woodworking in general as a not profitable industry. All 
agree, however, that it has been profitable rarely except when 
good merchandizing has been combined with good manufacturing. 
And this has been all too seldom. 

Discussion of all A.S.M.E. papers, as the writer understands 
it, is for the purpose of challenging questionable statements 
and for further emphasizing and driving home those which may be 
considered real contributions to progress. The speaker is in 
hearty accord with Messrs. Bigelow and Perry. 

Sales-dollar analysis is worthy of emphasis here not for the 
figures presented in the paper, but asa tool of analysis. It is used 
continually as one of the most effective ways of comparing costs 
both for a single company from period to period, and for that 
company with its industry as a whole, and even to some extent 
between industries. It is a most effective way of getting down 
to fundamentals. By trying it one can see how present figures 
compare with a few years ago. 

A particularly interesting illustration of this sort a short time 
back, was that of a company which had been manufacturing 
wood products for 40 odd years, and much the same line during 
the last 20 years. It maintained a closed union shop, and the 
management felt that present-day labor, of that particular union 
at least, was much less effective than in the prewar years when 
the company had been making more money. Much to the sur- 
prise of its management a sales-dollar analysis proved without 
question that this was not the case. The proportion of the sales 
dollar spent for direct labor was almost exactly the same in 1914 
as in 1926, actually a little Jess in the latter year. The increased 
cost, in proportion to gross income, was all due to higher adminis- 
tration and selling expense. This was not welcome news to 
either the higher executives or the sales department. Inci- 
dentally, the sales-dollar analysis is a most useful means of ex- 
hibiting this general rising cost of distribution. 

Material yield is of the utmost importance. Yet it is only a 
few years back that many companies figured their lumber-waste 
percentages on whatever basis seemed to be currently used by 


* Consulting Management Engineer, The H. M. Sutton Engineers, 
Boston, Mass. Mem. A.S.M.E. 


their competitors, or what they thought that basis was. With 
lumber frequently at half the selling price it is no wonder that 
many an anticipated profit did not materialize when the annual- 
inventory lumber loss had been put on the books. 

Group incentives, it is believed, have their greatest usefulness 
to woodworkers in their application to rough dimensioning 
operations combined with lumber-waste reduction. And it is of 
interest in this connection to note that frequently, in fact usually, 
the value of the lumber handled is three to four times the total 
labor cost of rough dimensioning. Considerably more labor can 
be afforded to save even a small part of what usually goes out in 
the waste box. 

The possibilities of lumber-waste reduction are not yet widely 
realized. The writer reorganized the cutting department of a 
large auto-body concern that was considered progressive, but the 
swing sawyers were being paid piece work with no waste control 
other than the ordinary supervision. Naturally the piece rates 
had not helped to lower the waste percentage; but, to make it 
even worse, these piece rates had been per thousand feet cut up. 
The more lumber the sawyers could get rid of, either into parts or 
into the waste box, the more money they made. 

Coordination of production demands a close study of lumber 
wastes. The preceding illustration is of a somewhat unusual 
case, but properly designed incentives for reduced waste and 
increased production will pay good dividends in most woodwork- 
ing plants. 

Another point which Messrs. Bigelow and Perry make is that 

“The historical cost system no longer has a place. . . . . o 

The so-called “Standard Costs” have superseded them. It 
must be known in advance what products are to cost, not a few 
weeks after the run is completed. Nor is it safe to estimate on 
old average figures built up from historical costs. Labor and 
materials standards must be set up, and it must be known from 
day to day that they are being maintained. On our installations 
it is planned to know as fast as each operation is completed 
whether the standard has been attained. If not, then is the time 
for the foreman to find out and correct the trouble, not a month 
later when his cost figures tell him something went wrong, but 
not where nor how. 

Moreover, in these days of hand-to-mouth buying and the 
stressing of “Service,’’ quick and dependable deliveries must be 
made. It is only with carefully made labor standards that ade- 
quate planning and scheduling can be done. Hence the labor 
part of the standard cost expressed in minutes instead of dollars, 
is a necessary part of coordinated production. 

Distribution is most certainly susceptible to the same sort of 
analysis that has elevated production above the level of snap 
judgments, antiquated machinery, and rule-of-thumb methods. 
There is always a better way to do everything. They are begin- 
ning to find this out in the sales department. 

A recent meeting of the National Association of Cost Account- 
ants was addressed by one of the country’s leading authorities on 
merchandising. His plea was for cost accounting for distribution 
that should be on a par with what has been developed for produc- 
tion. He emphasized the point that it is the men trained in the 
analysis of production problems that can best find the facts about 
distribution. Moreover, he stated that in this important field 
only the surface has been scratched, although the need is as 
urgent as it was for production twenty years ago. 

But there is infinitely more to distribution than its cost ac- 
counting. The management engineer will use, he is already us- 
ing, such cost accounting as a tool, but what he is interested in is 
the development, organization, and ultimate economy of dis- 
tribution which will coordinate with, or become the basis for, 
his plans for the business asa whole. The paper presented before 
this session gives many of the factors which must be considered . 
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Selection of distribution channels is well worth most careful 
analysis. A study made of one industry, about one hundred 
plants, making a commodity wood product showed conclusively 
that those who sold through brokers or commission men uni- 
formly received the lowest prices for their product. In another 
industry where selling agents are the almost universal outlet, 
a good percentage of the selling cost for one client was saved by 
establishing a sales corporation owned and directed by the home 
company. 

The quality of “style appeal”’ is stressed in this paper. This is 
asit should be. The writer saw an attractive and fairly expensive 
folder only a few days ago displaying rush-seat chairs. The 
“copy” talked mainly of the unusually sturdy woods of which 
they were constructed and totally disregarded what appeared to 
be the real selling points, that they were artistic pieces, that would 
be both convenient and fitting in many rooms, and that they 
looked comfortable. But is it, as stated by the authors, 


“Undeniably true that selling of a style product for ap- 
pearance sake may undermine the tradition of sturdy 
construction and artistic workmanship .... . 


It might be allowed to, but it is the writer’s belief personally 
that it is seldom advisable or necessary. A quality product can 
still have style appeal, and truly coordinated production and 
distribution will provide both. Quality always has appeal. 
There is at least one lumber manufacturer whose “No. 1 Common 
and Better’ is always worth some premium above the going 
market price. A box manufacturer said only a week ago that he 
was going to be forced to put in a Lindermann jointer. A pro- 
gressive competitor is getting his business by turning out a better 
quality shook. Even boxes have quality, and certainly the furni- 
ture bought for our homes must have a reasonable amount of it. 

However, there is no gainsaying the statement made later by 
the authors: 


“Unless production and distribution are closely coordi- 
nated with the one fundamental view of maintaining an 
adequate profit for the manufacturer, an unsatisfactory 
result will be obtained. .... 7 


Such coordination must come, and it is particularly the office 
of the engineer in industry to bring it about. 

The paper does not mention directly financial control, though 
budgeting implies it. True coordination of production and dis- 
tribution is still a step ahead of many concerns which were 
thoroughly up to date five years ago. But the most advanced 
companies today go a step farther; they determine very closely 
the amount of capital which they must have throughout the year, 
and plan ahead so that they will always have available in the 
business the amount which is needed, but not an excess either in 
cash or in inventories. Business profits are truly measured only 
in net earnings that can be credited to the capital invested. 
True coordination of production and distribution paves the way 
for, and simplifies the task of economy in the use of capital. 
Financial management is essential to obtain the full results of 
coordinated manufacturing and merchandising. One of the 
country’s leading bankers has said that the first requisite for 
establishing a line of credit with his institution is the filing of a 
carefully made budget. Without coordinated production and 
distribution no real budget is possible. With them it is inevi- 
table. 

It is coming to be quite generally believed that the chief 
executive who does not practice to a considerable degree the sort 
of coordination outlined in this paper, who this year is operating 
without a real budget, will soon be without a profit, and, in the 
near future, without a business. 

Most certainly “Engineers of broad vision and genuine scien- 
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tific spirit will welcome the opportunity to serve clients in the 
broadening field which includes both production and distribu- 
tion.” 


Harotp O. Cotuins.?’ The writer prefers the term “lumber 
manufacturers field,’ rather than the “sawmill field,” because a 
sawmill is but one very small part of the lumber manufacturers 
operation today. The company with which the writer is con- 
nected has a costly logging operation, as the first step, followed 
by a transportation problem, which includes its own private 
railroad, as well as the transportation of logs over the main line 
of the Northwestern Railroad. 

The logs which are cut in September of 1928 may not be de- 
livered to the sawmill at Rhinelander until July of 1929. Logs 
are run through the sawmill and the outcoming lumber is graded, 
keeping each grade in each thickness of each species separate. 
Hardwood lumber remains in pile usually one year before it is 
sufficiently air dried. It is then sold, either in its air-dried con- 
dition, kiln-dried, or remanufactured, either in the planing mill or 
cutting-up plant. 

Lumber manufacturers, as a whole, produce lumber of various 
species, cutting it to various sizes in a blind way. They tend to 
produce, in these lumber items, those things for which there has 
been recently a good demand, together with such items as must 
necessarily be produced. Asa result this volume of production in 
each item may not bear any logical relationship to the require- 
ments of the lumber-buying trade. 

Hardwood items which have been in demand by large consum- 
ing industries may be out of their specified requirements by the 
time the lumber now being manufactured is seasoned and ready 
for shipment. Entirely too much lumber may be produced in 
one year, and conversely a situation may arise where not enough 
lumber would be produced, or not enough of certain items which 
some manufacturing industry may require. It would, therefore, 
be desirable that the leading consuming iadustries, through their 
associations, make up a budget of their lumber requtrements, 
dividing it into proper grades and sizes for six months to a year in 
advance. 

Primarily, such a budget should show how the requirements com- 
pare with the same period in the preceding year, and should 
point out what changes in specifications, if any, have been made, 
which would require large quantities of certain thickness, widths, 
and lengths, and would reduce the requirements in some other 
thickness, grade, or length. In return, of course, for this informa- 
tion, the lumber producing association would furnish the wood 
consumers with monthly statements of the production of lumber, 
by species, grades, and sizes, and show lumber stocks in the same 
detail. This, in the long run, would tend toward greater stability 
in the wood industry. 

The wood-consuming industries, as a general rule, have suf- 
fered during the last 10 years in about the same measure as the 
lumber industry, primarily due, not to inefficiency in producing 
but to inefficiency in merchandising. These two groups are 
composed of the same type of people, namely the pioneering type 
of man who has usually conducted his business in almost identi- 
cally the same way as it was conducted by his forefathers. 

This pioneering type of man prefers to run his business in his 
own way, but, unfortunately, his way has not been in accordance 
with the methods of successful industries. When it is seen how 
much of the consumer’s dollar is going to purchases other than 
those in which there is a most direct interest, then it must be 
admitted that merchandising has been most inefficient. 

The lumber manufacturer is changing somewhat, and some of 
the activities are rather new and novel. The National Hardwood 


Lumber Association, with headquarters at Washington, D. C., 
7 Treasurer, C. C. Collins Lumber Company, Rhinelander, Wis. 
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composed of all of the lumber associations in the United States, 
is spending a million dollars a year in promoting the use of wood 
in general. The executive committee has outlined this campaign 
to deal with such subjects as the grade-marking of softwood lum- 
ber, the modernization of homes, and things of a like nature, which 
should, in a broad way, increase the use of lumber. Successful 
competitors are spending enormous sums of money in bringing 
their materials most forcefully to the attention of the consuming 
public. 

They have told the people to whom the finished product is sold, 
that the timber of the country is rapidly being depleted, that, in 
reality, they are doing a patriotic thing by buying materials other 
than those produced from lumber, that all remaining timber 
should be saved for the sake of its beauty, ete. Their campaigns 
have been vigorous, effective, and profitable. The wood pro- 
ducers cannot expect to have a profitable business, unless the 


group of wood consumers are enjoying prosperity. Both groups 
are dependent on an increased use of wood. 

If that be true, then why shouldn’t the wood producers and 
wood consumers institute a really effective promotional and 
educational campaign to bring wood consciousness to the con- 
suming public? 

After a research department has determined the facts, the 
public could be told in a forceful way about the beauty, warmth, 
and humanness of wood, in all of its various forms, so that it 
would be much preferred to any competing material. The con- 
suming public could be told that it is more patriotic of them to use 
wood products, because timber is the only natural resource which 
can be replaced. Such a pretty, as well as truthful picture that 
can be built up so every one in this country will again be thinking 
about wood in a truly American way, and, if and when that is 
done, each manufacture will find his problems lessened. 
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Making Animal Glue Water Resistant 


By F. L. BROWNE,' MADISON, WIS. 


In this paper the author gives a formula for making animal glue 
water resistant. Graphs are given which show the relation between 
the temperature and the working life of a batch of glue when pre- 
pared by the recommended formula, and also for a glue containing 
paraformaldehyde without oxalic acid. Rapid decrease in the 
working life of both glues at high temperatures makes it necessary 
to control the heating of the glue carefully. Characteristics of a 
water-resistant animal glue are given, together with the effect of 
varying the content of oxalic acid and paraformaldehyde. 


glue is tanned by formaldehyde and rendered water resistant. 

Formulas? for making practical use of the reaction in wood- 
working are even more common than recipes relying upon the 
magical influence of linseed oil, and there are numerous patents 
based upon it. To the best of the author’s knowledge they all 
suffer from one or the other of two serious disadvantages; either 
the amount of formaldehyde employed is so small that the water 
resistance of the product is chiefly imaginative, or complicated 
methods of application are required. The difficulty lies in the 
fact that formaldehyde and gelatin react very promptly, yielding 
a tough, unworkable jelly. 

To obtain a glue mixture of suitable consistency for appli- 
cation by the customary procedure of the glue room, and yet 
tan it with formaldehyde, the necessary amount of reagent must 
be incorporated in some indire¢t fashion so that it will be po- 
tentially available, but will not actually be present as free 
formaldehyde in any considerable amount until the joints have 
been made. Fortunately formaldehyde forms many polymers 
and compounds that hydrolyze slowly in contact with water, 
forming formaldehyde again. The cheapest one is paraformalde- 
hyde, and Lindauer and Hunt,* working at the Forest Products 
Laboratory, discovered that it may be added to animal glue, 
giving a mixture that remains liquid at the working temperature 
for a time, and with which water-resistant wood joints may be 
made. Further studies‘ showed that other polymers and 
compounds of formaldehyde behave similarly, and that some of 
them give glue mixtures that have a longer working life than the 
mixtures with paraformaldehyde. Some of the compounds 
with which interesting results were obtained are hexamethylene- 
tetramine, formaldehyde aniline, methylene paratoluidine, 
formaldehyde urea, formaldehyde sugar, and, formaldehyde 
adsorbed by charcoal or by silica gel. 

The working life of most of these glue mixtures, however, was 
still inconveniently short. With paraformaldehyde, for example, 
it varied from one-quarter to one hour according to the amount 
and kind of paraformaldehyde and the working temperature. 
But it was further discovered‘ that the rate of reaction between 
animal glue and any of these polymers, or compounds of formal- 


I: HAS BEEN known for a very long time that animal 


1 Senior Chemist, Forest Products Laboratory, Madison, Wis. 
Maintained by the Forest Service, U. S. Department of Agriculture, 
in cooperation with the University of Wisconsin. 

2 “Scientific American Cyclopedia of Formulas,” New York, 
1923, page 310. 

3 U.S. Patent 1,506,013 (1924), dedicated to the public. 

‘Browne and Hrubesky, Industrial and Engineering Chemistry, 
19, 215 (1927). 

Presented at the Fourth National Wood Industries Meeting 
at Rockford, Ill., Oct. 16 to 18, 1929, of THe AMERICAN SocrIETY OF 
MECHANICAL ENGINEERS. 

Note: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 


dehyde, is very sensitive to changes in the acidity or alkalinity 
of the mixture. Thus the addition of small amounts of acids 
to the glue mixture containing paraformaldehyde prolonged 
the working life greatly while alkalies shortened it. In the 
mixtures with hexamethylenetetramine, on the other hand, 
acids shortened the life while alkalies extended it. 

Because paraformaldehyde is cheaper than the compounds 
of formaldehyde on the market, the further work at the Forest 
Products Laboratory has been confined to mixtures containing 
it. The possibilities of mixtures containing other substances, 
such as hexamethylenetetramine, have by no means been ade- 
quately investigated, and are worthy of serious study. 


Tue Formuta RECOMMENDED 


The following formula for making animal glue water resistant 
has been tested thoroughly, and is now finding application for 
special uses in some woodworking factories. It will be found 
entirely practicable provided the proper kind of paraformalde- 
hyde is purchased and the peculiar characteristics of the glue 
mixture are understood. The working life of the mixture should 
be at least 6 and not more than 12 hours. 


100 parts by weight 
according to grade of glue 
10 parts by weight 

5.5 parts by weight 


Animal glue 
Water 
Paraformaldehyde 
Oxalic acid 


The proportion of water should be the same as would be used 
in mixing glue of the same grade for a similar gluing operation, 
but without the paraformaldehyde and oxalic acid; in other 
words, if an animal glue grading 108 millipoises in viscosity and 
303 grams in jelly strength (National Association of Glue Manu- 
facturers’ methods*) is used for joint work with 225 parts by 
weight of water, the same amount of water should be used in 
mixing it according to the above formula. 

The glue is soaked in cold water until thoroughly softened, 
and then melted at 140 deg. fahr. in exactly the same manner 
in which animal glue is mixed ordinarily. The paraformaldehyde 
and oxalic acid are then added and the mixture stirred vigorously. 
The oxalic acid dissolves within a few minutes, but most of the 
paraformaldehyde remains undissolved and in _ suspension. 
For that reason the paraformaldehyde should be a powder that 
is fine enough to pass a 50-mesh screen, and care should be taken 
to keep the mixture stirred during use. The agitation provided 
by most commercial glue spreaders should be sufficient. The 
glue is ready to use as soon as the oxalic-acid crystals dissolve. 
The temperature should then be allowed to fall as rapidly as 
possible to 105-115 deg. fahr., and carefully maintained within 
that range because the working life is seriously reduced if the 
mixture is allowed to become too warm. 

The glue must be consumed before it reaches the end of its 
working life, and before it sets, because after becoming a tough 
jelly it is difficult to remove from glue pots and machinery, 
and cannot be remelted. Warning of the imminence of gelation 
is given by a rapid increase in the viscosity of the glue, but once 
the mixture has reached the gelation stage, action must be taken 
promptly, because in this condition the glue mixture sets quickly. 
It is highly deisrable that the operator know definitely how long 
the working life of the glue mixture will be with the particular 
paraformaldehyde he is using. This can be determined by 


5 Industrial_,and_ Engineering Chemistry, 16, 310 (1924). 
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preliminary trial of a small batch of glue each time a new ship- 
ment of paraformaldehyde is obtained. 

Both paraformaldehyde and oxalic acid are poisonous. Work- 
men handling these chemicals should therefore take suitable 
precautions to see that they are not ingested. 


SELECTION OF PARAFORMALDEHYDE 


Paraformaldehyde is not a single chemical unit like sodium 
chloride or sulphuric acid, but a mixture of polyoxymethylenes, 
which are .polymers of formaldehyde of varying degree of com- 
plexity depending upon details in the manufacture. Polymers 
in which as few as three molecules of formaldehyde are united 
are known, and there are others containing more than 45 mole- 
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cules of formaldehyde in a single molecule of polymer. The 
more complex the polymer the more slowly it reverts to formalde- 
hyde when brought in contact with water. Just which poly- 
oxymethylenes are present and their proportions in the different 
paraformaldehydes of commerce are not yet known, but we do 
know that paraformaldehydes vary widely in their speed of 
reaction in water-resistant animal glue. Different samples that 
have been sent to the Forest Products Laboratory gave mixtures, 
made in accordance with the recommended formula, in which 
the working life varied from 2 hours to more than 24 hours. 

Paraformaldehyde giving a glue mixture a short working 
life is obviously inconvenient to use, and the kind giving a very 
long working life is objectionable, at least in the particular 
formula recommended, because the joints made with it develop 
satisfactory water resistance only very slowly. Paraformalde- 
hyde, which will give a glue mixture a very long working life, 
may be used satisfactorily, however, if the amount of oxalic 
acid is reduced enough to shorten the working life of the mixture 
to 12 hours. Both of the manufacturers of paraformaldehyde 
in the United States’ have made a special study of their products 


* Hengstenberg, Annalen der Physik, 84, 245 (1928). Ott, Helve- 
tica Chimica Acta, 11, 300 (1928). Clark, Industrial and Engineering 
Chemistry, 21, 130 (1929). 

7 The Heyden Chemical Company, Garfield, N. J. The Roessler- 
Hasslacher Company, Perth Amboy, N. J. 


for the purpose, and can supply materials suitable for making 
animal glue water resistant by means of this formula. In 
ordering paraformaldehyde, the purpose for which it is to be 
used should be clearly specified so that the right kind can be 
supplied. 

INFLUENCE OF OTHER Factors 


Next to the selection of the right kind of paraformaldehyde, 
control of the temperature at which the batch of glue is kept 
is the most important factor influencing its working life. Fig. 
1 presents the relation between the temperature and the working 
life of a batch of glue when prepared by the recommended 
formula, and also for a glue containing paraformaldehyde 
without oxalic acid. The rapid decrease in the working life 
of both glues at higher temperatures makes it necessary to control 
the heating of the glue carefully. The temperature recom- 
mended for mixtures containing paraformaldehyde, 105-115 
deg. fahr., is lower than that ordinarily employed with animal 
glue, partly to take advantage of the longer working life and 
partly to maintain the proper consistency for application. 
The addition of paraformaldehyde and oxalic acid makes the 
glue mixture somewhat less viscous, but the desired viscosity 
is restored by allowing the mixture to cool to the lower tempera- 
ture, and by keeping it there. Since paraformaldehyde is a 
good antiseptic, there is no danger of bacterial decomposition 
of the glue at the lower temperature. 

Any grade of animal glue ordinarily used in woodworking 
may be made water resistant by this formula. The grade of 
the glue has practically no effect on the working life of the 
mixture, but exerts the same influence on consistency and the 
technic of gluing as it does in ordinary practice’: when para- 
formaldehyde and oxalic acid are not present. Consequently 
the proportion of water should be adjusted in accordance with 
the grade of the glue and the nature of the gluing operation 
exactly as in the customary procedure with animal glue. 


INFLUENCE OF GRADE OF GLUE ON WORKING LIFE 
AND STRENGTH 


TABLE 1 


Plywood Tests —Joint Testse— 
Wood 
—-—Grade of Gluee—— Working Dry, Wet, Failure,@ 
Viscosity Jelly Strength Life, Lb. per Lb. per Lb. per Per 
Millipoises Grams Hr. sq. in. Sq. in. sq. in. cent 
118 372 70 449 139 3560 31 
95 299 7.3 463 163 3600 36 
76 240 6.3 452 155 3385 38 
65 190 6.9 — - 
55 131 7.0 449 113 3720 39 


a By National Assoc. Glue Mfrs’ methods, see ref. 4. 

b See reference 3. 

c See reference 7. 

d A well-glued joint always fails at least in part in the wood, regardless 
of the load at which failure takes place. 


Table 1 gives the working life of glue mixtures made in accord- 
ance with the recommended formula and in which five different 
animal glues of widely varying grade were used. The glues 
were all supplied by the same glue manufacturer. The results 
of standard plywood tests for water-resistance‘ and joint-strength 
tests* are also presented. In making the joints the same technic 
of gluing was followed with each grade of glue as would be 
used in ordinary practice; that is, less water was used in the 
mixture, and a longer assembly time allowed the lower the grade 
of the glue. The strength of the joints obtained is independent 
of the grade of glue, and equal to that which would be obtained 
with the glues without the addition of paraformaldehyde or 
oxalic acid. The water resistance is sufficient to meet the re- 
quirements of the U. S. Navy specification for casein glue,'® 


§ Truax, Browne, and Brouse, Industrial and Engineering Chem- 
istry, 21, 74 (1929). 

* Brouse, Industrial and Engineering Chemistry, 21, 242 (1929). 

1” U.S. Navy Dept. Specification 52G8 (1924). 
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namely, 125 pounds per square inch (it is somewhat underesti- 
mated because the plywood joints were seasoned only seven 
days before testing), but it is not as high as can be attained 
with the most water-resistant casein glues or with blood glue. 


Stow ATTAINMENT OF WATER RESISTANCE 


In order to obtain satisfactory working life for the glue mix- 


' ture, it is necessary to use a polymer containing many molecules 


of formaldehyde so that it reverts to formaldehyde slowly. 
It is not surprising, therefore, that the tanning of the glue re- 
quires a much longer time than is needed merely to make and 
dry the joint. Fig. 2 shows that joints made with animal 
glue containing paraformaldehyde attain their water resistance 
slowly. At least two weeks’ seasoning of plywood specimens 
should be allowed before testing them for water resistance. 
There is a relation between the working life of the glue mixture 
and the rate of tanning of the glue; the longer the life the more 
time needed for the joints to become water resistant. If a 
paraformaldehyde of exceedingly slow reaction is employed, 
it will be a long time before the joints are very water resistant, 
but by reducing the amount of oxalic acid to that required to 
make the working life of the mixture about eight hours, the 
joints again gain water resistance at about the rate indicated 
in Fig. 2. 
Errect OF VARYING THE CONTENT OF OxaLic ACID 
OR PARAFORMALDEHYDE 

There is an optimum proportion of oxalic acid at which the 
working life of a glue mixture is longer than it is with either 
larger or smaller amounts. The relation is shown in Fig. 3. 
Similar curves are obtained with other acids, though the maxima 
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occur at different proportions by weight. The amount of acid 
added before the maximum is reached is small, especially when 
it is remembered that gelatin acts powerfully as a buffer. Al- 
though the acidity of the mixture has not been measured, it is 
certainly very low. No more than enough oxalic acid to attain 
the maximum working life should be added, because excess acid 
decreases the working life, and because the glue begins to de- 
teriorate by hydrolysis too rapidly if the solution becomes very 
acid. 

The amount of paraformaldehyde in the recommended for- 
mula was placed high enough to insure attainment of reasonably 
good water resistance after seven days’ seasoning of the test 
panels. If the proportion is reduced the working life is longer, 
but the joints do not attain water resistance so rapidly. Rea- 
sonably satisfactory results can be obtained with 5 parts of 
paraformaldehyde instead of the 10 recommended, but the 
amount should not be reduced much below that proportion. 


CHARACTERISTICS OF WATER-RESISTANT ANIMAL GLUE 


Except for the fact that they have limited working life, mix- 
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tures of animal glue containing paraformaldehyde and oxalic 
acid have much the same physical characteristics as ordinary 
animal glue. As already pointed out, the viscosity at a given 
temperature and the proportion of water is less when the reagents 
are present, but at the working temperature of 105-115 deg. 
fahr., the viscosity is about the same as it would be at 140 deg. 
without the reagents. The lower working temperature must 
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Working Life in Hours 


Oxalic Acid Added in Grams 


Fic. 3 INFLUENCE OF THE PROPORTION OF OxaLic ACID ON THE 
WorkInNG Lire oF WATER-RESISTANT ANIMAL GLUE 


be taken into account in determining the assembly time; that is, 
the time elapsing between spreading the glue on the wood and 
applying pressure to the joint, for the consistency of a cooler 
mixture of glue, does not change as rapidly after application 
to the wood as that of the warmer mixture. With water- 
resistant animal glue, therefore, the assembly period should 
be at least twice as long as would be permitted with the same 
grade of glue without the added reagents. If the longer assembly 
time is inconvenient, it may be offset, of course, by some other 
adjustment in gluing conditions. For example, the glue room 
and wood may be kept at a lower temperature, the spread of 
glue may be made as thin as practicable, less water may be 
used in mixing the glue, or a higher grade animal glue may be 
chosen. 

After a batch of water-resistant animal glue has been pre- 
pared, it gelatinizes on cooling and melts again on warming, 
just as ordinary animal glue does, until the reaction with the 
paraformaldehyde has proceeded far enough to tan the glue. 
Fig. 1 indicates that decreasing the temperature retards the 
tanning of the glue very greatly indeed, and Fig. 2 confirms the 
inference while showing that the reaction is merely retarded 
and not inhibited at room temperatures, even after most of the 
water has been removed in drying the glued panels. If a mix- 
ture having a working life at 115 deg. fahr. of seven hours is 
cooled when it is two hours old, for example, and is kept in a 
refrigerator at a temperature below 50 deg., it will be found 
possible to melt it and use it again three or four days later. 
Its working life at that time will not be seven minus two, or 
five hours, of course, but will be less than five hours. At the 
end of about a week’s standing in the refrigerator the glue 
finally becomes tanned, and can no longer be melted by heating. 
Advantage can be taken of these facts in operations requiring 
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only a small amount of glue each day. Enough for several Animal glue made water resistant with paraformaldehyde 
days’ use may be mixed at one time, chilled, and placed in the and oxalic acid may also be made flexible by adding glucose, 
ice box as soon as mixed, and only enough melted at any one time dextrose, or glycerin, just as is sometimes done with ordinary 
to provide for the immediate requirement. animal glue. 
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- Tools for Boring and Mortising Wood 


By A. H. HAWKINSON,' ROCKFORD, ILL. 


In this article the author describes various woodworking tools for 
toring and mortising. A large variety of bits is required to meet 
the various conditions of work in the different kinds of woods. 
There is also a varying moisture content in woods, as some are dry 
while others are green. These elements introduce serious prob- 
lems. 


manufacturing industries, it has been necessary to use 

various kinds of tools for boring and mortising. In making 
building material, furniture, automobile bodies, and other prod- 
ucts of wood, joints must be made for holding the pieces together. 
In these, round holes and square and oblong mortises play an im- 
portant part. The illustration (Fig. 1) shows four of the most 
prominent, distinctly different types of wood-boring tools used at 
the present time. The No. 150 double-spur machine bit is shown 
at the top. 

To make this bit bore it is necessary either to push the tool into 
the wood or to fit it with a screw point for pulling it into the 
stock. A single screw point is shown in the outline. This bit 
can have either a single or double screw point. The second bit 
in the illustration shows a double screw point. Either one of 
these is used with various pitches of thread. The pitch or lead 
on both the single and the double thread is exactly the same, 
although the one has twice as many threads as the other. If the 
point were enlarged, and a man could walk on the thread, he 
would have one wide path around the single screw and two 
narrow paths around the double screw. Walking at a uniform 
speed, starting at the top of the single screw, he would reach the 
bottom in the same length of time it would take to walk to the 
bottom of the double screw. If a bit has an eight single screw, 
it will bore an inch with eight turns of the tool after the screw 
has entered the wood. The eight double screw will bore at 
exactly the same speed, but will have twice as many threads. 
The single screw point is generally used on large-diameter bits, 
and the double screw on small sizes where there is a small amount 
of stock in the point. 

As the screw point pulls the bit into the wood, for smooth boring 
in cross-grain there must be spurs for cutting off the cross-grain 
fibers of the wood, and also outlining the hole. The spurs are 
sharp on top and taper toward a heavier body of stock at the 
base. They rest on top and in line with the cutting edge. If 
the spurs are too high, they will require considerably more power 
than if they are of a medium height. High spurs will also break 
out the stock at the bottom, when going through, much more than 
low spurs. 

The cutting edge of a No. 150 double-spur machine bit merely 
lifts the chips between the spur and the base of the screw point. 
Both cutting edges should be on the same plane, otherwise only 
the highest one will do the chip lifting. 

This type of tool! always has side lips underneath the two spurs 
on the outside end of the cutting edge. They support the spurs 
and the cutting edge, especially when the spurs have been lowered 
by wear. If the spurs were entirely filed off and the bit did not 
have any side lips, it would have a tendency to corkscrew 


By SINCE man began to realize the value of wood in 
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into the wood, the twist acting as a lead to draw it along. 

When the screw point pulls the bit into the wood, and the cut- 
ting edges begin to cut, the chips start through the throat into 
the double twist. On the No. 150 double-spur machine bit, the 
twist is usually made of convex plate, heavy in the center and 
thinner on the edges, making room for the chips. In making the 
double twist, the bit is drawn out on a trip hammer to a convex 
section, and then twisted. In so doing, there is one channel for 
each cutting edge. The lead of the twist is predetermined by the 
manufacturer according to the diameter of the bit. The twist can 
be made any practical length. 

When the bits are to be inserted in the spindles of the boring 
machines they must have a shank which will fit into the sockets. 
The outline of the No. 150 double-spur machine bit is made with 
1/.-in. round shank, which is held with a setscrew. This bit 
can be furnished with any of the shanks shown in the shank illus- 
tration, Fig. 6. 

The No. 151 extension-lip machine bit is recommended for 
boring an unusually smooth hole, and to be sure that the greatest 
amount of care is used to prevent splitting of the stock. This 
bit has a double-screw point which enables the manufacturer to 
furnish a point smaller at the base, and still have sufficient 
strength for pulling the bit into the wood. The smaller the 
screw point, the less it will be apt to split the stock when it 
enters the wood. This bit also has two spurs which cut off the 
cross-grain fibers of the wood, and outline the hole. These 
spurs are set back on the top of the cutting edges, the cutting 
lip extending ahead of the spurs. The reason for this is that the 
spurs on the bit cut beyond the circumference of the cutting edges. 
If an extension-lip machine bit is measured across the extension 
lip, it will be found that it is a trifle smaller than the diameter 
across the spurs. In other words, the cutting edges will not in 
any way cut to the edge of the hole. 

When the screw point pulls the bit into the wood, the cutting 
edges lift the chips which go into the throat and out in the twist. 
The No. 151 extension-lip machine bit is sometimes made heavier 
in the twist and of flat plate, this making a somewhat stiffer tool. 
Tools made in this manner usually have a screw point with a 
slower feed. The twist can be made of any practical length and 
any reasonable diameter. This bit must also have a shank for 
fitting into the socket of the machine, and is generally supplied 
with a round shank '/,-in. in diameter, but it can be furnished 
with any shank, as shown in Fig. 6. 

Sometimes a tool is required for end boring that can be sharp- 
ened easily, will maintain its standard size, and give long service. 
This type of tool is illustrated as the No. 176 taper-head drill. It 
does not have a point, the tip of the cutting edge being used as a 
starting point. This tool is sharpened easily by backing off the 
head on a grinding wheel, but care must be taken that the tip is 
exactly in the center or the tool will cut oversize. It does not 
have any spurs, therefore it is not suitable for smooth cross-grain 
boring, although in many cases it is used for cross-grain boring 
where smooth work is not necessary. A margin is left on the edge 
of the twist, which maintains full diameter as the cutting edge is 
ground back. This makes it very desirable for boring holes for 
dowel pins, but it is not recommended for large diameters. 

The flute of the twist has a far greater pitch than the double- 
twist bit mentioned, and does not elevate the chips as readily, 
therefore it is not as satisfactory for deep boring on account of 
the chips choking in the flute. The flute of the twist must be 
full polished to help carry out the chips. This tool is generally 
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finished with a '/;-in.-round shank, but can be made to order with 
any practical shank. 

Requirements of the auto-body industry have brought out 
many gang-boring machines with power feed, which makes it im- 
practical to use a bit having a screw point. The No. 177 spur 
machine drill is very popular for this class of work. This wood- 
boring drill has a brad point which steadies the tool when boring, 
but it does not pull the bit into the wood. When boring a 
straight hole a short and small brad point is preferred because it 
requires a minimum of power. When boring at an angle the brad 
point must be long enough to extend beyond the spurs. 

This tool has spurs for cutting off the cross-grain fibers of the 
wood, and these should be as low as possible and still outline ahead 
of the cutting edge. The lower the spurs, the easier the drill 
will bore, and the less it will break out the stock at the bottom 
when boring through. A spur machine drill, properly made, has 
&@ margin on the edges of the twist which allows the spurs to be 
filed back without reducing the diameter of the drill. This 
makes it very desirable for accurate cross-grain boring. The 
margin on the edges of the twist is very narrow, and the balance 
of the twist is backed off for body clearance to avoid friction. 
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Fie. 1 Four Types or Woop-Bortne Toots 


The flute carries the chips out of the hole, but as the pitch is 
greater than that on the double twist, and it requires more pres- 
sure, it is not recommended for deep boring or large diameters. 
The flute must be polished, otherwise it will not properly elevate 
the chips. The illustration (bottom of Fig. 1) shows a half-inch- 
round shank, but it can be made for any style of socket. 

To give an idea of how a bit and a drill bore cross-grain and 
end-grain wood, a line drawing (Fig. 3) is shown. At the left 
is the No. 150 double-spur machine bit boring cross-grain. The 
screw readily pulls the tool into the wood, the spurs cutting off 
the cross-grain fibers, and the chips being lifted with the cutting 
lips and carried out in the twist. 

The reason the taper-head drill is so satisfactory for end-grain 
boring is because there are no cross fibers to cut off. It merely 
pulls them out endwise. The taper-head drill is also used for 
cross-grain boring, but as it does not have any spurs for cutting 
off the cross-grain fibers, it will not bore a smooth hole. 

Different heads can be put on a double twist, and Fig. 4 shows 
five different types. The first to the left is a No. 153 flat-cut 
machine bit which is suitable for end-grain boring; then follow 
the No. 150 double-spur machine bit for cross-grain boring, the 
No. 154 round-cut machine bit for angle boring, the No. 152 
Acme machine bit for hardwood where spurs are liable to burn, 


and the No. 151 extension-lip machine bit for fine, smooth boring 
such as is required in cabinet work. The Acme machine bif 
has the cutting edge shaped so that the outside edges cut into 
the wood first. This makes the bit bore more smoothly than if 
the cutting edges were parallel. 

In Fig. 5, showing four types of twists, at the top are left-hand 
and right-hand double twists on which various heads are supplied. 
General practice is to supply left-hand bits in the double-twist 
type only. The solid-center twist has a round stem in the center, 
around which a twist is spiraled to the 
proper angle. This puts the stiffness of 
the tool in the center, and the outside is 
used for bringing out the chips. The 
ship-auger twist has the largest body of 
metal on the edges, the center being used 
for bringing out the shavings. This makes 
the tool very rigid, and gives the chips 
a tendency to stay in the center of the 
twist rather than to crowd the outside 
edges. The drill twist has a longer pitch 
than any of the others, which eliminates 
it for deep boring because the chips are 
not elevated as easily. The prime reason 
for a drill twist is to have a tool which 
will maintain its diameter as the cutting edge is worn back. 


Fic. 2 Dousie anp 
SINGLE THREADS FOR 
Screw Ponts 


Various Types or SHANKS 


In making bits for use in machines, the shanks have to con- 
form to the various spindle requirements, and as the manufac- 


Fie. At Lert, No. 150 Dousie-Spur Macuine Bit Borina 
Into Cross-Grain Woop; At Rieut, No. 176 Tarer-Heap 
Macuine Borne Into Enp-Gratn Woop 


Fic. 4 Tue Five Bit Heaps Reapine From Lert To Ricut ARE 
Nos. 153, 150, 154, 152, anp 151 


turers of boring machines do not have common standards, it is 
always necessary for the customer to specify the type of shank re- 
quired. The illustration of shanks (Fig. 6) gives an idea of the 
many types now in use. By going over this, it will be appreciated 
that shank specifications are necessary on orders. All of the 
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Fic. 5 Four Types or Twists 

shanks illustrated are for use in machines, except the auger-bit, 
ship-auger, and nut-auger shanks shown in the right-hand column. 
When taper shanks are required, the number of the taper must 
be furnished or the exact dimensions in thousandths noted. Some 
taper shanks are furnished with a tang in the center, some have 
a taper without a tang, and some have a McKnight taper with 
a shoulder. 

Straight-shank tools generally indicate that the diameter of 
the bit and the diameter of the shank are the same. If this is 
not the case, the diameter of the shank should always be specified. 
A '/;-in.-round shank is shown in the second column. The hustler 
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Fie. 6 Various Types oF SHANKS 


shank fits in a special chuck for tie-boring machines. Screw 
shanks, when required, should be clearly specified as to diameter 
and number of threads per inch. Shanks having keyways, in 
which a key is inserted in the socket for driving the bit, should 
have the width, depth, and length noted on requirements. If the 
user is not sure what to call a shank, he should submit a sample 
to avoid having tools made special to order which he cannot use. 

Bits can be supplied with either single- or double-s crew point 
and then, if necessary, the screw point can be changed into a brad 
point. In the illustration showing 13 bits, Fig. 7, the No. 150 
double-spur machine bit is shown with a single screw, double 
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screw, and brad point, respectively, in the first three at the left. 
The fourth is a flat-cut machine bit which can be made from a 
No. 150 by merely filing off the spurs. This is done to make it 
suitable for end-boring. The fifth is the Acme machine bit. 
This tool is recommended for unusually hard woods where a very 
smooth hole is desired but where it is impossible to use a bit 
having spurs. The extension-lip machine bit shown as the sixth 
gives an idea of the flat, heavy plate in the twist, which makes a 


Fic. 8 At Lert, No. 169 Macutne Center Bit; At Riaut, No. 
149 Mvtti-Spur Macuine Bit 


very stiff tool. This is used when unusually fine boring is re- 
quired. 

The seventh is a solid-center extension-lip machine bit. It has 
a single-screw point, extension-lip head for smooth boring, and 
the solid-center twist for bringing out the chips. A ship-auger 
machine bit with screw is shown as the eighth. It has one cutting 
edge and one side lip. It is usually supplied with single-screw 
point, but double-screw point can be furnished. This tool is 
suitable for extremely deep boring because the chips are carried 
out in the center of the twist, and its edge is wide to prevent 
their getting to the outside. 

To bore with a ship-auger machine bit without screw as shown 
in the ninth, a shallow hole must be bored first with a bit having 
a screw point. Then the no-point bit will follow this hole, and 
bore straight without leading off with the grain of the wood. 
The cutting edge is set above the head at a slight angle. It then 
acts as a lead as well as a cutting lip. The thickness of the chip 
is regulated by the distance that the cutting edge is pitched above 
the body of the head. When deep holes must be straight, this 
is the only type that can be recommended. Tools of this type 
have been made with the twist as long as ten feet. 

The tenth is a taper-head drill which is used generally for end- 
boring for dowel pins and cross-grain boring in smaller sizes. 


The illustration shows a '/:-in. by 2'/,-in. shank, with a °/s-in.- 
diameter head. The spur machine drill shown as the eleventh 
has a brad point and two spurs for outlining the hole. It is for 
use in gang-boring machines with power feed, in sizes */, in. and 
sn.aller. 

The twelfth is a taper-head drill with a screw shank. This 
type of shank is required in spindles having screw sockets. The 
thirteenth at the extreme right is a spur machine drill with a 
screw shank for use in machines having spindles with screw sock- 
ets. 

When it comes to boring large-diameter shallow holes the 
machine center bit shown in Fig. 8, having brad point, one cutting 
lip, and one spur is used in machines with power and hand or foot 
feed. This bit has a flat body with the cutting lip extending 
beyond it. It is not recommended for deep boring because it 
does not have any twist for carrying out the shavings, and for the 
same reason it cannot be used in sizes smaller than °/, in. 

In recent years woodworking manufacturers have been using 
a great deal of plywood, and the bits used for years in boring 
solid stock will not give satisfaction in this material. The or- 
dinary double-twist machine bits with screw point have a ten- 
dency to lift the veneer away from the core, and in many cases, 
split the top and bottom layers. To take care of this need the 
No. 149 multi-spur machine bit shown at the right of Fig. 8 was 
designed to reduce tearing. The rim of the tool has a series of 
teeth which outline the hole, and the throat has one large opening 
where the chips are carried out. This tool will bore unusually 
smooth in any kind of wood with a minimum amount of power 
because the cutting lip and the spurs practically cut the same cir- 
cle, although the spurs are just a trifle ahead of the chip lifter. 
As the cutting edge wears the spurs should be reduced in the same 
proportion. The opening in the throat is flared at the back so 
that the chips cannot choke when coming through. The No. 
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149 can also be used in boring holes very close to each other, and 
when doing this kind of work will not split the stock. It can also 
be used for boring a portion of a hole, which is sometimes required 
on the ends or sides of boards. 

Fig. 9 gives an idea of the holes that can be bored in a piece 
of soft white pine without in any way splitting or breaking the 
stock. This tool is supplied in sizes */, in. and larger, some 
having been made even as large as seven inches, which are giving 
satisfactory service. 

Sometimes a tool is required that will merely cut the circum- 
ference of the hole leaving a circular block in the center without 
cutting it into shavings. This is done in many cases where the 
hole is so large that the boring machine does not have power 
enough to cut with an ordinary bit. The left-hand illustration 
of Fig. 10 shows a six-wing cutter with a plunger for pushing or 
holding down the circular disk as the hole is bored. The cutters 
on this tool are a part of the body, and the tool is supplied only in 
carbon or alloy steel. It can also be used as a large plug cutter. 

For boring in plywood glued with casein, a tool shown at the 
right of Fig. 10, having inserted cutters made out of high-speed 
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steel, should be used in place of that shown at the left of this il- 
lustration. Ordinary carbon or alloy steel will not stand up 
against casein glue, high-speed-steel cutters being necessary. 
This tool has three inserted high-speed-steel cutters with a spring 
plunger. These cutters can be taken out for sharpening, and 
other sets of spurs can be supplied for insertion if desired. Each 
cutter must fit in its own dovetail, and be ground with proper 


clearance. Two of them cut the outside circle, the third one 
cutting the inside. This particular tool has a No. 2 Morse taper 
shank. 


In bolting or screwing two pieces of wood together, in many 
cases it is necessary to have wood-boring bits or drills which have 
‘two diameters with the same center. Fig. 11 shows nine kinds. 
The countersink with double-spur counter and lead shown as 
the first to the left has two diameters with the same center, and 
is similar to the No. 150 double-spur machine bit. The screw 
point pulls the bit into the wood; the small diameter bores a 
hole according to the length of the lead, and then the large di- 
ameter starts cutting to whatever depth is required. Counter- 
sinks of this type are not carried in stock by the manufacturers 
because there are so many different combinations of sizes and 
lengths of lead and counter, and variations in shanks. When 
specified, it is of very great importance that the customer clearly 
advise the diameter and length of the lead, and the diameter and 
length of the counter and shank. 

When a hole has already been bored with a certain diameter, 
end is to be either enlarged or countersunk, the No. 189 counter- 
bore machine bit (Fig. 11B) will perform the necessary operation. 
The lead is merely a round plug, and the counter is similar to the 
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Fig. 10 At Lert, No. 147 Srx-Wine Cutter With PLUNGER; 
At Rigut, No. 148 Bortne Toot Witn Spring PLUNGER AND 
INSERTED CUTTERS 


No. 150 double-spur machine bit. It should be remembered that 
the plug must fit the hole to be enlarged, otherwise it will not 
follow the first hole. 

In the manufacture of various kinds of furniture, automobile 
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bodies, and wagons a great many screws are used for holding parts 
together. Before the screws can be put in, it is necessary to 
bore and countersink holes for various sizes of screws. .Fig. 11C 
shows a solid type of countersink with a taper-head counter and 
lead, the small diameter boring for the body of the screw, and 
the large diameter for the head. The bevel on the large diameter 
is always made with an 82-deg. included angle. 

Another type for the same purpose is the No. 188 split-shank 
countersink with an inserted drill shown in Fig. 11D. It can be 
adjusted for length of screw. Various diameters on the large 
part for the different sizes of screw heads are supplied, and these 
different ones have a variety of holes for inserting different sizes 
of drills. It is always necessary for the user either to specify 
the number of the screw for which he is boring the hole or to 
indicate the diameter of the small drill as well as the counter. 
The drill is similar to the No. 176 taper-head drill, but the shank 


Fie. 12 A, No. 140 Piug-Curtine Bit; B, No. 101-B Recuiar 
Houiow Cuisei; C, No. 120-B Bit 


must always be the same diameter as the head of the drill or it 
cannot be used in this type of countersink. The counter of the 
No. 188 has a cutting head similar to the No. 151 extension-lip 
machine bit, and cuts a square-bottom hole. The twist part 
does not have a very deep hollow because there must be enough 
stock between the bottom of the twist and the hole in the drill to 
give the tool sufficient body strength. 

This tool receives its name from the fact that the shank is 
split in the center, and when the setscrew is placed against the 
side and tightened, the shank compresses and holds the drill in 
place. These are furnished with '/,-in.-round shank in practically 
every case. 

Fig. 11E illustrates a tool similar to the No. 188, but it has a 
solid-center twist which gives more room for shavings as the one 
spiral ends in the throat of the bit. The chips entering the two 
throats lead into one channel. This gives them more room than 
on one having a double twist. 

Fig. 11F shows a very popular tool for countersinking screw 


holes where the head of the screw is left flush with the surface. 
The drill bores for the body of the screw, and the 82-deg. included 
angle on the body of the cutter for the bevel under the screw 
head. There is no twist on the large diameter because this tool 
is not used for boring more than to the top of the bevel. It has 
three cutting lips with a throat large enough for each one to 
throw out the chips, also a split shank which holds the drill in 
place when the setscrew is tightened in the spindle. 

When using split-shank countersinks it is always necessary for 
the drill to have a straight shank the same diameter as the cutting 
head. Fig. 11G shows a straight-shank drill for use with either 
countersinks or a three-jaw adjustable chuck. 

In many cases, when boring holes for bolts, a washer is used * 
underneath the head with countersinks requiring a lerger diameter 
than the screw heads. Figs. 11H and I illustrate two different 
types of adjustable countersinks and drills where the smaller di- 
ameter is so large that a split shank cannot be used. No. 192 isa 
countersink collar of the extension-lip type, having a hole clear 
through it and a setscrew on the side for fastening to the drill. 
The drill generally has a '/:-in. shank for inserting in */2-in. 
standard spindle sockets. 

The No. 193 has a shank which is a part of the large diameter, 
the small drill being inserted and held with the setscrew. This 
tool does not have as much adjustment as the No. 192 combina- 
tion with drill. 

Sometimes cabinetmakers desire to put in a screw and then 
cover it up with a wooden plug, having the grain running cross- 
wise to compare with the rest of the stock. In this kind of work 
a plug cutter similar to Fig. 12A is used in a boring machine to 
cut a wooden plug across the grain of the wood, the plug feeding 
out through the opening. The tool works very rapidly, one plug 
pushing out the other, but it will not cut plugs thicker than */, in. 
The hole in the plug cutter must be ground tapering, otherwise 
the plugs will stick. This tool is ordinarily furnished with a 
1/,-in.-diameter shank, and, when ordering, the customer should 
specify the diameter of the plug desired. 


Mortisine Toots 


When made with hand tools, a mortise is formed by boring a 
lot of round holes, and squaring the corners with an ordinary car- 
penter’s chisel. The first machine for making square and oblong 
mortises followed the same process with a machine bit for boring 
a round hole, and what is known as a solid chisel for cutting the 
corners. The solid chisel was used in a machine having a recipro- 
cating motion. Following this, about a half century ago, the 
combination of chisel and bit was designed for successfully making 
a clean mortise in one operation. 

The hollow chisel No. 101-B shown in Fig. 12B is made with 
a hole clear through it for the revolving of the bit. In each inside 
corner, the chisel is broached clear through, which has a tendency 
to agitate the shavings so that the twist of the bit carries them 
out either through the opening or through the top of the shank. 
The broaching is absolutely necessary in soft wood, but in hard 
wood it is immaterial, although a broached chisel will operate 
satisfactorily in hard wood. The cutting edges on the chisel 
are higher in the corners, with a radius toward the center of each 
wall, making a shear cut. They are filed to a double angle to 
strengthen them. Each wall must be of the same thickness with 
a clearance on the outside to prevent sticking in the mortise. 
The length of the blade begins at the cutting edge, extending to 
the end of the shoulder. The remainder of the chisel consists of 
a round shank for inserting in the socket of the mortiser, being 
held in position with a setscrew. The shoulder sets against the 
face of the chisel socket, and prevents the tool from slipping. 
The opening on the side is for ejecting the chips, and its width 
and length depend upon the size and length of the tool. 


4 
= 
i 
& 
A B 
Al ° 


WOOD INDUSTRIES 


Fig. 12C shows a regular hollow-chisel bit. It can be used only 
in connection with a hollow chisel of the same size. The head 
diameter is the same as the square of the hollow chisel with which 
it is used. The bit cuts the circle, and the chisel corners push 
the chips into the path of the bit. On the bit, back of the cutting 
lip on the side of the spurs, there is a short bevel with length 
equal to the thickness of the wall of the hollow chisel. This bevel 
makes a connection between the head and the twist, the twist 
being smaller in diameter. This bit is regularly supplied without 
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shank. The shank of the bit must conform with the hole in the 
bit spindle or its bushing, and can never be larger than the diam- 
eter of the twist. 

The hollow chisel is inserted and locked in the chisel socket of 
the machine, generally at a 45-deg. angle from the back fence of 
the mortising table. The bit is then inserted in the hole or bush- 
ing of the bit spindle, and set in proper relation to the cutting 
edges of the hollow chisel so that the cutting lips extend a trifle 
beyond the extreme cutting tips of the chisel. There also must 
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Fie. 13 A, No. 101-H Harp-Wear Cuiset No. 120-H Harp-Wear Bit; B, No. 101-H Harp-Wear 
Hottow Cuiset Wits No. 120-B Bit; C, No. 112 Retnrorcep D, No. 101 Hot- 
Low Wits Birt; E, No. 100-B Ostone Bar F, No. 142 Rignt-Hanp Router Bit 


point, the cutting edge being divided in the center, extending to 
the outer edge of the spurs. The spurs outline the hole, and cut 
off the cross-fibers of the wood. Bits in sizes 5/, in. and larger 
have side lips for supporting the spurs and the cutting edges, 
but on smaller diameters, they are not used because they have a 
tendency to stop the chips in the throat. As the chips are lifted 
by the cutting edges, they go into the throat, and are carried out 
by the double twist to the opening or out through beyond the 


be a slight play between the side lips of the bit and the center 
of the side walls of the chisel at its cutting edge. If there is 
friction between the side lips and the cutting edges of the chisel 
at this point, the heating will have a tendency to crystallize the 
steel, creating a higher hardness than is necessary, and resulting in 
the splitting of the chisel. 

After the chisel and bit are set properly in the machine, and 
the tools are in proper relation in the chisel carriage, the machine 
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can be started. The chisel carriage reciprocates in the ways of 
the machine, while the bit spindle revolves on belt- or motor- 
driven machines at a speed of approximately 3600 r.p.m. on 
medium-sized mortisers. At this speed the bit easily cuts a hole, 
ejecting the chips, while the chisel carriage makes the stroke into 
the wood. The result isa square cut. To make an oblong mortise 
it is necessary only to move the table, making successive 
strokes. 

Fig. 13A shows a recent development in a hollow chisel and bit, 
especially designed for hardwood mortising. One of the most 
difficult problems when mortising at high speed in hardwood is 
getting rid of the shavings. By putting one opening on each 
side of the chisel, one extending near the cutting edge and the 
other near the shank, the two overlapping in the center will 
more quickly eject the chips. 

The bit is made with a brad point for steadying the tool when 
entering the wood. It has the hard-wear type of spurs which are 
broad faced, pitched from three different ways to form a cutting 
edge which actually cuts a circle the width of the spurs. The 
regular spur does not remove the fibers but merely cuts them off, 
spreading them to either side, whereas the hard-wear bit removes 
the stock, avoiding a certain amount of friction. It will also stand 
up in hardwood because there is more stock in the body. The 
cutting lip on the hard-wear chisel bit has a slight droop from 
the point to the spur which creates a shearing effect and produces 
well-broken chips. In other respects they are the same as the 
No. 101-B and 120-B. 

In many cases, some of the older makes of mortising machines 
have spindles running underspeed, and a_ hard-wear hollow 
chisel with two openings is desired for quickly throwing out the 
chips. In this case, the No. 101-H hollow chisel can be used with 
the No. 120-B hollow-chisel bit for soft wood. This combination 
is shown in Fig. 13B. 

Reinforced-blade hollow chisels are supplied with 4-in. blade 
in sizes 1/,in. and 5/;. in., and with 6'/.-in. blade in sizes 
3/, in. to °/j¢ in. This type of blade is required on small chisels 
where the length of the blade is to conform with larger sizes. If 
the blade were made, say, '/, in. by 4 in. the entire length, 
it would be too weak near the shank without the reinforced sec- 
tion. There is no advantage whatsoever in using the reinforced 
pattern of chisel in large sizes since it decreases the cutting length 
of the blade, and the increase in strength is not necessary. 

Where a small oblong mortise is to be made in large quantities 
in soft wood, a chisel and bit can be furnished for making the cut 
in one stroke. Fig. 13D shows an oblong hollow chisel with bit 
for making an oblong mortise where the wide side is not more than 
50 per cent greater than the narrow side. If this size is exceeded 
there will be too much for the chisel to cut, and too much pressure 
on the chisel will cause the stock to be crushed rather than cut. 
This type of tool is not recommended in any case for hardwood, 
and is used only by sash and door manufacturers for making 
mortises for muntin bars. 

A good many sash-and-door plants have a muntin bar with a 
3/,-in. by */,in. tenon which requires a mortise of the same di- 
mensions. As this cannot be made with an ordinary oblong 
hollow chisel, a recent hollow chisel has been developed, as il- 
lustrated in Fig. 13E. This tool has a */s-in. hollow-chisel bit, 
leaving only '/i. in. on each side of the circle of the bit for the 
chisel to cut to make the proper size mortise. The shoulder of 
the bar covers up the 5/s-in. radius, and the corners hold the bar 
rigidly in place. The advantage of doing this is that all the 


mortises will be exactly the same size as the chisel, and if the bars 
have a tenon of the correct size, a satisfactory fit is secured. 
Some mortising is done, at the present time, with a router bit 
the same as Fig. 13F, used in a machine with an oscillating spindle. 
The bit generally revolves at a high rate of speed, and as the 


spindle oscillates, the tool is fed into the stock, making an oblong 
mortise with rounded ends. 


CoNCLUSION 


No definite rules can be laid down in regard to the types of tools 
required or the feeds and speeds of machines, because after 
twenty-five years of experience with boring and mortising tools, 
the author can state that working in wood isan entirely different 
proposition from metal having a definite hardness. There are 
so many different kinds of wood from the softest to the hardest. 
Then these have different moisture contents, some being bone 
dry, others being green and undried. This has considerable bear- 
ing on successful boring and mortising. 

Any woodworker having serious problems along these lines 
should submit his difficulties to a tool manufacturer who is 
thoroughly qualified for working out problems of this kind. 
The up-to-date tool maker is, at the present time, equipped with 
boring and mortising machines for experimental purposes. The 
user of boring and mortising tools should take advantage of this 
service and employ it whenever necessary. 


Discussion 


T. R.C. Witson.? The author seems to have covered the sub- 
ject quite fully. However, I expected to find at least brief men- 
tion of two tools that are not included. These are the Forstner 
bit and the chain mortiser. The Forstner is seemingly well 
adapted to boring parallel to the grain. Iam not acquainted with 
the advantages and disadvantages of the chain mortiser, but 
am under the impression that it is widely enough used to merit 
some discussion. Perhaps the author classes the chain mortiser 
as a machine rather than a tool and omits it for that reason. 

The single-edged mortising chisel is not mentioned. Perhaps 
because it is probably no longer widely used. 

The author implies that boring and mortising operations are 
carried out at all stages of dryness of the wood. It would seem 
to be essential to accurate work and the continued good fit of 
mortise and tenon that the wood be so seasoned that the changes 
in moisture content subsequent to boring, mortising, and tenoning 
operations will be minimized. 


AUTHOR’s CLOSURE 


The cutting chain on the chain mortiser should, no doubt, be 
considered a tool, so that a little discussion of the chain mortiser 
would be proper. Where a sash-and-door manufacturer makes 
an oblong mortise clear through the rail or stile, the chain makes 
the cut in one stroke. It can also be used in a blind oblong 
mortise where there is no objection to a rounded cut at the bot- 
tom. However, it does not give the satisfaction desired when 
mortising hardwood, nor is it adaptable for square or shallow 
mortises. 

The Forstner bit is used primarily for cutting any arc of a circle, 
and as this can be done with a multi-spur machine bit, the 
Forstner bit was not particularly referred to. 

The old style reciprocating mortising chisel, which Mr. Wilson 
refers to as the single-edged mortising chisel, is mentioned in the 
first paragraph under the heading, “Mortising Tools.” This 
type of chisel is practically obsolete, although there are a few 
small sash-and-door manufacturers who still operate some of the 
machines in which this chisel is used. 

When making cabinets, furniture, and automobile parts, it of 
course is necessary that the stock be worked in a kiln-dried con- 
dition. On the other hand, bits are made for boring timbers under 
water, and tree experts bore holes in growing trees. This presents 
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a difficult problem, particularly when boring to any great depth. 

If you will call on any of the railroad car shops, you will note 
that they mortise and bore timber without its being kiln dried, and 
at times the material is brought into the mill covered with snow 
and in a wet condition. Practically all of the large railroads in 
the United States now bore four holes in each end of the railroad 
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ties for the spikes before creosoting. This is done in an automatic 
tie-boring machine at the rate of eight to twelve per minute, 
and these ties are bored when having various moisture contents. 
Not only that, but they are full of checks and are sometimes 
coated with a sprinkling of sand. Each of these operations re- 
quires tools specially made for their class of work. 
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Plywood Cores as a Foundation for 
Good Woodwork 


By E. VERNON KNIGHT! anp THOMAS D. PERRY,? NEW ALBANY, IND. 


Plywood consists of laminated sheets of wood. The core supports 
the interlocking layers and the face veneer. Various manufacturing 
problems of plywood are discussed in this paper. The various 
woods used are selected for their strength, artistic figure, and work- 
ability. Some of the physical characteristics of the more usual 
species of woods are given. The various types of joints and the 
methods of matching and gluing are described, and department 
layouts for two plants are given to illustrate routing procedure and 
the types of woodworking tools used. 


precision for the foundations that are to support a super- 

structure of pleasing design, of economic utility, or of 
sturdy strength. Not only will the characteristics of the founda- 
tion be carefully proportioned and properly combined, but the 
size and strength elements will be calculated with great care and 
verified thoroughly. 

In much the same way a skilled woodworker plans the design 
and fabrication of the core that is to serve as a base for the 
exhibition of his artistic veneers. The core in modern plywood 
is the foundation which supports the face veneer of choice, highly 
figured, and artistically designed sheets of thin wood. 1t must 
be selected and proportioned for strength and utility. 

Plywood is the result of the skillful lamination of several 
sheets of wood in which the outer layers or face veneers are 
chosen for their artistic figure and the facility with which they 
may be finished. The layers adjacent to the outer surface are 
called “crossbands” and are laid at right-angles to the face 
veneers. The function of the crossband is to add strength, 
prevent distortion, and serve as an immediate base for the more 
fragile face veneer. In the center between the crossbands is 
the core, usually of lumber, sometimes of veneer, that gives 
strength and rigidity to the completed plywood. The grain of 
the core is parallel to that of the face veneer, and therefore at 
right-angles to the grain of the crossbands. When these five 
layers are glued together under pressure, the result is a five-ply 
laminated-wood product called “‘plywood,” as outlined in Fig. 1, 
although in the illustration the layers are separated to show 
the identity of the wood grain and glue strata. Plywood is 
also made in three-ply and in multiple (more than five) ply 
but the standard plywood of commerce is five-ply. 

Plywood is sometimes called “veneered stock,’”’ and while the 
term is correct, in that sheets of veneer are put together to make 
plywood, yet the word “veneer” has acquired a rather sinister 
meaning, and frequently conveys the impression of a beautiful 
surface covering or concealing a cheap, inferior, or shoddy base. 
The facts are, however, that the base or core of plywood is just 
as important as the face, as the foundation of the building is 
just as important as the superstructure. 


A N ENGINEER and an architect will plan with care and 
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Core REQUIREMENTS 


A core must be designed and constructed to provide a durable 
base on which the face veneer can be mounted, and the resulting 
plywood built into a cabinet or piece of furniture of pleasing 
design, adequate strength, and lasting utility. The need for 
careful selection and fabrication of plywood cores will become 
more apparent as the various manufacturing problems are con- 
secutively presented in this paper. 
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Fic. 1 Piywoop Layers SEPARATED TO SHOW THE Srruc- 
TURAL FEATURES OF THE DIFFERENT STRATA 


(A, five ply with lumber core; B, three ply with veneer core. The 

laminations when glued rigidly together tend strongly to balance the in- 

ternal stresses and strains and result in a sturdy sheet of compound wood 
with a rugged base as a foundation for fragile face veneers.) 


Wood is an organic material supplied by nature in a number 
of species with widely varying qualities of strength, beauty, 
durability, workability, and other characteristics. It is unlike 
steel, iron, or other synthetic materials which can be mixed, 
melted, rolled, alloyed, or combined in various proportions, and 
result in a finished material of precise proportions, predicted 
strength, and foreseen density or hardness. 

Wood, or lumber, as it is called in its industrial form, can be 
selected, prepared, and put together in such a way as to utilize 
most advantageously its qualities, but its inherent character, 
fortunately or unfortunately, cannot be altered. There are, 
therefore, woods in which the strength characteristics predom- 
inate, such as oak, yellow pine, or fir; there are woods in which 
artistic figure determines the intrinsic value, such as walnut, 
mahogany, satinwood, rosewood, and the like; there are woods 
of unusual workability, such as gumwood, white pine, poplar, 
and the like. Among the many woods available for the manu- 
facture of plywood are some that make beautiful face veneers. 
others that make excellent crossbanding, and still others that 
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MECHANICAL CHARACTERISTICS OF SPECIES OF WOOD CUSTOMARILY USED FOR PLYWOOD CORES, BASED ON TESTS 


AT FOREST PRODUCTS LABORATORY. MORE COMPLETE INFORMATION GIVEN IN BULLETIN 556 ‘‘“MECHANICAL PROPERTIES 
OF WOODS GROWN IN THE UNITED STATES—SEPTEMBER 15, 1917," BY NEWLIN AND WILSON. REVISED TO 1923 


Number Weight -———Compression————. Shearing Tension 
of per Parallel Max. Perpen- Paral-  Per- 
rings Moisture Specific cubic Bending to crushing dicular lel to pendicular —Hardness*—. 

Hardwoods perinch content! gravity? foot? static‘ grain‘ strength’ to grain‘ grain‘ tograint End Side 

Basswood Penna.—Wisc. 19 8.4 0.38 26 7300 4430 5980 580 1240 370 590 450 
Jilia americana 

Chestnut 10 8.6 0.44 30 7400 4420 6620 930 1160 470 780 580 
Castanea dentata Md.-Tenn. 

Gum, black 27 7.2 0.52 35 9200 4060 7000 1500 1460 470 1380 850 
Nyssa sylvatica Tennessee 

Gum, cotton 10 6.1 0.52 34 9800 5450 7910 1530 1840 940 1470 990 
Nyssa aquatica Louisiana 

Gum, red 16 11.3 0.49 34 8400 4960 6020 790 1750 870 1010 720 
Liquidambar styraciflua Missouri 

Magnolia, evergreen 15 8.8 0.51 35 7800 3940 6600 1250 1700 780 1480 1120 
Magnolia foetida Louisiana 

Maple, red 14 10.1 0.54 37 9200 5430 7330 1280 1970 660 1530 990 
Acer ruborum Penna.-Wisc. 

Poplar, yellow 14 6.1 0.41 27 8400 4470 7480 740 1170 570 590 450 
Linodendron tulipfera Tennessee 

Softwoods 

Pine, sugar 12 11.4 0.37 26 6400 4740 5190 640 1080 350 650 460 
Pinus lambertina California 

Pine, western white 28 7.9 0.43 29 7900 5810 7840 810 590 nae 470 420 
Pinus monticola Montana 

Pine, white 16 9.9 0.39 27 7000 5070 6360 760 1070 340 610 470 


Pinus Hrobus Wisconsin 


1 Per cent of air dried based on oven dried. 

? Oven dry based on volume when air dried. 

3 In pounds when air dried as indicated. 

‘ Fiber stress at elastic limit, pounds per square inch. 

5 Pounds per square inch. 

* Pounds required to imbed a 0.444-in. ball to one-half its diameter. 
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Fic. 2 Types or Joints In PLywoop Cores 


(A, planed joint or ‘‘jointer’’ joint; B, sawed joint without planing; 
"oe tongue-and-groove joints; and D, dovetail joint, single and double.) 


furnish substantial and economic cores. In this latter classi- 
fication are usually grouped poplar, basswood, chestnut, gum- 
wood, tupelo, and other woods of similar qualities. The principal 
physical characteristics of the more usual species of the fore- 
going woods are given in Table 1. 

These species of wood are sufficiently dense to furnish a good 
foundation for the fragile veneers, are affected to a minimum 
degree by climatic and temperature changes or variations, have 
little tendency to distort in use, are not difficult to dry, are 
reasonably easy to “work” on machines, are economic to pur- 
chase in suitable grades for core manufacture, furnish a good 
edge exposure (except possibly chestnut) for molding, and a 
good surface exposure for gluing and finishing. 

The ancients used white pine as a core wood because of its 
easy working properties and unusual stability. Its cost, how- 
ever, now prohibits its use for extensive core construction 
except in aggregated sheets of very small blocks. 

Other woods may be, and frequently are, used for core purposes 


in special cases and for definite reasons, but by far the greatest 
quantity of core stock used by woodworkers in the United 
States is of the species enumerated. 


Drytnc LuMBER FOR CorpBs 


Lumber as it grows in the tree contains a large proportion 
of moisture, the removal of which results in considerable shrink- 
age as well as strength increment. In order to manufacture 
cores properly from this lumber the moisture must be reduced 
to a point between 3 per cent and 5 per cent, since lumber under 
10 per cent is subject to a negligible amount of shrinkage and 
swelling and is in its best working condition. At this point 
lumber is considered suitable for conversion into cores and to 
serve as a base for assembly into plywood. During the manu- 
facturing and assembling process this moisture content may 
increase to between 7 per cent and 12 per cent, but each addition 
of moisture during manufacturing must be removed by inter- 
mediate drying or tempering operations. It is sufficient for 
the purpose of this paper to set drying standards that must be 
reached rather than to discuss methods of reaching them. 
Properly dried lumber should have a brief tempering between 
the dry kiln and core-manufacturing operations in order to 
equalize the internal stress and strain set up by the drying 
operation. 

The different steps of planing, sawing, jointing, glue clamping, 
resurfacing, gluing, and finishing will be indicated later in this 
paper in connection with machine floor layouts, but first it is 
necessary to describe the types and kinds of cores required by 
the discriminating woodworker, both from a quality and a cost 
standpoint. 


Types or Core Joints 


Joints required in different types of lumber cores are shown 
in Fig. 2, in which ‘“‘A” is a planed or “‘jointer’’* joint; in other 
words, the rough sawed edge of a board is planed or jointed to 
a smooth surface at right angles with the face of the board, 
and the two edges so prepared are glued together under pres- 
sure. This process results in a core joint which frequently can 
be detected only by the difference in the grain of the adjacent 
pieces of lumber. It has the disadvantage of wasting an appre- 
ciable amount of material in planing the two edges, and of 
offering little roughness for the adhesion of the glue. This 
joint has been used quite extensively in the woodworking in- 
dustry. 


3 A jointer is a narrow planer for truing edges of boards. 
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The second joint “B” is the result of gluing together under 
pressure two sawed edges of boards without planing. The par- 
ticles of glue are known to find better lodgment on a rough 
surface than on a very smooth surface, and the wood saved by 
eliminating planing is an obvious economic advantage. The 
modern rip saws produce edges of such straightness and relative 
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it wastes from 8 per cent to 15 per cent of the available lumber 
in providing for the dovetail joints. 


Typss or Core ConsTRUCTION 


The principal arrangements of lumber in a core, from a surface 
rather than an edge viewpoint, are shown in Fig. 3, in which 
“A” illustrates a plain core of rectangular shape made up of 
relatively narrow parallel strips. Wide pieces (over five inches 
wide) are a detriment to a core, as wideness increases the ten- 
dency to warp. The ideal core, if the cost of workmanship 
could be ignored, would be made of strips of from '/2 in. to 1 in. 
in width, but the ordinary manufacturing practice is from 2 in 
to 5 in. 

A plain core with standard straight joints, such as shown in 
“A,” permits the resulting plywood to be cut down from large 
sheets to smaller pieces with no exposure of core construction 
conditions. Such a core, however, of parallel full-length strips 
is more expensive than the others described. 

Greater economy in core construction results from the random 
joint shown in “B” in which the various angles of the joints per- 


Fic. 3 Types or Cores 

(A, plain core, full length parallel strips; B, random core; C, butt joint strip 
core (saw joint); D, segmental or sectional core; and E, block core for door 
or desk bed. Narrow pieces — largely opportunity for warp and 
smoothness that it is frequently difficult to detect the difference 
between a planed and sawed joint. Many of the larger and most 
discriminating woodworking factories are adopting the sawn- 
glue joint in cores for all except the most exacting work or can- 
spicuous locations. 

Some manufacturers still prefer the tongue-and-groove joint, 
which is shown in several types in “C.” The only advantage in 
the tongue-and-groove joint is the centering of the adjacent 
pieces when drawing up in the glue clamp. Hence the addi- 
tional material and machine labor required to make a tongue- 
and-groove joint are scarcely justified. The tongue-and-groove 
joint is also quite noticeable in exposed locations. The planed 
or sawed joint, properly manufactured, is as strong as the wood 
itself, and is more likely to fail by splitting or tearing of the 
fiber near the joint than to cleave apart on the joint; hence the 
tongue-and-groove joint offers no strength advantage. 

A still further type of core joint is shown in “D’’ and may 
be termed a dovetail joint. In this case there is a mechanical 
interlocking of the wood by a tapered tongue which frequently 
tapers both longitudinally as well as transversely. This type 
of joint can be made without glue jointing delays, by driving 
together or forcing together under pressure in a machine, and 
therefore does not require the normal elapsed time under pres- 
sure in the clamp to obtain glue adhesion. The machines, how- 
ever, in which this dovetail joint are made are expensive, require 
rather extensive time allowance for ‘set-ups,’ and are not as 
speedy as the simpler clamping operations. The dovetail 
joint also requires 8 per cent to 10 per cent more lumber for 
the same net core product than in planer joints, or 12 per cent 
to 15 per cent more lumber than in sawed joints. In other words, 


Fic. 4 Types or BANDED or RatLep Cores 


(4.8, ¢, varieties of plain rails; D, mitered rails; E, rimbound, semi-circular 
bent rails; F, semi-circular mitered rails; and G, inserted or interior rails.) 


mit full utilization of irregular pieces. The result is not quite 
so favorable for cutting large sheets into small pieces. The 
manufacture of this type of core, however, requires the handling 
of every strip of the core in its actual core lengths, whereas the 
strips in plain core “‘A”’ can be ripped out of long boards, and the 
cost of the labor reduced. 

The third type of core, more economical to make than either 
“A” or “B,” is that shown in “C,” in which each strip in the core 
(except the outside strips) may consist of two or more length- 
wise pieces, with square-cut ends to eliminate space between 
the butt joints, and placed with care to avoid neighboring joints 
on adjacent pieces. Such a “butt-joint core’ can be made in 
multiples by keeping the butt-joints away from the recutting 
lines, and by providing a center strip for resawing. In other 
words, a butt-joint core can be made in multiples of four with 
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provision for the separation on the dotted lines as shown. This 
type of core results in the most economic use of lumber, but is 
necessarily made with a sawed joint and standard widths. 

A variation of the butt-joint core shown in “C”’ is the seg- 
mental core shown in “‘D’’ in which the short strips are built up 
into sub-cores, tongued and grooved on both ends, jointed, and 
combined in the core as shown. Careful planning will make 
it possible to build these cores in multiples and separate them 
after the plywood has been completed. 

Still another type of core is shown in “E” where the combina- 
tion of small pine blocks and alternate strips of veneer is used 
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that it is desirable to supply a plywood edge exposure either 
of the same wood as the face veneer or a wood of similar texture. 
A core is then said to have rails or bands, which may be arranged 
in any of the several methods suggested in Fig. 4, in which “A,” 
“B,” and “C” are plain rails in various arrangements, while 
“TD” is a mitered rail, expensive to make and seldom used except 
where there is an unusual corner exposure in molding. A 
specially arranged bent rim (steamed in forms) for circular or 
oval table tops is shown in “E” and is generally called “rim- 
bound.”” Another means of banding curved table tops with- 
out the use of a bent rim is shown in the partially mitered rims 


Hanp Cuiamps ARE AT THE LEFT 


OF THE PICTURE 


(The glue roller in the center of the front table provides a uniform but minimum spread of glue on edges to insure a strong joint 
without the introduction of any unnecessary moisture into the wood.) 


As previously 
suggested white pine makes an ideal core. Its availability for 
core purposes is principally in small blocks that are downfall 
from sash and door cuttings. These small blocks can be sized 
with planed or sawed edges, and then built up into cores with 
alternate layers of scrap veneer. The principal function of the 
veneer strip is the ease with which it can be passed through the 
glue spreader and provide double adhesive surface for building 
up the core. In this type of door core a continuous strip of 
lumber is placed on each outside edge. 

All major defects should be cut out of core lumber, but defects 
such as small sound knots, wormholes, and minor blemishes need 
not be eliminated unless coming at outside edges or ends. 


to build up cores for flush doors or tops for desks. 


RaiLinG oR BANDING oF CorEs 
It frequently happens in the design of furniture and cabinets 


of “F.” A method of internal banding to provide a ‘“‘cut-out”’ 
for a typewriter desk top is indicated in ‘‘G.” 

In almost all instances the bands are attached to the cores 
by tongue-and-groove construction, glued, and clamped. (See 
right-hand joint under “C,” Fig. 2.) This tongue and groove 
is not used on the mitered corners of ““D” nor where band or 
rail joints have an edge exposure. 

The interior portion of the various banded cores in Fig. 4 
may be made according to any of the types of construction 
shown in Fig. 3. 


MatTCcHING 


After the various strips of core lumber are ripped, crosscut, 
and jointed (unless the sawed joint is to be used) they are ready 
to lay together or to match up into complete cores or multiples 
of cores. Saw-jointed strips are usually of standard widths, 
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and a standard assembly arrangement is selected for the desired 
total width. If strips are “jointer’ jointed or random type 
shown in “A” and “B” Fig. 3, it will be necessary that they be 
assembled on a matching table. This consists of a table with 
side gage set at the desired width from the saw. The strips 
are assembled between the gage and the saw, the last strip 
adjacent to the saw being wide enough to make the outside 
strip of the core then on the table and the outside strip of the 
next core, leaving the saw cut on the outside edge and providing 
jointer joints, if used, for all interior joints. 

The more progressive factories with large production schedules 
are rapidly abandoning the matching table and jointer joint for 
their large production work, as these operations are unnecessarily 
time consuming. Rip saws for saw jointing may be of the gang 
rip-saw type for ripping full-length boards to standard widths, 
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is from thirty to sixty minutes. There are a number of types 
of revolving leaf clamps, mostly hand operated, although the 
larger units may have a geared motor drive for moving the leaves 
through the clamp cycle. The economy in the use of revolving 
clamps is not so great as would normally be anticipated, since 
they require considerable head and floor room. Many factories 
continue to use the standard hand clamp, alternating them 
above and below the completed core, and piling the clamped 
cores for the necessary interval to permit the initial set of the 
glue on the joints. (See Fig. 5.) For small runs the hand 
clamp is undoubtedly the more economical, and for long runs of 
uniform size where head room is available, the revolving clamp 
is undoubtedly the best economy. 

The artificial heating of assembled cores during the drying is 
not to be advised, since it is uncomfortable for the workmen, 
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Fic. 6 Core Department Layout oF New ALBANY VENEERt*NG Company, New ALBANY, INDIANA. ARROws SHOW DIRECTION 


oF MovEeMENT OF ProcEssED Stock 


or of the continuous-chain feed variety to rip core strips after 
crosscutting. The problem is chiefly one of a minimum saw 
kerf with semi-smooth board edge, but an edge that is square 
with the surface and straight lengthwise. Progress in the 
development of rip saws and experience in saw-tooth design 
have brought the sawed joint to such a state of perfection that 
it is now the principal means of preparing lumber for core work, 
and the results are entirely satisfactory to the trade, except for 
occasionally exacting conditions of edge exposure as previously 
outlined. 


CLAMPS 


Most of the clamping of core strips into the completed cores 
is done on revolving leaf clamps, similar to that shown in the 
illustration in Fig. 5.4 Each leaf has end and side clamps, and 
as each leaf comes to a working position the completed core 
(glue dried) is removed, a new core (glue fresh) inserted, and the 
next leaf brought into working position. The length of the 
machine and the time the completed core remains in the clamp 
are somewhat dependent upon the type of glue used (reduced in 
some instances to twenty minutes), although a better practice 


‘See “Design and Application of Clamp Carriers for Wood 
Gluing,” by Raymond W. Burns, of James L. Taylor Manufacturing 
Company, Poughkeepsie, N. Y., in ‘‘Mechanical Engineering,”’ 
May, 1926. 


slows down their operations, and is of very little actual benefit 
in speeding up the initial setting of the joint glue. 


Joint GLUES 


The traditional glue used for joints is an animal glue of a 
reasonably high grade, and of such ingredients as to permit a 
quick setting. The use of animal glue, however, requires that 
the core lumber be kept warm during its application and after 
its application until it is set. For this reason many core makers 
prefer casein or vegetable glue. 

The vegetable glue normally used in a plywood factory is 
seldom of the proper ingredients to make a good joint glue, and 
a quick setting vegetable glue is usually supplied. This can be 
prepared in the regular plywood vegetable-glue mixers, and 
piped under pressure to the core department, where it must be 
delivered into some type of tank with a slow beater or mixing 
paddle to preserve its fluidity. 

Casein glues properly prepared with low lime content are 
frequently used for core glue. A casein glue sets quicker than 
the vegetable glue; in fact, it will set as quickly as animal glue. 
Unless great care is used in keeping the lime content at the 
minimum, a casein-joint glue may produce hard joints that dull 
the planer knives. This difficulty, however, has been over- 
come, and casein-joint glues of commerce are satisfactory for 
planer use, and are reasonably water resistant. 
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PLANING CorEs 


Some factories provide a preliminary surfacing of the lumber 
before ripping or crosscutting in order to reveal the character 
of the wood, and others prefer to retain the full thickness of the 
wood until after clamping and gluing the strips into cores. 
Whether or not core lumber has had the initial planing before 
cutting to width and length, there is still the necessity of one, 
and preferably two planing operations to reduce the rough- 
glued core to the net thickness and even surface required for 
plywood. Most authorities agree that two surface-planing 
operations are preferable to one, principally because of the un- 
even and irregular depth of top and bottom cuts when it is 
attempted to plane rough-core lumber to the finished thickness 
at one ope~ation. 

The most important consideration in planing cores is an 
absolutely uniform thickness, to insure even pressure in the 
plywood assembly, as well as dependable glue joints between 
core and crossing. A perfectly smooth surface is not so favor- 
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Corr DepaRTMENT Layouts 


Most plywood units are of such limited size that few intensive 
studies have been made of sequential processing. Two inter- 
esting examples, however, of highly developed core-manufactur- 
ing units are shown in Figs. 6 and 7. In both of these layouts 
the lumber is removed from the kilns on kiln trucks, is allowed 
two or three days for tempering in dry storage on kiln trucks, 
and goes directly to the lumber lift at the planer still on kiln 
trucks. 

Considering the core department of the New Albany Veneering 
Company, New Albany, Indiana, the first planer or double- 
surfacing operation, “D” Fig. 6, is merely to ‘“‘clean up” the 
boards, and to permit the workmen to eliminate defects, and 
choose the best portions of the lumber for core work. The 
lumber lift “C”’ makes it possible to keep the top layer of boards 
practically level with the working height of the planer feed table 
“D.” The boards, after passing through the planer “D,” go 
directly to the gang rip saw “E,” cutting to standard widths in 
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able for glue adhesion as 
the irregularities will not s 


e with slight roughness, providing 
y through the face veneers. 

It is obvious, of course, t a sufficient interval must elapse 
between the time the lum strips are glued and clamped into 
cores and their planing, to *ermit the evaporation of the water 
introduced with the joint glue. This water, carried into the 
wood in the joint glue, will naturally cause the wood to swell 
and increase the thickness of the wood immediately adjacent to 
the joint. The subsequent evaporation of this water will permit 
the planing of the core without the shrinkage at the joint and 
consequent ‘‘sewers’’ in the finished plywood. 

The rough clamped stork is usually piled on trucks with 
stickers, giving plenty of 0, ortunity for the evaporation of the 
water of the glue joint. Usually twenty-four to forty-eight 
hours is adequate time for this evaporation under ordinary con- 
ditions. This evaporation is frequently termed “tempering” 
cores before planing. 


( oRE MANUFACTURING DEPARTMENT OF Woop-Mosaic Company, LovuisviLLe, Kentucky 


preparation for the saw joint, as shown in “B,” Fig. 2. The 
widths produced by the gang rip saw are such as to accumulate 
into standard widths required for the finished plywood dimensions. 

In Fig. 7, the largest plywood core plant in the world, the 
Wood-Mosaic Company of Louisville, Kentucky, the lumber 
starts to follow essentially a similar course from dry storage to 
the lumber lift “C,” through the double surfacing planer ‘‘D” 
for “cleaning up,”’ and at this point the difference begins. The 
Wood-Mosaic processing goes direct from rough surfacing to the 
cut-off saw, and the ripping to random or standard width is 
subsequent to cutting to length. Whether to rip or crosscut 
core lumber first is by no means a settled point among wood- 
workers, but plenty of good precedent is found in both directions. 

At this point in the procedure marked differences appear be- 
tween the two plants. In Fig. 6 showing practice of the New 
Albany Veneering Company, the ripped lumber in full lengths 
passes from the gang rip saw “E” via a conveyor belt “F” to a 
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triple distributing chain “G.” This chain ‘“‘G” distributes the 


ripped boards to the battery of nine clip saws “J’’-“‘J”’ for cross-. 


cutting. The off-bearing, between the chain “G” and clip saws 
“J’-“J” is adequate to maintain the lumber “H” at every 
clip saw at convenient working height, and thus stimulate 
maximum operator production. The off-bearers on the clip 
saws assemble the strips on trucks “K” according to the speci- 
fied requirements for width, length, and quality. A swing saw 
is provided at “JJ” for salvaging the edging strips that have 
sufficient widths to justify it. A waste-block conveyor is pro- 
vided at “‘T” to “TT” to carry the short waste blocks to the 
hog at ““U,” which reduces all blocks to fuel. 

Most of the cores made with sawed joints are glue-clamped 
immediately at “L,”’ and adequate space is left for a stock of 
unglued and glued stock between the clip saws and glue tables. 
An emergency swing saw and rip saw are located in this depart- 
ment. 

Cores that are ripped after crosscutting go through self-feed 
rip saws at ‘““M’’-“‘M.” Cores that are to be jointed pass over 
jointers ““N’’-“‘N” and matching tables ““O”’-“O.” 

The revolving clamp “P’’-“‘P” is used for both saw-jointed 
and jointer-jointed cores, and this clamp is filled and discharged 
from the same end as indicated. After clamping, the glued and 
tempered cores pass directly to the two stage planers at “‘Q” 
and “R.” 

Inspection and repair departments are located at “S” and 
“W,” respectively. Hence the finished and inspected core, 
entering as lumber at “A,” is ready for plywood assembly at 
“S” at the end of its direct sequential process. 

This core-manufacturing department of the Wood-Mosaic 
Company is located in a high one-story building with only one 
line of posts down the center, giving ideal conditions of light and 
ventilation. The floor plan of this building is shown in Fig. 7 
in which the kiln-dried lumber moves from dry storage at “A” 
to lumber lifts at “C.’’ From the lumber lifts the lumber goes 
to planers “D’’-“D,” which clean up the boards for the proper 
selection of core stock. The swing cut-off saws ‘JJ’ are six in 
number. From the swing cut-off saws the short boards pass 
directly to nine chain-feed rip saws ‘‘M”’-‘‘M.” Beneath the 
floor under the battery of swing cut-off saws and rip saws are 
two conveyor belts ‘“T,” delivering into a transverse conveyor 
belt “TT,” which carries all refuse from the ripping and 
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cross-cutting operations to the hog which is located at “U.” 

From the rip saws the ripped and crosscut pieces go to the 
jointers ‘“N’’-“‘N,” each jointer being served with a matching 
table “O’’-“O.” The matched stock, ready for gluing, passes 
from the matchers “O’’-“O” to the steam grids adjacent to the 
revolving glue clamps “P’’-“P.” These steam grids keep the 
stock warm for the application of animal glue. From the re- 
volving clamps the stock passes to the tandem double-surface 
planers “Q” and “R,” with usually an inspection between the 
planing operations. There are two tandem planer groups, one 
on either side of the building. 

In the center section is the repair department “W” which is 
used not only for repairing minor defects, but also for making 
up small lots. After the tandem planing operation and the 
final inspection the cores pass through the trim saws ‘‘X’’-“X,”’ 
reducing them to the net size required for the customer’s speci- 
fications. This net size, however, usually allows from */, in. 
to 1 in. trim on both sides and ends by the customer after as- 
sembly into plywood. 

In both of the plants illustrated in Figs. 6 and 7 there are a 
number of small conveniences like intercommunicating belts 
between machines, adjustments for synchronizing machine 
operations to permit sequential grouping, and many other re- 
finements of mechanization that are too numerous to include in 
a paper of this character. 


CoNCLUSION 


It is obvious that the lumber core for plywood resulting from 
either of the processes outlined will be made with the minimum 
of labor, and with the maximum of material salvaged. The two 
illustrations given are the most modern examples of the applica- 
tion of engineering science on the making of a well-proportioned 
and well-designed plywood core to serve for the foundation for 
the later application of artistic face veneers. 

The scientific methods of labor elimination shown by the vari- 
ous material-handling devices cannot alone insure good work- 
manship, but experienced artisans are as necessary in efficient 
core production as they ever were. Engineering skill, however, 
has brought the two factories described here to an advantageous 
stage uf mass production, and their development is added proof 
of the opportunity that exists in the woodworking trades for a 
wide scope of engineering development and improvement. 
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saw in the rear and to the left is ready to receive the log loaded on the carriage. 


Gana-Saws IN OPERATION 
ound has been cut on the gang-saw to the right and has been transferred from the rear carriage to the conveyer. The gang- 


Part of the frame of the left-hand gang-saw is swung out to show 


the position of the saws.) 


Scandinavian Gang-Saws for Closer 
Utilization of Timber 


By AXEL H. OXHOLM,' WASHINGTON, D. C. 


of paramount importance, not only as a means of increas- 
ing profits, but also in its reiationship to the question 
of providing a perpetual timber supply. Reforestation is not 
yet a commercial success except *: a few instances. The reason 
is simple to understand. It tees anywhere from 50 to 150 years 
to grow timber to what toc sy is termed sawlog size. Only one- 
third of the tree is put ‘o use. Two-thirds is wasted either in 
the woods, in the sav. mills, in the fabricating plants, or at the 
point of final consumption. It is too much to expect that this 
one-third of usable material should pay the cost of refores- 
tation, and carry the timber until it reaches maturity. To in- 
crease the present utilization of wood is, therefore, the logical 
procedure of encouraging commercial reforestation, and it is 
along these lines that the National Committee on Wood Utiliza- 
tion is working. 
1 Director, National Committee on Wood Utilization, U. S. De- 
partment of Commerce. 
Presented at the Fourth National Meeting of the Wood Indus- 
tries Division of the A.S.M.E. at Rockford, IIl., Oct. 16 to 18, 1929. 
Note: Statements and opinions advanced in papers are to be 


understood as individual expressions of their authors, and not those 
of the Society. 


EK LIMINATION of waste in the forest industries is a matter 


One of the outstanding wastes in logging and sawmill opera- 
tions today is the failure to utilize top logs and small timber. 
Billions of feet of this material is left on the ground in every 
part of the country because sawmill machinery has been de- 
signed for the conversion of large logs and heavy timber and but 
little attention has been paid to the cutting of logs of small top 
diameter. On the Pacific Coast, for instance, one often finds 
that logs of from 18 in. to even 22 in. in top diameter are still 
left in the woods because the high cost of labor and tramspor- 
tation makes it unprofitable to take this timber to the sawmills. 
Even in the Southern States, where the cost of labor is very 
much lower, a number of lumber companies are not converting 
logs of smaller top diameter than 14 in. This timber left on the 
ground constitutes a serious fire menace, and retards the proc- 
esses of natural reforestation. Official investigation in the 
Southern States has supported the lumbermen in this policy, 
because there is hardly a standard mill in the entire country 
which can convert softwood logs of smaller diameter than 14 
in. at a profit, on present band or circular saws. 

The National Committee on Wood Utilization realized that 
one of its main tasks would lie in this field, because a profitable 
conversion of small timber would be an important aid in good 
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forest management, calling for selective cutting, and the weed- 
ing out of small trees standing in the way of other trees and ham- 
pering their growth. As far back as 1916 the Department of 
Commerce had investigated the matter, and during 1917, 1918, 
and 1919 it was the author’s privilege to investigate the Scandi- 
navian sawmilling methods for the Department, because it 
was realized that much could be learned from those countries 
where the manufacture of small logs into lumber was being 
successfully done under forest and labor conditions similar to 


Fie. Gane-Saw SHow1ne Feep AND ARRANGEMENT 
oF Saws 1n Frame. Upper Freep Is Raisep anp 
LOWERED AUTOMATICALLY TO FEED oF VARYING SIZES 


3 Log 1n Posrrion For LOADING ON CARRIAGE 


those prevailing in many parts of the United States. The re- 
sult of the investigation has been published by the Department 
of Commerce. The fact was brought out that the largest types 
of logs converted into lumber in Scandinavia would hardly ex- 
ceed 13 in. in top diameter, and most of the Scandinavian com- 
panies cut logs down to 3 or 4 in. in top diameter. Further 
more, the operation is profitable in spite of the relatively high 
cost of labor and stumpage. These favorable results depend 
wholly on the use of the so-called Scandinavian type of gang- 
saw. 

In 1925, the National Committee on Wood Utilization es- 
tablished a special subcommittee for the purpose of investi- 
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gating the use of this type of sawmill equipment in the United 
States. The action was prompted by the increasing shipments 
of North European lumber to our Eastern shores, cut from small 
logs which we in this country were unable to utilize, and which 
successfully competed with lumber cut from our virgin timber. 
Arrangements were made for the installation of two types of 
Scandinavian gang-saws following an investigation of two in- 
stallations already made in New Hampshire and in Virginia. 
The Tumwater Mill Lumber Company, Olympia, Washington, 
cooperated with the committee in this test, and a new mill was 


Fie. 4 Loe Atmost Gano-Saw 


(The carriage claws have been released and carriage is ready to drop back 
for loading the next log.) 


Fie. 5 Green DovueGuas Fir Boarps SAwED ON SCANDINAVIAN 
Gane-Saws To 1-In. THICKNESS 


(So accurate was the sawing that no discrepancy was found when the com- 
bined thickness of seven boards was measured.) 


constructed and equipped with two standard Scandinavian 
gang-saws. The mill started operation last April, and the com- 
mittee conducted its tests during May and June with very inter- 
esting results. In the meantime, the Scandinavian producers 
(the Swedish Machine Works, of Sodertalje, Sweden; Karlstad 
Mechanical Works, Karlstad, Sweden; and J. & A. Jensen & 
Dahl, Oslo, Norway) made arrangements with a manufacturing 
company, the Mill Engineering and Supply Company of Seattle, 
Washington, for making these gang-saws in this country, and 
several installations of the gang-saws have been contracted for 
on the Pacific Coast. 

Previously, the committee tested the gang-saws of the Bolinders 
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Company, of Stockholm, Sweden, installed in Alta Vista, Vir- 
ginia, and in Rochester, New Hampshire. Inasmuch as the 
two types of gang-saws are similar in design, a general descrip- 
tion of the Scandinavian gang-saws as installed at the Tumwater 
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chines weigh in the neighborhood of 21,000 lb. The Scandi- 
navian gang-saw differs from the American type in many respects. 


The feed speed can be changed with the machine in operation. 
Both top and bottom feed rollers are power driven, and both 
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Fie.6 Log Storace Ponp or Tumwater LuMBEeR MILis COMPANY 
(Logs of the same top diameter are stored in separate pockets.) 


Fie. 7 Log Hauts—One ror Eacu Gano-Saw 


Lumber Mills at Olympia, Washington, will suffice to cover 
both types. 


Ganc-Saws 


Gang-saws are furnished in several sizes. The current type 
for the American market has a width of sash of about 24 to 34 
in. The stroke is 20 in., and the speed from 325 to 350 r.p.m. 
The horsepower requirements range from 50 to 80. The ma- 


rollers swing out separately, whereby the change of saws may 
be effected in a very short time (usually from 10 to 15 min., 
or less). The top feed rollers are self-adjusting and follow the 
contour of the log. Even branches protruding several inches 
from the log offer no hindrance to the operation of the machine. 
This is a special feature of the Scandinavian gang-saw, and makes 
it possible to saw round logs. The crank bearing is supplied 
with self-aligning roller bearings. 
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OPERATION OF GANGS 


In order to secure the best results, the logs must be sorted in the 
log pond according to top diameters. The usual arrangement 
is to separate the pond into pockets where logs of the same top 
diameters are stored. For each diameter class a separate sawing 
schedule is developed. The logs are taken up by the bull chain, 
which stops automatically when the log reaches the position 
ready for loading on to the carriages. This stop mechanism is a 
simple device consisting of a lever which when touched by the 
log, moves the belt from the fixed pulley to the loose one. There 
are four carriages, two in front and two in the rear of the machine. 
The main infeed carriage is equipped with claws which can be 
operated easily, and which hold the log firmly in place. The other 
supporting carriage in front of the machine consists of a steel 
beam mounted on wheels, on which the front end of the log 
rests. The loading of the logs on to the carriage is done auto- 
matically through a system of kickers similar to those used in 
American mills. The log is then so turned on the carriage, 
when conducted toward the saw, that the operator is required 
to see only that the machine is operating properly, and to take 
care of the next log on the carriage. When the front end of the 
log enters the gang, it is lifted free of the small supporting car- 
riage in front which automatically moves back to its original 
position. The holding claws on the main infeed carriage are 
released automatically when the carriage comes within a pre- 
determined distance from the gang, and the carriage is then 
brought back to the proper position for the next log. This 
follows closely on the rear end of the first log, so that the sawing 
is continuous. In the rear, a carriage provided with claws simi- 
lar to the carriage in front holds the sawed lumber in place, 
and the assistant sawyer operating the carriage pushes a floor 
lever which causes two or three stéel arms to convey the lumber 
on the conveyer to the edger. 

It is remarkable that these gang-saws require only two un- 
skilled men for their operation, one in front and one in the rear. 
The work is easy, and under proper conditions the machines 
are in continuous operation throughout the day. The saws 
are filed twice a day, this work being done by semi-automatic 
machinery, which reduces the cost of filing. 

The machine has a capacity of from 30,000 to 35,000 ft. per 
8-hour shift. Logs averaging 12 to 14 in. in diameter and 18 
ft. long are cut in 60 sec. According to the Scandinavian sys- 
tem, the saws are spring set and usually of 15 to 16 gage. A 
problem has come up in regard to the saws which were designed 
for European timber that is not as hard as Douglas fir. For 
this reason the mill in Olympia reverted to swaged saws of heavier 
gage, but the question of producing spring-set saws of proper 
hardness of steel is now being investigated by American saw 
manufacturers. It is of paramount importance that the Scan- 
dinavian gang-saws are capable of producing lumber which is 
cut so accurately that not even the slightest miscut has been 
noticed. Furthermore, through the use of spring-set saws the 
surface is so smooth that the lumber may be used without fur- 
ther sizing. That this means considerable economy is evident, 
since the sizing process alone removes at least '/, in. of wood 
and often more, and this process involves about 50 cents per 
thousand feet in labor charges. What such a saving will mean 
to the country as a whole may be judged from the fact that if 
such lumber could be produced for the box and crate industry 
alone, it would save 110,000,000 ft. per year which is now being 
wasted in the form of chips produced through the sizing process. 

As might be expected, the saving in lumber is considerable. 
It is safe to figure on obtaining from 25 to 30 per cent more lum- 
ber from the log when gang-saws are used than can be obtained 
when any conventional method of sawing is employed. 

Contrary to general belief, the Scandinavian gang-saws are 


not competing with any American sawmill machinery now on 
the market in this country, because the Scandinavian gang- 
saws are intended primarily for small logs for which no suitable 
American machinery is available. Logs of a size suitable for 
the gang-saws usually do not contain an appreciable percentage 
of clear lumber, and it is therefore possible to disregard the ques- 
tion of separating the clear from the common grades by turning 
the log. While it is possible to saw for grades on the gang-saws 
and obtain practically all available “clears’’ by the turning proc- 
ess there is no doubt that for larger logs, where the sawing for 
quality is essential, the band-mill method is the most satisfac- 
tory. 

At this time the committee has not issued its final report in 
regard to the cost of operation, but it is sufficient to say that 
the gang sawing of lumber in accordance with the Scandinavian 
system is much cheaper than that of other methods. That 
non-skilled labor may be used is also an advantage, because the 
relatively low value of the raw material will not permit the em- 
ployment of highly skilled sawmill labor. It is, however, possible 
to increase the overrun and improve the general results already 
attained by operating two gang-saws, one behind the other, 
cutting a few side boards from the log in the first gang, then 
turning it 90 deg. and running it through the second gang. Use 
of this method would result in a larger percentage of high-grade 
lumber, and the edging operation would be reduced to a mini- 
mum, since only the side boards must be passed through the 
edger. 

The weak point with most American mills, having both band- 
saws and circular saws, is the overcrowded edger. This over- 
crowding has also been experienced in connection with the opera- 
tion of the Scandinavian gangs, because the capacity of these 
gangs had been underestimated rather than overestimated by 
the designers of the mill. For this reason the system of combi- 
ing two gang-saws, as described, would seem to warrant serious 
consideration. 


CONCLUSION 


The test conducted by the National Committee on Wood 
Utilization in regard to the operation of the Scandinavian gang- 
saw in the United States has proved that these saws are very 
well adapted to the conversion of top logs of small diameter 
for which no adequate machinery has been developed in this 
country so far. These machines are turning out lumber of ex- 
cellent manufacture and accuracy as to sizes, and for this reason 
these gang-saws will play an important part in advancing the 
cause of commercial reforestation by enabling the timber grower 
to dispose of top logs and other small timber at a profit. The 
gang-saws will also aid the lumber manufacturers in producing 
standard lumber, accurate as to size, thereby giving the con- 
sumer better value for his money. 


Discussion 


J. S. Rem.? The lumbermen along the St. Lawrence and 
upper New Brunswick began a number of years ago changing 
from gang-saws to bandsaws and resaws, and this change has 
been so thorough that it is doubtful whether there is a single 
sawmill of any size left in that section of the old gang-saw type, 
yet their logs are absurdly small, about the size of the ordinary 
telegraph pole. In one instance, Messrs. Snowball and Com- 
pany, Chatham, changed a large gang sawmill to the typical 
North American type of bandsaw with a resaw, and two years 
later Mr. Snowbel! said that the saving of one year was about 
enough to pay for the cost of the change. 


2 President-Treasurer, Clark Brothers Co., Olean, N. Y. 
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It will cost just as much to saw small logs with gangs as it 
will cost to saw them with a carriage, and the reason why in the 
past the very small logs have been left in the woods is just as 
the author says in the paper—it costs too much to bring them 
to the sawmill to leave anything for the cost of sawing, and, 
of course, it will cost just as much to bring them to a gang saw- 
mill as to the American type of band sawmill. A gang is a no- 
toriously expensive machine to maintain. The writer suggests 
that a more complete test of these gang-saws be made. 


AvuTHOoR’s CLOSURE 


It is naturally difficult for any one to visualize how this Scandi- 
navian gang-saw works without having seen one. Mr. Reid 
is perfectly right in his contention that our sawmill industry 
has changed from gang-saws to bandsaws during the last few 
decades, but we must have in mind that the gang-saws which 
Mr. Reid describes are the old-type saws which have no place 
in modern sawmills. 

To show what a change has taken place in the design and effi- 
ciency of the Scandinavian gang-saw, the speed of these ma- 
chines has been increased more than 100 per cent during the 
last ten to fifteen years. One mill in Sweden recently scrapped 
a battery of 36 gang-saws bought before the World War and 
installed the new type. It was found that 17 new-type gang- 


saws did more work’than 36 of the old type. The new type of 
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gang-saw cannot, therefore, be compared with the old. In fact, 
the only point of similarity is in the name. 

The author agrees with Mr. Reid that these gang-saws are 
rather expensive in first cost, but maintenance and cost of op- 
eration are very small. These Scandinavian gang-saws will 
undoubtedly fill an important place in the larger sawmills of the 
country. The real trouble with them is that they have a con- 
siderable capacity, and unless they are kept going at least eight 
hours a day their installation will not be profitable. 

Mr. Reid gave a very good suggestion in stating that a more 
complete test of these gang-saws should be made so as to de- 
termine their relative advantages compared with other types 
of sawmill machinery. This we are doing, and are waiting for 
another instailation, either in the South or in the Middle West, 
to be completed. We shall then run circular saws, bandsaws, 
and gang-saws side by side, and make up a report on the results. 

American sawmill machinery concerns with which the author 
has come in contact have been very fair and open-minded. It 
is only natural that the National Committee on Wood Utiliza- 
tion should avail itself of any idea, whether originating at home 
or abroad, which would increase the present utilization of our 
timber resources. It is not advocating the use of imported ma- 
chinery, but is endeavoring to stimulate the manufacturing of 
such equipment in this country as may be found suitable for 
American conditions. 
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End Coatings for Logs and Lumber 


By L. V. TEESDALE,' MADISON, WIS. 


Unequal drying of green timber and lumber causes checking and 
splitting. As drying under natural conditions is more rapid 
from the end grain than from the side grain, protection of the ends to 
retard the end drying is resorted to. Suitable end coatings are also 
effective in preventing development of stain and decay. 

In this paper the author tells of studies made by the Forest Prod- 
ucts Laboratory with various coatings and the beneficial results that 
are obtained by reducing the waste from end checks, decay, and 
stain while timber is seasoning. 


decay occurring in logs, lumber, and partly manufactured 
stock, the Forest Products Laboratory? has made a study 
of the effectiveness of end coatings. 

Other conditions being equal, green or wet wood will dry more 
rapidly from the end grain than from the side grain, and end 
checking and splitting are apt to occur unless end drying is re- 
tarded. When the end grain is more exposed than the side grain, 
the liability of end checking is materially increased. Logs, for 
example, are protected more or less by the bark on the sides, but 
the end grain of the wood is fully exposed unless special efforts are 
taken to protect it. In lumber piles the ends of the boards are 
usually exposed to sun and wind while the other faces of the 
boards are protected within the pile. Coating with materials 
that retard end drying is one of the best methods of preventing 
end checks and splits in both logs and lumber. 


TT: REDUCE the waste resulting from end checks, stain, and 


CoaTiInG PREVENTS STAIN AND Decay 


Suitable end coatings are also effective in preventing the de- 
velopment of stain and decay in logs awaiting conversion. Stain 
and decay develop very rapidly in the sapwood of many of the 
important commercial species and cause considerable loss to the 
manufacturer. Blue stain is caused by minute fungi which grow 
within the cells of the sapwood. Blue stain of itself should not be 
considered a stage of decay, although the conditions that favor 
blue staining also very often lead to infection with decay-pro- 
ducing fungi. The growth of both stain and decay fungi is 
dependent upon food, moisture, air, and favorable temperatures. 
If any one of these factors can be controlled, the growth of the 
organism can be prevented. 

The contents and walls of the sapwood cells furnish the neces- 
sary food. If the food supply can be made unavailable by the 
use of chemicals, this factor can be controlled. The moisture 
content of the wood must exceed 20 per cent to sustain growth, 
but, on the other hand, the fungi cannot grow if the cell cavities 
are full of water because then there is not enough air present to 
support their growth. Hence the spread of stain may be pre- 
vented by an end coating that effectively retards evaporation 
from the green wood. 

After conversion of the log into lumber the most practical 
methods of control and prevention of stain and decay are chemi- 
cals, rapid seasoning, or high temperatures. The choice of a 


1 Senior Engineer, Forest Products Laboratory, Forest Service, 
U. 8S. Department of Agriculture. 

? Maintained at Madison, Wis., in cooperation with the University 
of Wisconsin. 
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method for either logs or lumber will depend upon conditions, but 
it is only the effectiveness of end coatings that will be considered 
here. 

The primary purpose of end coatings is to prevent or retard the 
drying of the wood in order to prevent checks and splits and, in 
the case of logs, stain and decay also. For the latter purpose 
chemicals are often added. The materials used vary widely ac- 
cording to cost, effectiveness, availability, and use requirements. 
Coatings ordinarily used are of two classes: those that are liquid or 
plastic at ordinary temperatures and can be applied cold, and those 
that are solid at ordinary temperatures and must be applied hot. 

The effectiveness of an end coating in preventing moisture 


Fie. 1 Esp Coatines or Harpenep Gioss Om on Gum Loas. 

One-Hatr or THE Lower Lert-Hanp Loa Was Lerr 

Note Numerous in Heart or Uncoatep Part. STAIN 

AND Decay Have Penetratep Deepty Into THe UncoaTep 
Part oF THE LoG 


transfusion is a measure of its effectiveness in preventing end 
checks. The data used in developing the comparative values of 
end coatings in the accompanying bar graph were based on the 
relative resistance of the various materials to moisture trans- 
fusion. All values are given on a basis of one coat of the material, 
and the thickness or weight of the coat is determined by the con- 
sistency of the material; the various coatings were therefore not 
necessarily of the same thickness. For cold coatings the consist- 
ency depends upon the proportions in its mixture, and for hot 
coatings the temperature when applied. 
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Coatings For Logs 
Coatings used for logs are invariably of the type that are ap- 
plied cold. Certain chemical treatments intended primarily to 
prevent attack by stain and decay organisms may not properly 
be called coatings, inasmuch as they do not offer the necessary 


Fig. 2.) Tue or THe Loc in THE Lower RiGut-Hanp CorNER 

Was Coatep HarpENED GLoss Or, THE OTHER Two 

Logs From THE Same TrEE WerE Not Coatep. THE Picture 
Was TAKEN Five Weeks AFTER THE TREE Was FELLED 


protection against end drying. Among such treatments are 
creosote, either full strength or diluted, and cresylic acid mixed 
with kerosene or crude oil, usually in the proportion of 1 to 10. 
In 1907 Von Schrenk* reported successful experiments with hot 
coal-tar creosote. 

More recently Loughborough and Hubert‘ discussed the prob- 
lem of end treatments and recommended certain mixtures for the 
purpose, among which was the cresylic acid and oil mixture. 
Cresylie acid is a mixture of the three monomethylated phenols, 
and is one of the cheapest commercial antiseptics. 

Chemical treatments of the character mentioned are of most 
value where the period of immunity required is relatively short, 
say three to five weeks during the spring and summer, when con- 
ditions are most favorable for decay, and drying is not the im- 
portant factor. 

Coatings intended primarily to prevent end checks have been 
used for many years in all parts of the world, more particularly 
in the tropics and for valuable hardwoods. In the mixed tropical 
and semitropical hardwood forests, weeks, months, and sometimes 
a year or two intervene between felling and conversion. In the 
meantime the logs may lie in the woods or at a timber depot 
exposed to sun and rain, and are liable to check and split very 
badly. 

Commercial materials for end coatings in such localities may 
be lacking. Certain tree gums and resins are sometimes used, 
mixed with some filler to increase their effectiveness. Dung and 
clay are in common use. Such coatings are brittle when dry and 
are liable to spall or wash off. However, where labor is cheap 
they may be renewed occasionally. The actual effectiveness of 


*H. Von Schrenk, “Sap Rot and Other Diseases of Red Gum,” 
U.S. Dept. Agr., Bureau Plant Industry Bulletin 114, 37 pp., illus., 
1907. 

4 W. K. Loughborough and E. E. Hubert, ‘‘Problems in the Season- 
ing of Southern Hardwoods,”’ Southern Lumberman, 117, 170-74, 
illus., 1924. 
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these coatings is unknown, but the fact that the practice is con- 
tinued year after year indicates that they must have some value. 

White lead and oil paint is a very common end coating, and is 
reasonably effective over short periods of log storage. Better re- 
sults are of course to be expected when the paint is so thick that 
it can barely be brushed on than when paint of ordinary consist- 
ency is used. Asphaltic paints are not so effective as thick 
linseed-oil paints. 

One of the best moderate-priced end coatings known is a mix- 
ture called filled hardened gloss oil. The oil itself should be of a 
thick grade, made up by the paint manufacturer of about 8 
parts quicklime, 100 parts rosin, and 57.5 parts naphtha. To 100 
parts gloss oil 25 parts barytes and 25 parts fibrous talc are added. 
All parts are by weight. The fibrous tale is used to prevent the 
settling out of the pigment. An important advantage of this 


coating in comparison with many of the others is that the end 
grain of the log is not obscured, and the sawyer does not have 


Fic. 6 Appiyine Wits a Stick aN Enp Coatine or Tuick FILLED 

Harpenep Gross Om To Dry Sampies. Tus Coatine 

Is Ratuer Toick anp Dirricutt to Appty a Brusu To 
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to open the log blindly. Further, this coating does not dull 
tools. 

Where stain and decay are factors that must also be considered, 
cresylic acid may be added to the mixture as an antiseptic in the 
proportion of 1 part cresylic acid to 10 parts filled hardened 
gloss oil. This combination has proved very effective in reducing 
end checks and inroads of stain and decay in red gum logs stored 
in the woods for several weeks of summer weather.’ The coating 
should be applied as soon as possible after the log is cut, and before 
end drying takes place. Tests made by the Forest Products 
Laboratory have shown that logs coated the day they were felled 

5 L. V. Teesdale, ‘“‘The Control of Stain, Decay, and Other Season- 
ing Defects in Red Gum,” U. 8. Dept. Agr. Circular 421, 1927. 
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were affected less with stain and decay than logs coated one week 
after felling. 


CoaTINGs For LUMBER AND Dimension Stock 


The requirements for coatings used on lumber and dimension 
stock during seasoning vary somewhat from those for coatings 
on logs. End coatings would be useless as a means of preventing 
stain and decay, as the stock is exposed on the sides as well. 
Also, full protection against end drying is not essential except in 
particular cases. The main objective is to retard end drying 
sufficiently to prevent serious end checks and splits that would 
cause degrade. Both hot and cold coatings are used. 

Coatings that may be applied cold with a brush are ordinary 
linseed-oil paint, white-lead paste asphaltic paint, varnish with 
filler, and filled hardened gloss oil. The physical properties of 
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cold end coatings differ from those of ordinary paints and var- 
nishes used for finishing. Varnish, for example, should be of 
plastic consistency, and yet thin enough to brush on easily. 
End coatings, to be effective, should be strong, tough, and thick, 
even if ease of application is sacrificed. 

Ordinary linseed-oil paint is somewhat low in effectiveness in 
comparison with some of the other coatings. Nevertheless it 
offers sufficient protection to retard end checking materially. 
It is standard practice at certain softwood mills to apply a thick 
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coat of paint to the ends of timbers before air seasoning, and the 
results justify the practice. The white-lead paste is very effective, 
but is so thick that it must be spread on like butter, and its ex- 
pense is a drawback for general use. 

Commercial asphaltic and mineral paints of standard consist- 
ency are slightly less resistant to moisture transfusion than 
linseed-oil paints, and if used should be thickened with some 
suitable filler. 

Spar varnish mixed with barytes ranks very high as a moisture- 
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Coatings Hot Coatings 


Fie. 8 Retatrve ErrectivENess Founp 1x 
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retardant coating but is expensive. Filled hardened gloss oil, 
already described, is about the most effective of the cold coatings, 
and is the most economical of all the effective coatings thus far 
tested. All of the cold coatings mentioned may be used both in 
air drying and kiln drying. There are a few patented prepara- 
tions recommended by the manufacturers for use as end coatings, 
one or two of which rank favorably with filled hardened gloss oil. 

Hot coatings, into which the stock is dipped, are paraffin wax, 
rosin and lampblack, 213-deg. coal-tar pitch, and 254-deg. coal- 
tar pitch. Paraffin wax has been used occasionally for stock 
during air seasoning. Its protective value is the lowest of all of 
the hot coatings. Its principal advantage is the low tempera- 
ture required to keep the wax molten, which in turn prohibits its 
use for stock being kiln dried. 

Rosin and lampblack, made up of 100 parts of rosin to 7 
parts of lampblack by weight, has been a standard end coating 
for many years. In effectiveness it does not rank quite so high 
as 213-deg. coal-tar pitch, and it is more expensive. The 213-deg. 
coal-tar pitch is the most effective of the hot end coatings investi- 
gated at the Forest Products Laboratory in a series of tests which 
included also natural and artificial asphalts. The 254-deg. coal- 
tar pitch is the least effective of the high-temperature coatings 
tested. 

The rosin and lampblack and all of the pitches and asphalts 
tested were applied at temperatures considerably above their 
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melting points as it was found that they adhere best when of low 
viscosity. The sticks were immersed for the briefest possible 
period that permitted a flow over the immersed area. If a green 
piece is submerged for a period of more than two seconds in a 
coating heated to a temperature much exceeding 212 deg. fahr., 
blistering will develop in the coating. For this reason the rosin 
and lampblack and 213-deg. coal-tar pitch, which are applied 
at temperatures of about 285 deg. fahr., are somewhat easier to 
apply than coatings which have higher melting points and which 
are applied at temperatures of 400 to 500 deg. fahr. Hot coatings 
will adhere best if the pieces are dipped about one-fourth to one- 
half inch into the molten fluid. 


anp Hor anp YARD 


The effect of kiln temperature on end coatings is most im- 
portant when the moisture content of the stock is still high be- 
cause the expansion of vapor below the coating tends to separate 
it from the wood. The effectiveness of both hot and cold coatings 
is practically unimpaired until the temperature reaches 140 deg. 
fahr., after which there is a gradual falling off in effectiveness of 
the cold coatings because of blistering. The hot coatings also 
blister, but are plastic enough to form new faces as fast as the old 
ones break. Between 140 and 170 deg. fahr., the hot coatings 
resist moisture transfusion somewhat better than the cold, but 
at temperatures above 170 deg. fahr. they liquefy to such an ex- 
tent that they tend to run off, so that whatever advantage remains 
lies with the cold coating. The values given in the bar graph are 
for temperatures up to 140 deg. fahr. for all coatings except 
paraffin. 

Steaming at temperatures above 170 deg. fahr. also causes a 
partial disintegration of most coatings. However, maximum pro- 
tection at these high temperatures is of no great importance ex- 
cept in the case of kiln samples, because ordinarily such tempera- 
tures will not be reached until the stock is nearly dry and liability 
of end checking minimized. 

Hot coatings are limited in use to comparatively small, partly 
manufactured items that may be dipped readily into the pot of 
hot fluid, such as spoke blanks, hub blocks, wagon bolsters, gun- 
stock blanks, artificial-limb blanks, dimension stock, and other 
material of convenient length for handling. 

Cold coatings may be used for the items mentioned, and also 
for pieces too large to be handled, such as yard lumber, timbers, 
and logs. In either kiln drying or air seasoning the difference in 
effectiveness between the better of the hot and the cold coatings 
is not important enough in itself to be the basis of choice as to 
which will be used under given conditions. For pieces of ir- 
regular shape the hot coatings are probably the cheapest, but 
for stock that may be piled up so that large numbers of ends 
may be rapidly swabbed over with a brush the cold coatings may 
have some advantage. 


Discussion 


Tuomas D. Perry.’ During the strenuous time of drying 
black-walnut gunstocks ten years ago, it was my privilege to 
come in contact with many methods of attempting to avoid the 
end checking of thick green walnut and oak, either in air or kiln 
drying. 

It is of course obvious that any piece of lumber tends to dry 
more rapidly through the severed end pores than through the 
normal surfaces of the lumber, which present principally the side 
sections of the lumber cells or pores. Hence, the drying at the 
end is much more rapid than at the side, and the lumber soon 
reaches a point where the end is drier than the normal 30 per cent 
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moisture content, at about which point shrinkage begins. Hence, 
the end shrinkage causes an internal tension that usually results 
in checking. 

It has always been my opinion that the function of an end 
coating on lumber, for either air drying or kiln drying, should be 
that of retarding this end drying to a degree where it will not ex- 
ceed, but rather equal, the normal transfusion of moisture through 
the sides, edges, and surface of the boards. In other words, I 
have observed that an attempt to completely close the end pores 
and wholly retard the drying at this point results in internal 
honeycombing, because the normal amount of moisture, equal to 
the side drying, was not allowed to escape from the ends. 

Such a conception of the function of a retarding coating, rather 
than an actual sealing, has gradually shaped itself in my mind as 
essential to a successful method of preventing end-checking. 

Do you consider this statement regarding retardation as more 
in accord with facts than an actual sealing in of the moisture that 
would ordinarily escape from uncoated lumber? 


AvuTHOoR’s CLOSURE 


There are two possible explanations for the honeycombing that 
so frequently occurs just back from the ends of stock that is being 
kiln-dried from the green condition, particularly thick hard- 
woods. The first explanation is that so little drying takes place 
at the ends that practically no shrinkage develops. The second 
is that end drying has been rapid enough to cause end set, which 
in turn leaves the end zone in an expanded position. The first 
applies only where end coatings or other means of preventing end 
drying are used. The hypothesis is that end drying is so retarded 
that little or no drying takes place from the ends, and stickers, 
if located at or near the ends, retard drying from the covered 
surfaces. Some drying will take place from the sides of the piece 
if there is sufficient space or openings between adjacent pieces. 
Assuming, however, that the drying at the ends is materially re- 
tarded, it may then be further assumed that the ends of the piece 
retain their original dimensions long after drying and consequent 
shrinkage has taken place in the stock immediately back from 
the ends. This difference in shrinkage between the ends and the 
next zone would produce stresses that result in honeycombing. 
Since the ends are frequently distinctly larger than the body of 
the pieces, indicating that less shrinkage has taken place at that 
point, it is clear that stresses have developed between these two 
zones. 

The other explanation is that a certain amount of end drying 
takes place, some no doubt before the pieces are end coated, 
some afterwards during the drying process in spite of the end 
coating. This end drying produces a surface “‘set;’”’ that is, the 
surface is set in an expanded position. As explained before, if 
the end retains a dimension nearly the same as its original di- 
mension and the next zone shrinks normally, the stresses de- 
veloped between these two zones could produce honeycombing. 

There are a number of reasons why the second explanation is 
more logical than the first. We know, for example, that none of 
the end coatings used are fully effective in preventing end drying. 
Also, after seasoning, the ends are somewhat larger than the next 
zone and remain larger indefinitely, indicating that the lack of 
shrinkage is a result of set rather than moisture content. Fur- 
ther, honeycombing develops in stock that has not been end 
coated, though less frequently. Usually, uncoated stock will end- 
check before the set takes place and the end checks relieve the 
stresses. Honeycombing of the type discussed here is very 
uncommon in stock that has end-checked. 

On a basis of the second explanation it would appear advan- 
tageous to use the most efficient end coatings possible to minimize 
end set, particularly when drying those species most likely to 
honeycomb, such as oak, walnut, etc. 
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Drum Sander Manufacture and Use 


In this paper the author describes the essentials of some types of 
sanding machines and tells how various troubles are overcome. To 
turn out good work the drums of a sanding machine must be rigid 
and run true. The abrasive paper must be held securely and the 
drum must have dynamic balance. Direct motor drive is now con- 
sidered as regular equipment for drum sanders. Advantages of the 
roll-feed sander and the endless-bed type are given. 


OMEWHAT over fifty years ago, the power-feed drum 
sander was first put on the market. It was originally 
conceived as a power tool to replace the slow and laborious 

hand-block method of polishing wood. Although it has never 
quite attained this highly desirable goal, its field has widened in 
other directions, until it is one of the most essential power tools 


Aw Successrut Power-Feep Drum SANDER 


Fie. 1 


of the modern woodworker. Just as grinding has superseded 
many other methods of machining in the metal trades, so in the 
woodworking industries the field of the sander has broadened. 
Abrasive paper has proved to be one of the best of cutting tools, 
and its use on the drum sander is not confined to wood products 
only. It is commonly used on such diverse materials as wood- 
pulp board and similar products, plaster board, asbestos sheets, 
mica sheets and their various substitutes, bakelite sheets, casein 
products, leather and artificial leather, rubber products both 
hard and soft, sheet metal, and cork. 

The original drum sander was a crude affair with a drum made 
up mostly of wood, and having the general appearance of a piece 
of agricultural machinery as was common with the design of that 
day. The modern sander uses all the latest developments in 
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It isa precision 
tool capable of an accuracy measured in split thousandths, yet 
adaptable to coarse and heavy planer work. 


bearings, motors, and materials of construction. 


Types or Drum SANDERS 


Fig. 1 shows one of the earliest successful power-feed drum 
sanders manufactured. This machine is of the vintage of 1877, 
and a number of these sanders are still running. The modern 
machines shown in Figs. 2 and 3 are the direct descendants of this 
machine. Fig. 2 is an eight-drum, completely motorized, ball- 
bearing machine which polishes both sides of the stock simul- 
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Fic. 3 A Turee-Drum MAcuHINE ror HANDLING WipE Stock 


taneously. Fig. 3 is a three-drum machine which may be built 
to handle stock as much as 8'/; ft. wide. An offshoot from the 
parent line of roll-feed sanders is shown in Fig. 4, which was one 
of the earliest of the endless-bed type. Fig. 5 shows the result of 
the development of this type. This machine has superseded the 
roll feed for the miscellaneous stock which is encountered in furni- 
ture factories and similar manufacturing. 


Drums ARE VitaL Parts 


The most vital part of any sander is the drum. This member 
carries the abrasive paper and in effect forms the cutter head of 
the machine. The drums are ordinarily run from 1200 to 1800 
r.p.m., depending on the abrasive used, and the stock being cut. 
This gives a cutting speed of from 3450 to 5200 ft. per min. 

In order to turn out good work a drum must fill the following 
requirements: (1) It must run true and have a true surface, (2) 
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it must be rigid, (3) it must have dynamic balance, and (4) it 
must hold the abrasive paper securely. 

When it is considered that a drum is a hollow cylinder contain- 
ing a rather complicated mechanism made up of movable parts, 
and that this cylinder may be as much as 103 in. long, it can 
readily be understood that the engineering and mechanical diffi- 
culties encountered in filling these requirements are tremendous. 

Different methods of construction are used with the various 
makes of drums. Some drums are made up of a series of sections, 
like pulleys, pressed on a shaft. Some use a solid cast-iron body 
made in one piece, and either cast or pressed on a shaft. Others 
are made up of a steel shell supported at intervals from a shaft by 
disks or spiders, 

In order to obtain a true running surface, it is common practice 
to assemble the drum; then take a finishing cut over the entire 
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drum surface, and also over the journals or bearing seats. This 
may be considered good practice if we assume that the axis of 
rotation of the drum in the lathe or grinder at low speed coincides 
with the axis of rotation of the drum in the machine at 1200 or 
1800 r.p.m., or in other words, either the dynamic balance must 
be practically correct or the drum must be rigid enough so that it 
will not be distorted by dynamic unbalance. If the structure of 
the drum is such that this is not the case, it becomes necessary to 
finish the surface of the drum while it is rotating at its normal 
operating speed. With this method the drum is first given a 
dynamic balance, then the surface is ground at operating speed. 
This, of course, disturbs the balance so the drum must be re- 
balanced and then reground if the surface indicates out of true. 
It is obvious that this method gives only an approximation of a 
true running drum. 

An alternative method of securing a true running drum is tied 
up with the second specification for a good drum. This is to 
make the drum so rigid that, given a reasonable dynamic balance, 
it will retain its shape under all conditions of load and speed, and 
this seems to work out best in practice. Of course, in theory, this 
would seem to be impossible, but if it is considered that a cushion 
is interposed between the cutting surface and the surface of the 
drum it will be realized that very good practical results may be 
obtained. 

The necessity for dynamic balance needs no elaboration to the 
practical woodworker. Although rigidity is taken as one of the 


essentials of a good drum, there can be no doubt that no practical 
amount of rigidity will counteract the tendency of dynamic un- 
Also, balance is a factor in 


balance to throw a drum out of true. 
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bearing and general machine life which cannot be ignored. The 
methods of obtaining balance are not easy. When the drum is 
made up of short sections mounted on a shaft, a very good founda- 
tion to work on is obtained by giving each short section a static 
balance before assembly. After assembly then, the only balanc- 
ing required is that necessary to compensate for the disturbances 
caused by finish turning, and by the addition of such parts as were 
not represented in the sectional static balancing. 

Where the drum body consists essentially of one piece, dynamic 
balancing becomes very difficult. No matter how rigid it may 
be, misplaced weight at the center of a drum cannot be balanced 
by weight at the ends without subjecting the drum to highly 
undesirable stresses and strains while in operation. One method 
of balancing is to chase down the point of unbalance, using a 
movable weight. When the location is found, weight is added by 
inserting plugs in the drum jacket which project through on the 
inside, or if the drum jacket is removable weights may be fastened 
to the supporting disks. 

The use of ball bearings on the drum shafts and the practice of 
mounting the motors directly on the drums has done much to 
force the use of better manufacturing methods for sander drums. 
The motor mounted on the end of the shaft acts as a telltale or 
indicator which will magnify the least eccentricity or bending of 
the shaft. It has always been known that certain types of drums 
are deformed when the paper-clamping or stretching mechanism 
is put into operation, but the extent of this deformation was not 
realized until it became necessary to overcome it for direct-motor 
drive, ball-bearing operation. 

The fourth essential of a good drum is that it holds its paper 


Fic. 5 A Mopern Enpuiess-Bep SANDER 
securely. This quality is so obviously desirable that discussion 
is hardly necessary. 


Sprrat Drums 


There are two types of drums in common use today. Fig. 6 
shows one type known as the spiral drum. On this, 24-in, paper 
is wrapped so that its edges form a helix on the surface of the 
drum. At each end of the drum are disks or clutches, to the 
periphery of which the ends of the paper are clamped by means of 
flexible steel bands. The paper is pulled tight on the surface of 
the drum by moving these clutches away from the drum, and ro- 
tating them at the same time by means of a suitable mechanism 
enclosed in the drum, and operated from the outside by a wrench. 

Springs in one of the clutches are compressed when the paper 
is tightened, so that while the drum is in operation the paper is 
under constant tension. This is highly important as the length 
of the paper changes with every change in humidity or tempera- 
ture. Also, the constant rubbing against the stock tends to com- 
press the cushion and crowd the resulting slack in the paper to 
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one end. If this slack is not taken out, the paper will tear on the 
first sharp corner of stock encountered. The strength of these 
springs must be determined nicely so that they will overcome the 
centrifugal force which tends to bulge the paper away from the 
drum when in motion, without being so strong that the paper will 
be ruptured without fully compressing the springs when the paper 
is applied. 

This spiral drum is made up of pulley-like sections pressed on a 
shaft, and further held together with tie rods. As each one of 
the short sections is balanced individually before assembly, it is 
a comparatively easy matter to obtain a good dynamic balance, 
and one of the features of this drum is its inherent strength and 
balance, which is best illustrated by the fact that it is built in 
lengths up to 103 in., and that these 103-in. drums are run at 
1800 r.p.m. 


SrraIGHT-OpENING Drum 


Fig. 7 shows an example of the other type of drum which is 
known as the straight-opening drum from the fact that the paper 
(36 in. wide) is wrapped around the drum, and tke two edges are 
brought together and tucked into an opening which runs straight 
across the drum. This type of drum has probably been in use in 
one form or another for over fifty years, and is represented by 
about a dozen different makes and models on the market at the 
present time. 

On this type of drum the paper is clamped and drawn tight 
after insertion in the slot in the drum by means of jaws or rollers. 
A spring take-up device of some sort is then put into action so 
that slack will be kept out of the paper while in service. 

The straight-opening drum is made up in a variety of ways. 
The body may be formed of sections as in the spiral drum. It 
may be made of one solid casting with a shaft through the center, 
and may have a steel jacket supported at intervals from the 
shaft by webs. One big problem in the design of a straight- 
opening drum is to arrange the internal mechanism so that its 
operation will not disturb the dynamic balance or distort the 
drums. It is necessary also to exclude dust from the inside of 
the body so that the dynamic balance will not be disturbed by 
its accumulation. 


Drum CusHION 


The cushion is that material which is interposed between the 
abrasive paper and the metal surface of the drum. For stock 
requiring extreme accuracy of finished thickness, this cushion is 
not used. But for the general run of wood polishing, the cushion 
is a big factor in the quality of finish obtained. 

Different materials have been tried out for this purpose, most 
prominent among them being felt, rubber, and carpet. There are 
certain qualities which a successful cushion must have. These 
are resiliency, even thickness, even texture or homogeneity, and 
tensile strength. It is also essential that these qualities be main- 
tained through a reasonably long life. 

Carpet is eliminated for its failure to maintain its resiliency. 
The same applies to rubber, and an added fault of this material 
is that it breaks down and becomes scabby under the continuous 
pounding to which a drum cushion is subjected. 

This leaves felt as the one material which at present most 
nearly qualifies as a satisfactory cushion. This does not mean 
that all felt or any felt can be used. The thickness and texture 
must be highly uniform, if they are not, the abrasive will have 
high and low spots which will in turn produce that nightmare of 
all sander operators, snake tracks. It must have high tensile 
strength so that it will not pull out thin in spots when being ap- 
plied, and so that it will not tear and bunch up in service. This 
problem of obtaining tensile strength has been attacked in dif- 
ferent ways by different manufacturers. One uses a felt which 


WDI-51-16 129 


has a fabric inlayed inside the felt so that strength is obtained 
without sacrifice of resiliency. Another uses a felt with canvas 
vulcanized to the back. 

For polishing work a soft cushion on the last drum is essential. 
Except on some of the special-purpose sanders used solely for 
sizing, the sander is primarily a wood-polishing machine. When 
used in this way, it is assumed that the preceding machining oper- 
ation has established a sufficiently flat surface, and that the 
sander need only prepare this surface for finishing by polishing it 
or by removing tool marks. To this end the polishing drum is 
provided with a very soft cushion. 

Practice shows that the softer the cushion, within reason, the 
better the polish obtained. With a soft cushion the paper makes 
a wider contact with the stock, and the pressure being distributed 
over a greater area, the individual grains of abrasive do not cut so 
deep nor leave such a prominent scratch. The same applies to 
the blemishes left by imperfections in the abrasive. It must be 


Fic.6 Sprrat-Type Drum 


Fie. 7 Drum 


remembered, too, that a really flat piece of wood is seldom en- 
countered. It may be flat enough for all practical purposes, and 
still have slight depressions that will be reached only with a 
soft cushion. 

The softness of the cushion can, of course, be carried to unde- 
sirable extremes. An unduly soft cushion will cause the abrasive 
to round the edges of the stock, and to cut deeper in the soft 
portions of the stock, leaving the hard grain high. Excessive 
softness of the cushion also has the effect of loose paper, giving a 
tendency to snag and tear. 

On a three- or four-drum sander it is common practice to use a 
harder cushion on the first drum than on the remaining drums. 
This drum is primarily a cutting drum, and for cutting the hard 
cushion gives the best results. 

There is less danger of snagging the paper and cushion on sharp 
corners, each abrasive grain has a shorter cutting path, and there- 
fore does not clog with dust before its cut is complete, and a flatter 
surface is established as a basis for the polishing of the second 
and third drums. 


Tue ABRASIVE 


Three different types of abrasive are commonly used on drum 
sanders. These are flint, garnet, and the so-called artificial 
abrasives. 

Flint paper, which is actually quartz rather than flint, is the 
oldest of the three, and is now used only where the character of the 
stock is such that dullness of the abrasive comes from the filling up 
of the interstices between the grains, rather than by actual blunt- 
ing or breaking down of the grains. This limits its field to pitchy 
woods and similar materials where this cheap abrasive will last 
as long as a more expensive one. 
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Garnet is used most frequently at the present time for general- 
purpose sanding. It is reasonably tough, and is hard enough 
for most wood products. 

Within the last few years there has been a very definite trend 
toward the use of the harder, so-called artificial abrasives. These 
are aluminum oxide and silicon carbide. The former is in more 
general use, and is being offered by all sandpaper manufacturers 
under different trade names. These abrasives cost more than 
garnet, and therefore should not be used in place of garnet where 
the latter is dulled by filling rather than by wear of the abrasive 
grain. With hard dry stock, the dust of which does not adhere 
to the paper, there is a clear field indicated for the use of this 
material. 

A rather different technique is required in the use of the arti- 
ficial abrasives in order to secure maximum results. Their manu- 
facturers claim that their proper use will eliminate or at least 
minimize the snake-track evil. This proper use includes a 
minimum pressure or minimum cut with the last drum. There is 
no doubt that we have fallen into the error of taking too heavy 
cuts. It is easier for the operator to overcut than to go to the 
trouble of setting his drums so that each one just cleans up the 
marks of the preceding drum. This means that the abrasive 
grains, which are rather fragile at best, are subjected to stresses 
that fracture them long before they are dulled. With artificial 
abrasive, if this fracturing is avoided, the grains will maintain 
their cutting edges for a long time, and snake tracks will be held 
to a minimum. 


Drum OSCILLATION 


It is an almost universal practice to oscillate some or all of the 
drums of asander. The purpose of this oscillation is to make the 
machine-sanded finish as near like the smooth uniform hand- 
sanded surface as possible. 

Every piece of abrasive paper, by the time it has been run for a 
short time, has imperfections in its cutting surface. There may 
be high or low spots, dull patches or streaks, or scars left from an 
accidental blow. These imperfections may have arrived with the 
sandpaper, been caused by careless handling, or be the result of 
a poor cushion. 

With hand sanding these imperfections have little effect on the 
finish. The movement of each individual abrasive grain is er- 
ratic, and due to the large area of contact between the abrasive 
and the stock, and due to the light pressure, the mark left by 
each grain is shallow. Therefore an imperfection in the abrasive 
leaves hardly any trace on the finished stock. 

With drum sanding a mark on the stock caused by imperfect 
abrasive is followed so closely by a series of identical marks (one 
for each drum revolution) that the result is a very noticeable 
streak on the stock. This streak may be a high streak which is 
caused by a patch of dull abrasive, a spot of pitch or glue, a de- 
pression in the felt, or it may be a low streak caused by a patch of 
oversize abrasive grains, by a lump in the felt, or by dirt on the 
felt. These low streaks, or “hen tracks” as they are called some- 
times, are more common with a new paper than with one which 
is slightly worn. Any patch of abrasive which protrudes above 
the general level tends to wear down quickly due to the greater 
pressure applied to it, and the excessive cutting which it is forced 
to do. Therefore the patch of abrasive which was responsible 
for the “hen track”’ tends to cause a snake track eventually. 

Oscillating the drum is an effort to break up these streaks. 
The effort is only partially successful. The straight streaks are 
changed into wavy streaks known as snake tracks. This is some 
slight improvement as the light snake tracks are harder to follow 
with the eye than the light streaks. The high, heavy streak, with 
oscillation, is not so high nor so sharply defined as it is without, 
and is therefore less objectionable. 


At one time there was an idea prevalent that the oscillation 
tended to clean the paper due to sidewise rubbing between the 
paper and the stock, also that the sidewise movement gave a 
cleaner cut since it was slightly across grain. It can be seen, 
however, that there is no basis for this, when it is considered that 
the velocity of a single grain of abrasive in the direction of feed 
may be as much as 5200 ft. per min., and its velocity across the 
feed due to oscillation is not more than 25 ft. per min. even in 
the middle of the stroke when the cross velocity is the greatest. 
Stated in another way, a grain of abrasive would move cross- 
wise of the stock less than 0.001 in. during its contact with the 
stock which would hardly constitute a rubbing action between the 
paper and the stock. . 


Drum Drives 


As is the case with all other woodworking machines, direct 
motor drive is now considered to be regular equipment for drum 
sanders. There is no necessity for going into the advantages of 
this drive as for the last three years according to sales records 
over 90 per cent of the sander buyers were convinced of its 
superiority. 

There are two common methods of applying motor drive to the 
drums. One is by mounting the rotor directly on the drum shaft, 
allowing the rotor to oscillate with the drum. There has been 
some criticism of this construction on the grounds that the os- 
cillation of the rotor through the stator disturbed the electrical 
characteristics of the motor. This has been looked into tbor- 
oughly by various manufacturers of electrical equipment, and 
the verdict has been that the construction is satisfactory from an 
electrical standpoint. 

The other method is to couple the motor to the drum, using a 
coupling of such a type that the drum oscillation is not trans- 
mitted to the motor. From the standpoint of operation, there is 
very little to choose between the two types of drive. Both meth- 
ods make a smooth-running drum if properly designed and 
built. 


SaNDER-DruM SPEEDS 


The almost general use of direct motor drive and 60-cycle 
alternating current practically limits sander drums to two speeds, 
1200 and 1800 r.p.m. These drum speeds give a cutting speed 
for the abrasive of about 3460 and 5200 ft. per. min., respectively. 
When it is considered that the sander is expected to handle every- 
thing from white pine to beech, under every conceivable condition 
of cut and feed, it really is remarkable that the average sander 
performs as well as it does. A very good cutting speed for nearly 
all materials that arg not resinous, gummy, or sticky is 5200 
ft. per min. For woods with a high pitch content, this speed is 
rather too high, as the natural tendency of the pitch to fuse and 
fill up the abrasive is intensified by the high speed. 

It is common practice at the present time to use 1200 r.p.m. on 
the cutting or roughing drums and 1800 r.p.m. for finishing. 
From one standpoint, this arrangement is good. The heavier 
abrasives which are the hardest to hold against the pull of centrifu- 
gal force are run at the lowest speed. But 1800 r.p.m. on the 
finishing drum is not wholly ideal. As pointed out before, a 
sander drum is a most difficult body to balance dynamically, and 
balancing trouble increases faster than the speed increases. No 
matter how true the surface of the drum may be, it will leave a 
mark on the work if out of balance. This mark, called com- 
monly a revolution mark, is not noticeable at slow feeds. It 
begins to show up, however, at about 15 ft. per min. where an 1800- 
r.p.m. drum will leave 10 marks per inch. Slowing down the 
drum speed makes the revolution marks more shallow and there- 
fore less conspicuous, but at the same time it spaces them farther 
apart which may counteract the advantage gained. Revolution 
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marks, like snake tracks, are affected greatly by the amount of 
cushion used. This is illustrated by the cushionless drums used 
for accurate work on insulation sheets and similar materials. 
These drums will show revolution marks at every speed and every 
feed. 


Drum HorsEPOWER 


The estimation of the horsepower required to drive an indi- 
vidual sander drum is even more of a guess than most estimates. 
So many variables are factors in this estimation that there is no 
dependable rule except past experience. As with most other 
woodworking machinery, there is a tendency at present to over- 
power a sander due to the peak loads which the motors must 
carry on occasion. 

The actual power consumed is sometimes surprising. For 
instance, 12 hp. was required to take a 0.003 in. cut 40 in. wide 
with No. 0 paper on dry gum. Paper No. '/, under the same 
conditions took a cut three times as deep (0.010 in.) using the 
same power. No. 2 paper took a 0.012 in. cut with the same 
power. 

Drum BEARINGS 


Owing to the fact that the sander drum oscillates endwise at 
the same time that it rotates, it has been somewhat difficult to 
apply ball or roller bearings to it satisfactorily. Practically all 
sanders are now provided with ball or roller bearings, there being 
at least four methods that have worked out satisfactorily. 

In one mounting the inner race of the bearing is clamped on a 
sleeve, and the outer race is held stationary in a housing in the 
usual manner. The drum shaft passes through the sleeve, and 
slides through it when the drum is oscillated. 

A second method is to mount the inner race directly on the drum 
shaft, and let the outer race, or a sleeve carrying the outer race, 
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slide endwise with the oscillation. Both of these arrangements 
are ball bearing in the direction of rotation only. 

A third method makes use of flat-race roller bearings with 
cylindrical rollers, taking the oscillation by sliding the races 
endwise on the rollers. 

Another arrangement uses special flat-race ball bearings, the 
inner race being mounted solidly on the drum shaft, and the outer 
race solidly in its housing. This gives a ball-bearing support for 
both oscillation and rotation. 

As is the case with all other types of woodworking machinery, 
there is a decided trend toward the use of grease lubrication on the 
drum ball bearings. This form of lubrication is particularly 
applicable to sanders as the comparatively low speeds involved 
cause no trouble from heating, and the seal obtained is of great 
value where dust conditions are as bad as they are on a sander. 
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Tyres or Freep 


As stated before, sanders may be divided into two classes ac- 
cording to the method of feed used. Each type has a definite 
field of use. Fig. 8 shows a diagram of a typical roll-feed sander. 
Where one side of the stock only is to be finished at one pass, 
pressure rolls are provided opposite each drum. On double- 
decked machines finishing both sides at one pass, the drums are 
arranged in pairs, one above the other. 

This type of sander has a number of distinct advantages over 
the endless-bed type. The first cost is lower and the maintenance 
expense is less. The roll-feed mechanism is longer lived, and 
when replacements are required they are cheaper. There is less 
snake-track trouble on the roll-feed machine. This is not due to 
a lack of snake tracks, but to the fact that the platens on the 
endless-bed machine polish the tops of the snake tracks and make 
them more prominent. 

Accuracy of finished thickness is more readily obtained on the 
roll-feed machine. If the pressure roll over the drum is made 
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non-yielding, the thickness of the finished stock can be held to a 
tolerance of 0.001 in. On endless-bed sanders having a yielding 
rubber bed, this accuracy can be obtained only by having the 
stock very accurate to start with, by taking light cuts, and by 
sanding down the rubbers frequently. 

The roll-feed sander drums are located below the stock, making 
it easier to collect the dust and to keep the stock clean. The 
dust hoods are located below the drums where they do not inter- 
fere with changing paper or with passing stock back across the 
top of the machine. Drums are supported at least 12 in. closer 
to the base, giving a more rugged and substantia! construction. 

As usually aligned the stock in a roll-feed sander is supported 
entirely by the rolls so that it does not touch the platens, and is 
not marred by platen scratches. The roll-feed machine has 
more yield, and can take rough stock having a greater variation 
in thickness. Only the roll-feed machine can be built to finish 
both sides of the stock simultaneously. It is necessary for very 
thin materials such as veneer, rubber-coated fabric, pasted mica, 
or bakelite sheets. Stock of this nature when run on an endless- 
bed machine will be depressed between the rubbers so that the 
finished surface shows the outline of each rubber pad. 

Fig. 9 shows a diagram of an endless-bed sander. This is the 
most versatile of sanders, it being used commonly to handle any- 
thing from doors or table tops to folding rule sections. Stock as 
short as 3 in. can be handled without butting with this type of 
sander. The drums are located above the platens in the most 
convenient location for changing paper, and the stock is run face 
up, saving it from scratches from the off-bearing table and making 
inspection easier. The projecting in-end bed can be used as a 
hopper-feed device for short stock. 

Some idea of the popularity of the two types of sanders may be 
gained from the fact that one manufacturer of both types of 
machines has been building very close to 60 per cent endless-bed 
for the last five years. 
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OPERATION 

The great majority of sanders are operated as polishing ma- 
chines, and their function is to remove the tool marks of the pre- 
ceding operation, and to substitute for them abrasive marks 
which are so fine as to be unnoticeable to the naked eye. It 
should be obvious that this desirable result can be obtained more 
readily if the preceding machining operation leaves a flat, smooth 
surface with a minimum of stock to be removed in order to efface 
the tool marks. Therefore, the foundation for good, commer- 
cial, and economical sanding is a suitable surface to start work on. 

The function of the first drum, in theory, is to remove all ex- 
isting tool marks and defects, and to leave behind it a surface as 
dead flat and as finely marked with abrasive scratches as pos- 
sible. Therefore, the abrasive on No. 1 drum should be no 
coarser than is necessary for the depth of cut. The second drum 
should do no more than remove the scratches left from the 
abrasive on No. 1, substituting finer scratches. No. 3 drum 
performs the same office for No. 2, and on a three-drum machine 
leaves the final finish on the stock. 

It is good practice to jump no more than two grades from one 
drum to the next in the coarser grades, and jump one grade only 
in the finer grades. For instance, a common combination on 
three-drum machines is 1'/2, !/2, 0 or 40, 60, 80, using the mesh- 
number grading. There is a definite relation which must be 
maintained between the three grades used, and therefore there is 
also a definite relation betwc2n the quality of finish on the rough 
stock and that on the finished stock. 

We often hear criticism of the practice of doing a planer’s work 
on the sander on the ground that the sander was never intended 
for such work. It is true that the sander designers hardly antici- 
pated that the machines would be put to such use, but really the 
only objection to the practice is that the ordinary feeds on a 
sander do not make it an economical procedure. If sufficiently 
coarse abrasive is used, on a combination backing if necessary, 
remarkable cuts can be taken without injury to the machine. 
If, however, the attempt is made to use the machine as both a 
planer and sander simultaneously, there is a real basis for criti- 
cism. It becomes necessary to cheat either one operation or the 
other. The paper is too fine for planing cuts, it is too coarse 
for finishing, or the steps in abrasive grades from one drum to the 
next are so great that they will not clean up. 

Like any other edged tool, abrasive paper can be forced to cut 
long after it is dull. Aside from the danger of tearing the paper 
and ruining the felts, this is bad practice from the standpoint of 
the quality of the finish obtained. The minute fibers of wood, 
instead of being cut off cleanly, are bruised and crushed off, leav- 
ing a surface which may look satisfactory as it leaves the machine, 
but which will fuzz up badly when stained. The same applies to 
the practice followed by some operators of jointing the abrasive 
onthe lastdrum. This consists of running the drum at full speed, 
and going over the surface lightly with a jointer stone or another 
piece of abrasive paper. The result on the stock is a fine glossy 
surface which looks beautiful until it has stood around for a few 
days or until it is stained. 

The practice of using dull or jointed abrasive is expensive due 
to the further work which is required to obtain a surface suitable 
for finishing. It also adds an unnecessary hazard to the opera- 
tion of the machine. In order to make dull abrasive cut it must 
be crowded hard. This adds to the tensile load on the paper 
which is already overloaded due to the greater pull of the dull 
abrasive. The resul* is a load which is most likely to rupture the 
paper. A ruptured paper may be more serious than just a dollar’s 
worth of new paper. It may jam in the platens, causing a torn 
felt. The torn felt may also jam in the platens and spring the 
drum, and a sprung drum is without doubt the worst calamity 
that can befall a sander. 


Aside from the drums, the purely mechanical troubles encoun- 
tered in sander operation are much like those to which all wood- 
working machines are heir, only as a rule in a lesser degree. The 
speeds and feeds are low, and the stock usually has been through 
several operations before so that general smash-ups are compara- 
tively rare. Most breakdowns can be traced to lack of lubrica- 
tion or general debility due to old age. 


SANDERS IN THE FuTURE 


A man may lose a lot of credit by trying to make predictions 
in regard to the future developments of machinery. The dis- 
covery of a new process or a new material may upset an entire 
industry almost overnight. Looking back on woodworking- 
machine accomplishments for the last fifty years, it is noticeable 
that where other classes of machines have had their production 
improved 300 per cent or 500 per cent, sanders have stood almost 
stationary. The non-productive time consumed in their opera- 
tion has been cut down by improvements in drums and abrasives, 
by the use of frictionless bearings and better materials of con- 
struction. But the feed in feet per minute for good work still 
runs from twelve to fifteen just as it did in the nineteenth century. 
And the finish produced by some of the first three drum sanders 
which are still in use today cannot be distinguished from that 
produced by a machine turned out yesterday. 

In regard to the future, the next move would seem to be up to 
the makers of the abrasives. The machines are capable of 
handling greater feeds and cutting speeds, but the limit of capac- 
ity of the abrasives now available seems to have been nearly 
reached. 


Discussion 


R. P. Cartton.? The paper is very educational, and points out 
to the user of sanding machinery and abrasive papers some of 
the problems which are met with daily in the use of these ma- 
chines. 

There are several points in this article which are of unusual 
interest to manufacturers of abrasive paper: Mr. Williams points 
out the causes for snake tracks as being: 


(a) Non-uniform cushions under the abrasive paper (choice 
selection of felts) 

(b) Dynamic balance in the drum 

(c) Abrasive paper. He emphasizes most the unevenness 
of abrasive paper. 


We have recognized for a long time that abrasive paper is 
one of the principal contributors to snake marks and have seri- 
ously attempted to improve the coatings through the uniform 
application of the mineral to the sheet so this effect might be 
minimized. 

The speed of abrasive paper on the drum-sander work is referred 
to in considerable detail. Abrasive manufacturers, generally, 
have improved backings to stand the loads. The complaints on 
paper breaking on a drum, or peeling, are practically negligible 
today, whereas a few vears ago it was not uncommon for abrasive 
paper to break on a drum, ruining a felt and putting a machine 
out of commission for quite a length of time. 

Some time ago we pioneered the thought of horsepower con- 
sumption on abrasive sanding equipment. The author refers to 
the power consumption for a given quantity of stock removal, 
using different grades of abrasive paper. Unfortunately, it 
is not possible for a user to reduce his power consumption by 
adopting a coarser grade, due to his finish requirements. It is 
possible for the abrasive paper user to study the paper used, from 


2 Vice-President, Minnesota Mining & Manufacturing Co., St. 
Paul, Minn. 
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the standpoint of sharpness, as power consumption is also directly 
proportionate to sharpness in the abrasive paper used. This 
power consumption, when higher than necessary, is a leakage 
which the average woodworking plant will never observe, but 
which nevertheless, over a year’s time, is a leakage of consider- 
able proportion. The point which the author brings out has 
been considered extremely important by us for a long time, and 
our aim has been to produce the very sharpest possible papers for 
drum sander use. 

In concluding, the author points out that the next move in the 
improvement of sanding seems to be up to the manufacturers of 
abrasive products. 

We believe this responsibility is largely one which the abrasive 
manufacturer will have to assume, backed up by the machinery 
manufacturers, but we are not at all discouraged in looking for- 
ward to improvements based on the progress that has been made 
during the last five or six years. 

All of the leading abrasive-paper manufacturers of today are 
continuously coming out with improvements that affect the life 
of these products. We feel that we have contributed consider- 
ably to the whole in this direction. 

As referred to, when we consider the short life of the drum over 
a few years ago as compared to what it is today, because of a 
balanced sheet, we feel real progress has been made. The 
abrasive side is freer cutting and lasts longer, and the backing is 
balanced by using improved paper or combination so that the 
user can take advantage of the improved abrasive coating. 

It is possible to take heavier cuts without trouble, and under 
the most severe conditions in the coarse grades, such as No. 3'/2, 
it is not uncommon for abrasive paper or combination to give 
up to 70 and 80 hours of service, whereas a few years ago, under 
the same conditions, 15 to 20 hours of life was considered excellent 
service. 


8S. After hearing the interesting paper it 
would seem that all should be in agreement that the author has 
a very thorough conception of drum-sanding machines and the 
many problems which are confronted in their manufacture, 
maintenance, and successful use. Were every owner and user 
to give the paper careful study and consideration, there is no 
question that many of the vexing problems would find more ready 
solution within the individual plants, particularly when it is 
considered that the drum sander is subjected to such diversified 
usages. 

In the third paragraph on the fourth page the author refers to 
an old theory that the abrasive grain fractures and breaks down 
under use. We are not inclined to think that this is a very im- 
portant factor ordinarily in the cutting of wood. We believe 
that usually the grain is strong enough and tough enough so that 
the normal grain particles will hold together and cut as long as 
held by the adhesive and that the failure therefore is due more to 
dulling of the abrasive and to subsequent development of heat 
than to the breaking down of the abrasive structure. The author 
indicates that possibly the reason aluminum oxide may stand up 
better is because the grain breaks down less than garnet. We 
would think that the difference in performance was more likely 
due to the slower dulling rate of the harder, tougher aluminum 
oxide. In the same paragraph the author hints at the possible 
waste of cutting capacity through taking too heavy cuts. It 
seems to us very likely that sanding operators waste a consider- 
able amount of the cutting capacity of the abrasive papers, when 
they are in their sharpest condition, by cutting off too much wood. 
If the operator cuts too much off from the first pieces though, it 
is evident that he will not get as many total pieces. This thought 


’ Sales Manager, Western Division, Behi-Manning Corporation, 
Troy, N. Y. 


may apply to the substitution of aluminum oxide for garnet, in 
that the operator would have to be careful to vary his technique 
somewhat in order to take advantage of the sharper and more 
persistently sharper aluminum oxide as against quicker dulling 
garnet. It is admittedly necessary in sanding certain classes of 
work, particularly in the sash and door field, where the sander is 
actually used in place of a planer, to take extremely heavy cuts. 
However, a heavy cut is too often taken when not necessary, 
and naturally this reduces the productive life of the paper to 
a considerable degree and, incidentally, bespeaks either inex- 
perience or carelessness on the part of the operator, either of 
which are costly to the consumer. 

On the third page the author also discusses “snake marks.” 
It is very common for sander men and machine builders to blame 
“snake marks” on the sandpaper. The author refers to the neces- 
sity of uniform thickness and texture of the felts. From what 
we know of thickness variations in sandpaper, we would generally 
think that there was much greater likelihood of variations in 
thickness of the felt than in the abrasive sheet. 

In further consideration of this ‘‘sander’s curse,” as it is com- 
monly termed, too much stress cannot be laid on cleanliness, 
particularly as regards the accumulation of dust and dirt about 
the drums. Regardless of how finely the drums are balanced 
dynamically, this balance will very quickly be disturbed and the 
drums thrown out of dynamic balance through a comparatively 
slight accumulation of dirt. The result is that the rotation 
marks are accentuated, the paper more readily loads at the point 
where the pressure, or more literally speaking, the pounding takes 
place and there is a greater tendency toward “snake marks.” 
In fact, no end of trouble pertaining to either the continuously 
satisfactory operation of the machine or to the fitlish of the work 
can be traced to this lack of attention. The drum particularly, 
above all other parts of the machine, should regularly and fre- 
quently be blown out with a compressed-air hose. This applies 
perhaps more to the straight opening type of drum than to the 
spiral type, as it is a little more susceptible to an accumulation 
of dust. 

There is a much-mooted question of the comparative efficiency 
of using sandpaper sidewise or lengthwise. On the third page, 
under the subject, “‘Straight-Opening Drum,” the author makes 
a very significant reference on this point. He says, “Fig. 7 
shows an example of the other type of drum which is known as 
the straight-opening drum from the fact that the paper (36 in. 
wide) is wrapped around the drum.”’ He makes no reference to 
the width of the drum, thus leaving us to assume that 36 in. 
used crosswise will suffice regardless of the drum width over 36 in. 

There are many concerns using a number of different width 
straight-jaw-type drum sanders who would do well to adopt this 
method, standardizing on 36-in. width paper for all widths of drum 
machines and applying the covers sidewise. It would reduce con- 
siderably their stocking and ordering problems, and incidentally 
reduce their inventory. This applies of course only to straight- 
opening drum machines and not to the spiral type which is de- 
signed to take 24-in. width paper. 

Issue might be taken with the author on his last paragraph on 
the sixth page, in which he says, “In regard to the future, the 
next move would seem to be up to the makers of the abrasives. 
The machines are capable of handling greater feeds and cutting 
speeds, but the limit of capacity of the abrasives now available 
seems to have been nearly reached.” 

It would seem that this statement is somewhat contradictory. 
Has he not gone to great length to describe the difficulty besetting 
the machine manufacturers in producing a drum that will main- 
tain a dynamic balance, even at the present moderate speeds? 
Has he not also remarked that in the past fifty years, while other 
woodworking machines have been improved 300 to 500 per cent, 
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drum sanders have stood almost stationary? Of course he does 
not mean that no progress has been made in general design or that 
structurally there has been no change or improvement. Basic- 
ally, though, from a production standpoint it shows no improve- 
ment, and the reason is not that the abrasives available to the 
trade today are not adequately strong in tensile strength, hard- 
ness of grain, and grain adhesion, but merely because to increase 
drum speeds with the present construction would increase vibra- 
tion and a whipping of the drum or, to speak technically, a dy- 
namic unbalance, which would quickly break down any abrasive 
sheet, not necessarily the grain, but the whole sheet structure, 
and very appreciably shorten the life of the machine. And to 
increase the feed, which, after all, is the only way to increase the 
production without additional drum speed, would accentuate the 
rotation marks which he admits are unavoidable because of the 
present characteristics of the machine, not to mention the ex- 
cessively increased strain it would entail on the drum felt and 
abrasive covers. Without taking intentionally a biased view, we 
believe that when drum sanders are made to successfully operate 
at higher drum speeds and thereby faster machine feeds, abrasives 
as presently manufactured will prove adequate. 

Nevertheless we want to assure all machine manufacturers and 
users of our keen interest in the technicalities involved in such an 
accomplishment, or in the solution of each day’s problems as they 
arise. The present trend in all mechanical processes being so 
definitely pointed toward the production of better work, with 
greater speeds and consequent lowered costs, we have tried to 
anticipate the research demands of such progress by not only as- 
suming a sympathetic frame of mind toward it, but also to see 
to it that we are equipped in so far as is possible with proper ap- 
paratus and personnel to aid in its accomplishment. This we 
gladly offer to all who may be interested and will always be open 
to and will welcome any suggestions along these lines. 


AUTHOR’s CLOSURE 


In Mr. Carlton’s discussion, he points out that abrasive paper 
has been improved to the point where complaints in regard to 
paper breakage are almost negligible. We believe this to be the 
case, but it should not be understood from this that paper break- 
ageis unusual. There is still considerable breakage, but probably 
the complaints are few because the operator realizes that breakage 
is usually due to mishandling of either the machine or the paper. 


We feel safe in saying that most breakages are caused by one of 
the following abuses: 


1 Attempting to take a cut which is too heavy for the grade 
of paper used. (As pointed out in the paper, the finer 
the abrasive used, the less cut can be taken with a given 
horsepower consumption. This means that a heavy cut 
with a fine abrasive puts a greater tensile stress on the 
paper than the same cut with a coarser abrasive and in- 
creases correspondingly the chance of paper breakage.) 

2 Running the abrasive paper after it is dull. (This has 
the same effect as taking an unduly heavy cut with fine 
paper.) 

3 Poorly applied paper. (Paper so applied to the drum 
that it is wrinkled or baggy or that it is under more 
tension at one point than another is predisposed to tear.) 

4 Bad stock. (Built-up stock with badly mismatched 
joints or stock with loose knots or splinters all will 
cause undue paper breakage.) 


These are the most common causes of paper failure, and the 
author believes that the machine operator realizes that they are 
beyond the control of either the paper or machine manufacturer. 

Mr. Carlton points out that the paper manufacturers have 
improved their product to the point where it is giving as much as 
four times the life of the old product. This cuts down non-produc- 
tive time quite materially, but on a sander non-productive time 
needed for paper changes should be well under 5 per cent of the 
total available time. Therefore any material increase in pro- 
duction must come during the productive time. 

In Mr. Wiswell’s discussion the point is brought out that sander 
output cannot be improved without stepping up drum speeds and 
that this is not feasible due to the inherent weakness of sander 
drums and to the difficulties encountered in obtaining dynamic 
balance. In touching on these difficulties in the paper the author 
did not intend to give the impression that these difficulties were 
insurmountable. In fact, they are not. Spiral sander drums 
with a cutting surface 103 in. long are being operated daily at a 
speed of 1800 r.p.m. Asa part of the process of balancing, spiral 
type drums are run at 2400 r.p.m. These examples give an idea 
of the extent to which these difficulties mentioned have been over- 
come and of the possibilities for faster cutting speeds when a suit- 
able cutting medium is developed. 
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Wood Bending 


By T. R. C. WILSON,'! MADISON, WIS. 


Wood softened by the action of moisture and heat or by other 
agencies can be upset or shortened very considerably, but can be 
stretched or lengthened but little. Hence, since the concave and 
convex faces of a bent piece differ in length, it is necessary in bending 
to prevent stretch and to cause the entire difference in length to take 
place as upset, this upset being a maximum at the concave face and 
decreasing to zero near the convex face. This can be accomplished 
by supplying a metal strap with securely attached end fittings through 
which the compressive force, or end pressure, can be applied. The 
end pressure must be distributed over the ends of the stock so that 
localized crushing does not occur, and the rotation of the end fitting 
must be restrained to obviate release of the end pressure. The 
common arrangement of parts of wood-bending apparatus does not 
fulfill these requirements. The requirements can be attained, how- 
ever, by utilizing the principle of the reversed lever. 

The distance between end fittings cannot be made exactly the same 
for a number of straps and cannot be kept constant, neither can 
pieces of wood be cut exactly to the required length. Hence, means 
for adjusting the distance between end fittings is necessary. Pieces 
whose width is considerably less than their depth must be restrained 
to prevent sidewise bending and the formation of lateral crooks and 
buckling. 

This paper, which is based on studies at the Forest Products 
Laboratory, deals only with the requirements of bending apparatus 
and manipulation, emphasizes their importance, and points out 
that they must be correct before the large breakage losses incurred 
in the bending of wood can be reduced materially. 


HE bending of wood to curved shape is an art that has 

been practiced for many decades. Observation indicates, 

however, that the desirable stage of perfection has not 
yet been reached. This is evidenced by the fact that large 
breakage losses occur in nearly every bending operation. 

Such breakage causes large financial loss to manufacturers. 
Furthermore, the ruin, for any use except fuel, of considerable 
quantities of good wood constitutes a drain on timber supplies. 
It is the purpose of this paper to discuss the one cause of loss 
that can be most readily corrected. The investigations needed 
to accomplish further improvement are also enumerated. 

The production of bent-wood parts may be divided into the 
following steps: 


1 Selection of stock 

2 Seasoning the stock (except when it is used in the 
thoroughly green condition) 

3 Preparation of bending blanks 

4 Softening the wood and rendering it pliable or bendable 

5 Bending 

6 Fixing in the bent shape. 


In the woodworking industry varied practice obtains with 
respect to several of these steps. Some manufacturers attempt 
to bend the general run of stock, while others insist on freedom 


1 Senior Engineer, Forest Products Laboratory, Forest Service, 
U. 8S. Department of Agriculture, maintained at Madison, Wis., in 
cooperation with the University of Wisconsin. 

Presented at the Fourth National Wood Industries Meeting, 
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from cross-grain and other defects, and in addition attempt to 
select material of good “bending texture.’”’ Stock may be 
bent in the rough condition in which it comes from the sawmill 
or may be planed before bending. Blanks may be made as 
nearly as possible to final size to avoid failure in bending or may 
be left considerably oversize so that material damaged in bending 
can be trimmed off. Some woodworkers prefer green wood, 
some would rather have thoroughly air-dried wood, and yet 
others believe best results are obtained with partially seasoned 
wood. Hot-water soaking, steaming with exhaust steam, pres- 
sure steaming, and softening by chemicals are variously advo- 
cated. 

The seasoning and softening treatments and the wood itself 
ordinarily receive the major blame when excessive breakage 
occurs. In such a case, it is usually decided that the wood was 
not properly seasoned, or that it was steamed too much or not 
enough, or that the timber was “‘dead,’’ or that something else 
was wrong. But the efficiency of the bending apparatus and 
appliances is seldom questioned. It is known by many that 
“end pressure” is necessary. But if some sort of a strap is 
used, it is assumed that the end-pressure requirement is ful- 
filled. Furthermore, it is too frequently assumed that con- 
sidcrable breakage is inevitable. 

The author believes that a large part of the bending breakages 
will be avoided if the necessity for end pressure is fully recognized 
and the requirements for obtaining it understood. Furthermore, 
it is believed that the application of correct principles to the 
actual bending operation will, without other modifications of 
bending-room practice, relieve a large number of the ills of wood 
bending. Unless the bending manipulation is correctly carried 
out, however, it is impossible to determine whether the practice 
with respect to other steps is acceptable. These conclusions 
are the result of several years’ experience at the Forest Products 
Laboratory with strength tests of wood, some experimenting in 
the bending of wood, and observations in a large number of plants 
making a variety of bent-wood products. 

In view of the importance of end pressure, this paper is de- 
voted chiefly to an explanation of the inadequacy of common 
bending appliances and the presentation of a method whereby 
properly controlled end pressure can be obtained. 


Wuat Happens IN BENDING 


When a piece of wood is bent without straps, the wood fibers 
on the side next to the form are put in compression and those 
on the opposite side in tension. The compression is accom- 
panied by shortening or upset and the tension by lengthening or 
stretch. The result is that the side next the form becomes 
considerably shorter than the opposite side—the difference be- 
tween the lengths of the two sides depending on the thickness of 
the piece and on-the angle through which it is bent. The rela- 
tive or percentage difference depends on the thickness of the 
piece and the radius to which it is bent and is equal to the ratio 
of the thickness to the radius of the convex face. If the radius 
is very large compared to the thickness (say about 200 or more 
times as great), the upset and stretch are exactly equal and a 
line drawn along the center of the thickness of the piece before 
bending is unchanged in length when the bending is complete. 
A piece of wood bent to such a large radius, however, will not 
remain bent when released. 

As the radius is reduced, the shortening or upset becomes 
greater in degree than the stretch, and the neutral line, or line 
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whose length is unchanged in bending, moves toward the tension 
side of the piece. This is because wood is much stronger in 
tension than in compression; and the thinner layer between 
the neutral line and the convex face has sufficient tensile strength 
to hold together while the thicker layer between the neutral 
line and the concave face is compressed. 

As the radius is further reduced, a stage is reached wherein 


Block 


B 


Fic. 1 Sxketrcu or a BenpING Strap Havine INEFFECTIVE SHORT 
Enp BLocks 


(4—Before pressure is applied. B—After pressure is applied. Note 
how the end blocks tip over and slip off.) 


Fic. 2. Type oF Pan or Strap OrpINARILY Usep In Hot-Press 
BENDING 
(Note the short length of the horizontal leg of the angle irons.) 


the tension layer no Jonger has sufficient strength to hold to- 
gether and will fail by pulling apart unless it is assisted in some 
manner. To give such assistance is the purpose of the metal 
strap or band used in making severe bends, although it is some- 
times assumed that the purpose of the strap is to prevent splin- 
ters from “kicking out” from the body of the piece by exerting 
pressure against the convex face. Splinters, however, cannot 
“kick out” until they are formed by the occyrrence of tension 
failures. Adequate straps that are properly used not only pre- 
vent the splinters from “kicking out” but prevent their forma- 
tion; that is, such straps prevent tension failures. 


Tyres oF FarLures In BENDING 


In making severe bends, failure of the wood may occur either 
by compression or tension or by both. In case the upset, which 
in successful bends is evenly distributed, becomes localized, 
buckling or compression failure on the side next to the form may 
take place. Tension failure takes place when the fibers on the 
side away from the form are pulled apart. 


If the metal straps are sufficiently strong and their end fittings 
are efficient in action, tension failures can be entirely prevented 
by restraining the piece so that little or no stretch occurs. 

The statement is sometimes made that some stretch must be 
permitted as otherwise compression failures will certainly result. 
The fact is, however, that wood can be stretched only a small 
amount, probably less than | per cent on the average,? without 
tension failure. In many bends the difference in length be- 
tween the convex and concave faces is 15 per cent or more, and 
it is evident that in such cases the prevention of a possible stretch 
of 1 per cent or less would do little to obviate compression failure. 

If bending is to be done without numerous tension failures, 
the appliances used must be such as to enable the end pressure 
to be kept under control and the stretch of the outer or convex 
side of the bend kept within narrow limits. If the strap is to 
be effective in limiting stretch, it must have securely attached 
to it adequate end fittings against which the ends of the piece 
can bear. 


ANALYsIS OF ACTION OF CoMMON TYPES OF 
Woop-BENDING APPARATUS 


In order to determine the kind of end fittings required to 
exert a push that will prevent the stretch of the convex face of 


Fic. 3 AN Improvep Type or Pan 
(This shows clamping arrangements and laminated side bars.) 


the bending stock and the consequent tension failure, it will be 
useful to consider some of the common types of bending appara- 
tus and to analyze their action. If bending is attempted with 
straps having very short end blocks, as illustrated by A, Fig. 1, 
these end blocks will tip over and slip off as shown at B, Fig. 1. 
Consequently, the strap becomes quite ineffective. 

In making bends such as chair-back posts in a hot-press ben- 
der, straps or bending pans, such as shown in Fig. 2, are used 


2 No systematic study has been made at the Forest Products 
Laboratory to determine how much stretch can take place without 
tension failure. Some measurements of heavy oak wheel rims 
showed that where as much as 1 per cent stretch of the convex face 
occurred in bending, tension failure resulted. Possibly such species 
as hickory and rock elm, and particularly the better pieces of these 
species, can be stretched considerably more than this. On the other 
hand, the permissible stretch is in many cases probably less than 1 
per cent, and it seems best to assume that stretch must be restrained 
as much as possible. 
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as a rule. Although the end blocks are better than those of 
Fig. 1, they are insufficient in length to entirely prevent stretch 
and tension failures. In fact, with the type of end blocks or 
end angle irons shown in Fig. 2, the ends of the stock may be 
observed actually to rise during the first part of the closing of the 
press, thereby demonstrating that the horizontal legs of the 
angle irons are not long enough to prevent such tipping as is 
shown in Fig. 1 at B. Furthermore, when even slight tipping 
takes place, the push of the end block becomes localized and 
causes crushing at the lower edge of the stick, which allows 
stretch to occur, and tension failure results. Localized crushing 
can be obviated by pivoting the plates against which the ends 
of the stock bear, as illustrated by the special type of pan* or 
strap in Fig. 3, wheré the pressure is uniformly distributed over 


- the ends of the stock. However, the push of the stick tends to 


rotate the end fitting and thus relieve the end pressure. The 
prevention of stretch requires that the end pressure be main- 
tained. How this fundamental requirement of bending manipu- 
lation can be attained may be better understood from an analysis 
of the forces that come into action during the bending opera- 
tion. 

Fig. 4 represents a stick in process of being bent. The stick 
of thickness or depth A is partially bent, the last point of contact 
with the form being O; that is, the bending is complete to the 
left of O. The strap of thickness ¢t is securely attached to the 
end fitting m. The stick bears through plate n against a pivot 
at the inner end of fitting m. Since there is to be no rotation of 
the end fitting, the line of action of P' will be at right angles to 
the end of the stick. If the stick and strap are assumed to be 
cut along a plane through O and the center of curvature of the 
form, the action of the portion of the strap and stick to the left 
of this plane can be represented by: 

T, the tension in the strap acting at the center of its thickness 
and perpendicular to the cutting plane, 

C, the summation of the stresses (in the stick) perpendicular 
to the cutting plane, and 

P"’, the shear parallel to this plane. 

Since the summation of forces perpendicular to the cutting 
plane must be zero, C = T. 

Equating external and internal moments about the inter- 
section of the line of action of C with the cutting plane, 


[1] 


where a is the distance between the lines of action of 7 and C. 
Moments about O’, the intersection of the center line of the 
strap with the plane of the outer face of bearing plate n, give 


where b is the distance from the line of action of P’ to the center 
line of the strap. 

P is eliminated by dividing Equation [1] by Equation [2], 
and the following equation results: 


P’ must be equal to the tension in the strap at O’. The tension 
at this point is equal to 7’, the tension at O, except for the friction 


‘ This pan was developed at the Forest Products Laboratory and 
is patented for the free use of the people of the United States. Fora 
more complete description see ‘Some Improvements in Hot-Press 
Bending,”’ published in the January, 1926, issue of Wood Working 
Industries, and in the February, 1926, issue of Furniture Manu- 
facturer and Artisan. This design, however, has been superseded 
by a further improvement described later in this article. 
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force between the strap and the projecting portion of the stick. 
The friction force depends on the coefficient of friction and on 
the pressure of the strap on the stick. This pressure depends 
on the angle a through which the projecting portion of the stick 
is bent. Since ordinarily this angle is small, the friction force is 
small and the tension at O’ is approximately equal to 7’. Hence, 
P’ = T very nearly, and without great error Equation [3] can 
be rewritten as 


There is to be very little‘ stress or deformation at the convex 
face of the piece, and the shortening of the stick at point O 
will vary from nothing near the face next the strap to a maximum 
at the face next the form. This distribution of the shortening or 
deformation is represented by the abscissas of the small triangle 
shown at O in Fig. 4. If the stress were proportional to the 
deformation, then C, the resultant of these stresses, would act 
at a distance of two-thirds h from the inner side of the strap. 
Since, however, the stick is strained beyond the elastic limit, 
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stress is not proportional to deformation, and this distance is 
probably slightly less than two-thirds h. It is greater than one- 
half h, however, for if it was exactly one-half h no bending would 
occur, and if less than one-half h the bending would be in the op- 
posite direction. Danger of crushing at the end of the stick will 
be least if P’ is applied at the center of the height or thickness 
of the stick; that is, if 


b=-+-. 


Equation [4] shows that the X/L ratio will be least if a is 
given the largest value it can have, which, since it was assumed 
that the distance from C to the inner face of the strap cannot 
exceed two-thirds h, is 

t 

With the substitution of these values for a and b, Equation 

[4] becomes: 


X t 


This shows that, in order to maintain the exact balance of 
forces, X, which is the distance from O’ to the point of appli- 
cation of the bending force P, must be at least three times as 


‘Since the strap is under combined bending and tensile stress, 
there may be some change in the length of its inner face. Disregard- 
ing the deformation of the convex face of the stick which this would 
imply introduces no significant error in the further discussion. 
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great as L, which is approximately the length of the projecting 
portion of the stick, and that X cannot be kept constant, but 
must decrease as ”, decreases. These same conclusions are 
reached from a more complete analysis in which the friction 
between strap and stick is considered. The more complete 
analysis also shows that X might be kept constant if the dis- 
tance b could be varied’ during the progress of the bending. 
Why not keep the leverage X constant and obtain the desired 
results by varying the force P as the bending progresses, is a 
question that might be asked. The answer is that with X fixed 


A Mertuop or PROVIDING FOR AUTOMATIC 
REGULATION OF END PRESSURE 


5 


the value of P at any stage of the operation is determined by the 
moment required to bend the stick at the point of contact with 
the form. Hence, P is not subject to being varied as desired. 

Yet another way of stating the necessary balance of forces is 
as follows: 

1 The resistance of the stick to bending at the point of con- 
tact with the form is approximately constant during the opera- 
tion. Hence, P(X + L), which is the moment to bend the stick, 
is constant and P must increase as the operation proceeds and 
X + L decreases. 

2 P’ is the push required to prevent stretch, and it also 
remains approximately constant and has a constant moment 
O’. Hence, PX must be kept constant. 

3 The products PX and P(X + L) can be kept constant as 
L decreases only by keeping X in a constant ratio to L. 

& The bending can be continued to the end of the stick only by 
making b equal to a. 
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The preceding analysis shows why bending apparatus arranged 
as in Fig. 4 is frequently inadequate since it is seldom convenient 
or possible to provide long enough end fittings or to shift the 
points of application of forces during the operation. 

However, apparatus that only approximately fulfils these 
requirements often functions satisfactorily. For example, the 
pan shown in Fig. 3 operates in a very satisfactory manner in a 
hot-press machine. Although the end fitting rotates slightly in 
the early part of the operation, resulting in some release of end 
pressure, this is usually not enough to cause tension failures. 
Later, rotation of the end fitting in the opposite direction results 
in more end pressure than is needed to prevent stretch, but 
usually this does not appreciably increase the tendency toward 
compression failures. It should be remembered that in this 
particular instance the total angle of bending is small and only . 
a portion of the length of the stick is bent. 


Tue ReverseD LEVER 


A simple method of providing for automatic regulation of 
end pressure is illustrated in Fig. 5. Here the longer leg of the 
end fitting has been reversed and extends back along the bending 
stock. The strap is attached to the end fitting only near the 


Fic. 6 Latest Mopet BEenpING PAN PaRTIALLY ASSEMBLED TO 
FEATURES OF CONSTRUCTION 


Latest Mopet Benpinc Pan With CHARGE IN PLACE 
Reapy FoR CLOSING OF PRESS 


Fic. 7 


end of the strap. With this arrangement the counterclockwise 
moment on the end fitting resulting from the end pressure P’ 
is resisted by the pressure of the reversed lever against the 
stock, whereas with the arrangement of Fig. 4, the resisting 
moment had to be obtained by providing a definite Jever arm 
for the bending force P. With the Fig. 5 arrangement, P may 
be applied at any point beyond that to which the bending is to 
continue or its position may be varied as bending progresses, 
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with the limitation that it must always be to the right of the 
last contact of the stick with the form. Furthermore, as the 
lever arm of P is shortened, the pressure of the stick against the 
form increases, and if this arm is made too small, the stick will 
be crushed radially. Since the projecting portion of the stick 
bends but little near the end, approximately uniform distribution 
of end pressure is obtained without the pivoted bearing. How- 
ever, stock can seldom be cut to fit the length of the strap with 
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buckling or bending sidewise. In such a case, the use of a 
channel-shaped lever has the advantage that the stock can be 
braced laterally against the flanges of the channel. 

The reversed-lever principle is utilized in a second type of 
pan designed by the author for use in the hot-press bending of 
chair-back posts. This pan® is shown partially assembled in 
Fig. 6, and in Fig. 7 it is shown in position ready for the press 
to be closed. Fig. 6 shows the “sidewalls” of this pan, which 


a 


Fie. 8 Rim-Benpinc Macutne 


the necessary degree of exactness. Consequently, some adjust- 
ment of strap length must be provided, and it is convenient to 
make this adjustment by means of screws threaded through the 
end fittings and the end pressure may be applied through bearing 
plates pivoted on the ends of these screws. 

Obviously, the bending lever and end fitting in order to func- 
tion properly must be sufficiently rigid that no appreciable def- 
ormation takes place in them. Sometimes the necessary rigidity 
can be obtained, along with other useful results, by making the 
lever of U-section or channel-section so as to surround the stock 
on all sides except that next to the form. If the width of the 
stock is much less than its depth, there is a tendency toward 


serve as the reversed levers and in the lateral bracing of the 
stock. End plates D pivot? on the points of screws C, which 


‘This pan was developed at the Forest Products Laboratory. 
The pan and its operation are described in more detail in ‘‘A Further 
Improvement in Bending Pans,’”’ February, 1927, issues of Wood 
Working Industries and Furniture Manufacturer. 

7 The reversed-lever principle, as-described in connection with 
Fig. 5, is not fully realized in this apparatus. With outer as well as 
inner forms, as provided in the hot-press bender, the lever cannot 
extend along the outer face of the portion of the stick beyond the 
last point of contact of the form. Hence, considerable bending may 
occur in this portion, and a pivot is necessary to distribute the end 
pressure over the end of the stick. 
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also serve for length adjustment. Fig. 7 shows how the side- 
walls bear against the upper form. 

By the use of this pan it was found possible to bend red gum 
back posts 1!/s in. wide by 2'/, in. deep with practically no loss 
from breakage. Furthermore, due to the clamping action of the 


Fie. 9 Apparatus Wits LoNGER LEG or ENp Fittinc ExTENDING 
Back ALONG THE Piece BEING BENT 


(This apparatus fails to fulfil the reversed-lever idea. Note reverse curva- 
ture of projecting portion of piece.) 


side screws during the press operation and the subsequent drying 
of the stock, the product was remarkably free from sidewise 
crooks or bends and from warp and twist. 

The statement that one of the worst ills of wood bending is the 


lack of properly controlled end pressure is substantiated by this 
experience and by the testimony of a manufacturer who had 
requested drawings of the pan illustrated in Figs. 6 and 7. This 
manufacturer wrote as follows: 

“A duplicate of this pan was made for the bending of portable 
chair legs which are about 2'/, in. wide and about 1 in. thick, 
the bending being made along the edge rather than on the side. 
While we were using the old pans—that is, pans of the conven- 
tional type commonly used in wood-bending rooms—our break- 
age was extremely high, in some cases running as high as 50 
per cent, although it would not average that. With the new 
pans made with a few minor changes from the sketches we 
received from you, the breakage has been running between 
5 per cent and 10 per cent. The bending operation is a rather 
difficult one, and we are very much satisfied with the results 
we are obtaining from these pans.” 

The principle of the reversed lever is utilized in some of the 
machines regularly built for bending work. This is true of the 
machine for the bending of heavy wheel rims shown in Fig. 8. 
This particular machine also has means for applying considerable 
end pressure to the stock before bending is begun and for releasing 
the end pressure automatically as bending progresses. 

Sometimes the end fitting is extended back along the stick 
for a short distance. Such an example is illustrated in Fig. 9. 
The reversed-lever principle is fully realized, however, only 
when the end fitting extends back as far as the last point of 
contact between the stick and the form. This is not the case 
in Fig. 9, and the lack of proper regulation of end pressure is 
demonstrated by the reverse curvature of the stick near its end. 
Fig. 9 represents a condition observed in an actual bending opera- 
tion. 


Orner DEFICIENCIES OF APPARATUS AND OPERATION 


Often the apparatus used in bending and the manipulation 
have deficiencies other than the lack of means for the central 
application of end pressure to prevent end crushing and the lack 
of means for keeping the forces in proper balance as discussed in 
connection with Fig. 4. Among these are: 

1 The strap and other parts of the apparatus are not strong 
enough. 

2 Stock is cut too short for the strap and it stretches, and 
tension failure occurs before any pressure is obtained from the 
end fitting. Stock is cut too long for the strap and is forced into 
place in it, thus tipping the end fitting and causing localized 
crushing at the end of the stock before bending begins. Since 
bending blanks can seldom be cut to fit fixed-length straps with 
sufficient exactness, some means of adjusting the strap for the 
length of the stick must be provided. When a number of pieces 
are bent in the same pan, it is obvious that the same types of fail- 
ures may occur unless the pieces are exactly equalized in length. 

3 If the width of the piece to be bent is less than its depth, 
there is a tendency to bend sidewise and to form lateral crooks 
and buckling. Provision is not ordinarily made to restrain this 
tendency. 


APPLICATION OF THE REVERSED-LEVER PRINCIPLE 


Application of the idea of the reversed lever presents no diffi- 
culty when bends without reversal of curvature are made with 
inner forms only. When both outer and inner forms are used 
as is common with hot-press machines, the problem of clearance 
for the lever when the machine is closed must be met. In fact, 
in such a case the idea of the reversed lever can be only partially 
realized, since a rigid part, such as the web of a channel section, 
cannot be interposed between the stick and the outer concave 
form. (The idea of the reversed lever is only partially realized 
in the design of the pan shown in Figs. 6 and 7.) Further com- 
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plications arise in making bends having a reversal of curvature, 
such as a tennis racquet or snowshoe frame, or when parts of a 
bend are in successively different planes, as in certain chair 
parts. 

Opportunity exists for the exercise of ingenuity in designing 
machines and appliances that will permit the application of 
correct principles in making bends that involve these compli- 
cations. It should be accepted as an axiom that no bending 
apparatus and manipulation that permits tension failures to 
occur is adequate. 


IMPORTANCE OF OTHER STEPS 


Although this paper has been devoted to a discussion of 
apparatus and manipulation, the importance of the other steps 
involved in the production of bent-wood parts is not to be 
overlooked. Research is needed to determine: 


1 What species not hitherto used for the purpose can be 
bent successfully and how to select bending stock of 
each species 

2 What method and degree of seasoning puts wood in the 
best condition for the succeeding steps 

3 Best practice in the preparation of blanks 

4 How the softening can best be done; whether by hot water 
or steam, and at what pressure, or whether by chemical 
treatment 

5 What procedure is best in drying the bent part and fixing 
it to the desired shape 

6 What allowance needs be made for change of shape sub- 
sequent to bending 

7 The interrelations of these several factors and their effect 
on the strength properties and the permanency of 
shape of the resulting product. 


Discussion 


K. B. Sorenson.’ Until 1925 breakage 
of bent wood parts in the factory with which the writers are 
connected was excessive, running between 25 per cent and 30 
percent. At that time, a study was made in an effort to reduce 
the waste percentage, with the result that at the present time 
there is but approximately 6 per cent waste on this same class 
of work. This reduction is due to the following changes: 

1 Originally, bending was performed without the use of 
pans and also without end pressure. Later, pans made from 
good spring steel have been used, thus giving the required amount 
of pressure. 

2 The steam pressure for moistening the wood has been 
changed from 25 lb. to atmospheric pressure obtained by the 
installation of vents in the steaming retorts. 

3 The stock is now cut to the correct length on a double 
cut-off saw, with not less than '/»-in. variation. 

4 The moisture content of the lumber is checked and should 
be between 12 per cent and 18 per cent. 

5 A careful watch is kept of the man operating the bender 
to see that instructions are carried out. 


Cuair Posts 


Until 1927 all chair posts were bandsawed. At that time 
the writers were of the opinion that a large saving could be made 
in lumber if these posts could be bent. A board 5 in. wide is 
required to bandsaw to shape a chair post 42 in. long, 25/i in. 
wide, and 1 in. thick. It would not be practical to purchase 
lumber cut to the correct width for bandsawing as this would 
average approximately 39 per cent cutting waste. The same 


8 American Seating Co., Grand Rapids, Mich. 
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size post can be bent from slabs or edgings cut to just the right 
width, plus an allowance for planing to a uniform finished 
width. 

An extensive study was made in an effort to change from band- 
sawing to bending, with the result that up to the present time 
approximately 140,000 pieces have been bent with a 10 per cent 
loss, in spite of the fact that stock is not sorted for straight grain. 

All blanks are cut from slabs at the saw mill, after which they 
are piled at the mill according to the piling specifications and 
held under cover for four months before being shipped. Upon 
their arrival at the plant, they are run through a rough planer 
for sizing to thickness and width. They are then cut to the 
correct length for the bending pans, after which they are steamed 
for two hours at atmospheric pressure. After steaming they are 
placed in the hot-plate hydraulic bending press for four hours. 
Following the removal from the hot plates, it is necessary for 
them to stand a minimum of 24 hr. before machining. The 
operations performed by the bender man have considerable 
bearing on the breakage of stock. It is imperative that the 
stock move from the retort to the bender as quickly as possible. 
Just recently it was discovered that some breakage was caused 
by the fact that the bender platens were pumped up too fast, 
thereby giving the stock no chance to bend slowly and allow 
the fibers to stretch slowly. A governor on the bender has now 
been installed which allows the operator to pump up the press 
at the correct rate of speed only. 

The author’s paper reviews many of the experiences which 
the writers’ company has also had with bent wood. In this 
connection the following comments are offered on the six steps 
on the production of bent wood which the author outlines in 
the first column of the first page of his paper: 

Selection of Stock. Stock cut from slabs at the saw mill 
should be used whenever possible for the following reasons: 
(a) Sap wood bends better than heart wood. (b) Less waste 
results with this method than when blanks are cut from the 
usual run of lumber. (c) The use of such dimensioned stock 
cut by the mills conserves the lumber supply. 

Seasoning of Stock. Better results have been obtained by 
using lumber with a moisture content of 12 per cent to 18 per cent. 
This is due to the following: (a) A large waste percentage due 
to end checking results from the use of lumber containing more 
than 18 per cent moisture. This end checking occurs before 
the stock is placed in the bender. (b) More breakage occurs in 
stock containing less than 12 per cent moisture. This is due to 
brittleness and cannot be overcome by a longer steaming period. 

Preparation of Bending Blanks. From past experience the 
best results are obtained by the following method: (a) All 
stock should be planed to uniform thickness and width. (6) 
All stock should be cut to the correct length for the bending 
pans, with not less than '/»-in. variation. 

Softening the Wood, and Rendering It Pliable or Bendable. 
Best results are obtained from stock which has been steamed in 
a retort with atmospheric pressure. Immersion of the stock 
in hot water before bending has not been found practicable for 
the reason that the end wood soaks up more water than the 
center, and consequently when placed in the bender dries more 
rapidly, thus causing end checks. Another objection to im- 
mersion in hot water is the formation of blue stain. 

Bending and Fixing in the Bent Shape. The best results are 
obtained when the wood is bent in cast-iron plate benders which 
are under a constant steam pressure of approximately 35 lb. 
The stock should be left in the bender plates long enough to 
fix the shape. The time period depends on the way the wood 
is bent, whether flatwise or edgewise, and also the amount of 
steam pressure in the bender platens; 4/4 stock bent flatwise 
should remain in the bender for 1'/2 hr., while 4/4 stock bent 
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edgewise should remain in the bender approximately 4 hr. in 
order to hold its shape. 

The speed at which the plates are pumped up is also an im- 
portant factor. This operation should not be hurried as the 
platens should bend the stock very slowly. 


GrorGe F, Cosgrove.’ Leaving aside the drywood bending 
process, which is quite another story, it is safe to say that end 
pressure, or upset as it used to be called, is the most essential 
factor in successful wood bending. One cannot deny that the 
circumference of a 10-in. circle is less than that of a 12-in. circle. 
Therefore it follows that if 1-in. stock be bent to a 10-in. circle 
there will exist quite a variation in the lengths of the inside and 
outside of the bend. 

It has long been axiomatic that wood may not be stretched 
as under tension the fibers pull apart and rupture. The scrap 
box in any bending room will furnish mute evidence of that fact. 
The difference in the lengths of the two sides of the bending 
must be compensated for in some manner, and compression 
offers a satisfactory solution. Therefore competent end pressure 
is an absolute essential in any successful wet wood-bending 
operation, hand, machine, or press. 

It does not seem that wood bending is, in any sense, an exact 
science, except as regards the necessity for suitable end pressure. 
Wood in almost any condition, from sopping wet to bone dry, 
may be bent successfully. 

Almost any condition of wood may be dealt with. The 
duration of the steaming period, the percentage of saturation 
of the steam, and the drying temperature are all easily control- 
lable factors, and would appear to be directly dependent on 
the condition of the blanks. If success is to follow they must 
be controlled. Differing conditions of wood will most certainly 
call for differing treatments. Experience must be the sole 
guide; no man may lay down hard and fast rules. That is why 
it is suggested that wood bending is not an exact science. 

In making a bend it is quite clear that some movement, some 
readjustment of the wood fibers, must occur. It is probable 
that the heat of the steam aids this movement of the fibers by 
a partial breaking down of the cohesion, as well as by providing 
a more or less effective lubricant for the sliding action of the 
fibers. There must be fiber motion. The fibers on the inside 
of the bend must close in upon themselves; they must assume 
new positions, and a greater density than was theirs prior to 
bending. They must go into a huddle. That is why open- 
grained woods like oak and ash bend better than those of closer 
grain. There are more voids, and more room for huddles. 

A bunch of wood fibers, lacking cohesion, is just a bunch of 
wood fibers, easily bent, as a bunch. Given cohesion, the 
fibers become a block of wood. A pack of cards may be bent 
easily, but if the individual cards are glued together to form a 
solid block they are not bent so readily. In the solid block of 
paper there is no internal motion, nor is there in the dry, un- 
steamed wood. Parallel conditions obtain in the steamed 
blank and the loose cards—both permit internal motion. 

Bending blanks when ready for the form should be soft and 
flexible, and to approach remotely this desirable condition the 
fiber cohesion must be broken down by steam or otherwise. 
A green blank carries within itself considerable moisture which 
may be transformed into a solvent and a lubricant. The dryer 


blanks have no such internal resource, and must be treated by 
some process which either supplies the necessary moisture from 
without or by application of heat renders liquid the natural 
sap of the wood which has solidified. However it may be done, 
the fiber cohesion must be broken down to render the wood 
flexible. 


® Owosso, Mich. 


The writer has had considerable experience with hot-plate 
presses, hydraulic and otherwise, and is not convinced that the 
hot-plate press is the ideal method of bending chair backs, 
posts, rockers, and other shapes to which the press is applicable. 
He believes that the type of bending apparatus wherein the 
softened blanks are mounted in individual straps, and indi- 
vidually bent over a steam-heated form, and thereon allowed 
to become set, will produce more perfect bends per hundred 
blanks than will the hot-plate press process. 

The press method may be faster, but the gage of any bending 
operation is the number of perfect bends resulting therefrom, 
and the press may not have so much advantage in labor cost as 
might be thought, unless there are several presses to keep the 
men busy. In the type of apparatus in mind the bends are 
removed from the hot forms as soon as partially set, and the 
drying is completed in wooden racks. 

The hot-plate press is, in many ways, rather drastic in its 
dealings with the defenseless blanks. The only thing that 
should be drastic in wood bending is the end stress. The in- 
tense heat of the plates bearing hard upon both sides of the 
bending cannot well help but check, and check badly, some 
conditions of stock. About all that prevents all the stock from 
checking is the preliminary steaming. If the pressure and heat 
be reduced so that checking is minimized, the stock must remain 
in the press too long. Some pumps set up the plates in a series 
of short jumps. This motion increases breakage. The fibers 
do not have time to readjust themselves. 

In some experiments made a few years ago in the press bending 
of oak shovel handles the percentage of rejects was brought 
down from about 50 per cent to less than 15 per cent. But the 
stock was kept in the press for two hours. The only changes 
made were in the upset pans. The bulkheads were rendered 
more stable and provision was made to prevent the blanks from 
escaping the upset by sidewise buckling. The greatest single 
factor in any wet process of wood bending is controlled end 
pressure. The stress is cumulative. It begins at the start of 
the bending and continues to pile up until it reaches zenith at 
the end of the bend. That is the reason the end of the blank 
has such a decided non-affinity for the form, and why end 
pressure must be controlled. 

The blanks should be rendered soft and pliable by a treatment 
appropriate to the condition of the wood. Then they should 
be bent with a slow and steady motion, and under suitable end 
pressure, as quickly as possible after withdrawal from the steam. 
In the drywood process, one of two things happens. Either 
the outer circle of the bend is stretched, or, in some mysterious 
manner, the outer skin is endowed with sufficient tensile strength 
to compress the fibers of the inner side of the bend. The dry- 
wood process was originally developed in Indiana for the purpose 
of bending bodies for toy drums and similar stock. Not long 
ago all the patents pertaining to the process were purchased 
by H. S. McLeod, of the Delphos Bending Company. The 
machines are now in use at Delphos, and are also in process of 
development by another firm. 

The machines have three rollers; two are in line and the third 
is above and out of line to a variable extent. The mechanical 
principle is the same as the blacksmith’s tire bender. The 
stock, consisting of several pieces side by side, rides upon an 
endless sheet-steel apron which is gas heated. The feed rate 
is about 5 ft. per min. Mr. McLeod says that “the drywood 
bending process for certain purposes where wood parts not more 
than about 7/s in. thick are required to be bent on a true radius 
is an excellent one. For certain types of chair backs and other 
chair parts, as well as for upholstered furniture parts, the machines 
are ideal. A wood part can be machined complete, including 
sanding, and bent as a final operation with excellent results.” 


WOOD INDUSTRIES 


A. N. Miuier.’” The author has covered the subject thor- 
oughly, principally as to the requirements of bending apparatus 
and their manipulation. Some will say, Try to do it! Others 
will remark that it can be accomplished. Most of us will admit 
that we have our troubles producing perfect results. 

The author points out the best type of strap and end fitting 
and depicts the constant follow-up of pressure to the outer side 
of the stock, as shown in the rim-bending machine, to equalize 
the compression on the inner face of the bent member. 

It is our problem in each particular class of work to apply 
the principle, providing we give thought to the quality of blank 
stock suited to the purpose for which it is to be used, its prepa- 
ration, and conditioning after bending. Some of us have given 
much thought to plying the members to shape and form, be- 
cause our particular line of work would lend itself readily to it. 

The stair builders are supplying any quantity of laminated 
curved risers, and the grand piano manufacturers are laying 
up their rims by the same method of forming veneers into shape 
with glue and pressure applied to male and female forms. 

The writer wishes to convey just a few suggestions in respect 
to this method to those that may apply it, as follows: 

(a) Let us forget compression. 

(b) Use steel or wood straps without end blocks, but ex- 
tend far enough to clamp ends of member to male form. 

(c) Make male form exact to finished shape unless extra 
wood is needed in machining. Female form is made with refer- 
ence to thickness of member and strap and of proper strength 
to support pressure directed to male form. 

(d) Straps are used only when male form is one true curve 
and clamps on ends will retain pressure of strap to stock. 

(e) Difficult short bends and reverse bends will require no 
straps, but will remain in forms until set, when stay laths may be 
attached and stock removed. 

The procedure should be as follows: 

1 Selection of Stock. Instead of using best grades of thick 
lumber, try lower grades of thin stock. 

2 Seasoning. Preferably 4 to 8 per cent moisture content. 

3 Preparation of Bending Blanks. Selected stock for each 
lamination, dressed both sides to a thickness of (!/1. to #/g in. 
and ripped to width, single or multiples, as desired to build up 
the black to proper size. Some manufacturers will find that 
sawed veneers may be used without dressing. No cross-bend- 
ing is used in this method unless blanks are finished 8 in. or 
more in width, but give some attention to opposing fiber direc- 
tion in alternate layers. 

4 Softening the Wood. If the laminations have been made 
the required thickness, upon applying glue to each side the 
wood will take up moisture enough to render it pliable. 

5 Bending. The prepared blanks (bundles of thin lumber) 
having received the proper amount of cold or hot glue to the 
surfaces of each layer, they are placed in position and pressure 
is applied to the male or the female form, as the case may re- 
quire. Length of time to be retained on form will be governed 
by type of form used, kind of glue, moisture content, and thick- 
ness of each lamination. 

6 Fixing in the Bent Shape. Little trouble will be experienced 
if care is given to retention on the form and if it is properly stayed 
when removed. 
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The vital point in this method is proper drying of stock blanks 
and this is accomplished with positive humidity control in the 
conditioning room or cell. If not controlled, to prevent the 
quick drying of the blanks they must be coated with cheap 
shellac or a good substitute. 

Where this method can be applied, there will be positive true 
shapes, with no breakage, greater rigidity, and conservation of 
timber supply. 


AvTHOR’s CLOSURE 


Mr. Merrill's description of his company’s experience in 
reducing losses in the bending of chair posts is typical of what 
can be accomplished in a great many plants by giving more at- 
tention to bending work. He states that they have reduced 
bending losses to the neighborhood of 6 to 10 per cent. It 
should be possible to make still further reductions. There 
should be absolutely no tension failures. Tension failures 
when found are an indication of inadequacy of the end pressure 
or other features of the bending manipulation. This brings 
to mind another point that has not been mentioned; namely, 
that with adequate end pressure there will be very little, if any, 
tendency to develop tension failures, and stock should be 
turned with the least defective side toward the form in order 
to avoid localization of compression at defects. The practice 
of planing stock to uniform thickness and width as advocated 
by Mr. Merrill is advantageous. Compression or upset is more 
likely to become localized in rough sticks with saw marks than 
in smooth pieces. He advocates cutting stock to the correct 
length with a variation not in excess of '/» in. This is certainly 
necessary, and it seems that through the use of equalizing saws 
it should be possible greatly to reduce the variations in length. 
He refers to the formation of blue stain as an objection to the 
immersion of stock in hot water. The blue stain referred to is 
presumably staining by rust from the forms or by the reaction 
between the metal in the forms and some of the substances in 
the wood, and is not the blue stain resulting from the growth of 
living organisms, which is the blue stain commonly met with 
in the drying of lumber. Staining as mentioned nearly always 
occurs when wet stock comes in contact with cold iron. 

The author’s ideas as to what takes place in bending differ 
considerably from those presented by Mr. Cosgrove. Readjust- 
ment of the wood fibers certainly takes place, but there is only 
a very insignificant, if any, movement. The fibers are simply 
shortened, but there can be only an extremely small amount of 
shear or sliding without failure and the formation of cracks. 
That there is very little of the sliding motion to which Mr. 
Cosgrove refers may be demonstrated by drawing lines squarely 
across the lateral faces of a piece of stock, then softening the stock 
and bending it around a circular form. When the bending is 
complete, these lines will be found to be straight with no offsets 
or distortion such as would result from sliding. It will be found 
also that if these lines are extended they will pass almost exactly 
through the center of curvature of the form. 

The author’s paper, of course, was not intended to cover the 
type of bending work Mr. Miller described. The glueing together 
of relatively thin laminations into curved form is very advan- 
tageous for many uses, and affords a means of attaining higher 
strength than is possible in the bending of large single piece 
members. 
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